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Humatan game variations

The Humatan game was made in such a way that the various features (variables) were
turned on and off. Four variations of the game were created and students were randomly assigned
to play each variation of the game. Table 6 shows the four variations of the game created for the

present study:

Table 6 — Game Variations

One game with challenges alone (No fantasy)

One game with fantasy alone (No challenges)

One game with both variables

I | One game with none of the variables

Operationalizing the confounding independent variables
As discussed earlier, there are confounding independent variables in this study: gender, GPA,
game skillfulness, SES and ethnic origin. Operationalization of each of these variables is
described here:
l. Gender: Gender was included as a question in the survey (See Appendix G). The
variable was coded 0 = Female; 1 = Male.
Il. GPA: While doing statistical analysis, the range of high school GPAs was split
into four groups and coded as shown below. In the present study, GPA was

entered by students in the survey by selecting one of the options given below. The
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classification of GPA shown here was adopted from a study conducted by Waugh
and Micceri (1994).

a. 1-low(<25)

b. 2 - medium-low (2.5-2.9)

c. 3 -medium-high (3.0-3.4)

d. 4-High(>3.4)

Game skillfulness: Game skillfulness was an ordinal measure with three
categories of low skilled gamer, moderately skilled gamer and highly skilled
gamer.

1. Low skilled gamer coded as 0 [0 — 33.32%]

2. Moderately skilled gamer coded as 1 [33.33 — 66.65%)]

3. Highly skilled gamer coded as 2 [66.66% - 100%]

The researcher arrived at the above percentages by combining the individual

coding for questions 1 — 7 on the game skillfulness survey as follows:

Xgs = X1/N1 + X2/N2 + X3/N3 + X4/N4 + X5/N5 + X6/N6 + X7/N7

Game Skillfulness = Xgs/7 * 100

Xgs = Combined Coding for Game skillfulness

Xi = Coding for Response to Question Qi by the student

Ni = Maximum Possible Coding for Response to Question Qi

The above scheme of coding is illustrated for question number one:
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Question: How much enjoyment do you get from playing video games?

a) A great deal

b) A lot

c) A moderate amount
d) Alittle

e) Notatall

Suppose a student picked answer “b” (a lot), then, b was coded as 4. When applying

the above formula:

X1/N1 = Code Value for b / Maximum Possible Coding for Q1

=4/5

= 0.8 (which is equivalent to 80%)

SES: The Socioeconomic status (SES) information was obtained from the percentage
of students enrolled in the free and reduced meal scheme offered by BCPS. It is
important to note that the SES information was not obtained directly from the
students. The BCPS district office provided aggregate data for each school.

Ethnic origin: Students were asked to select from one of the following options from
the survey about their ethnic background: African, Asian, European, Hispanic,

Middle-Eastern, and Native American.
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Pilot study
In March of 2010, a pilot study was conducted in one of the schools affiliated to the

BCPS. Both female and male students participated and played a prototype version of the
Humatan game and gave several comments to improve the game experience and usability. For
example, in the first level when a body part was captured, one student mentioned that it would
be nice to see a bigger version of the skeletal part, so that they can learn that part clearly.
Students also achieved multiple levels quickly, which showed the researcher that data collection
could be done within 45 — 60 minutes. The game was also tested by the BCPS Office of Science

PreK-12 for its content and usability.

Data collection
Data was collected at nine BCPS high schools. The data collection steps are elaborated in

this section.

The researcher approached the Office of Science at BCPS, since he was living in the
Baltimore County. The Office of Science sent out a memo to various high schools and 10
schools expressed their desire to participate in the study. The Office of Science provided the list
of biology and para-medical teachers and their contact information to the researcher. After
Syracuse University and BCPS approved the study, the researcher contacted the teachers and
explained to them the nature of the study. A date, time, and classroom location was identified
by the teacher for each school. On the identified day, the researcher went to the specified
classroom on the specified date and time, and explained the study to the students, in the
presence of the teacher. During this time, students who were under 18 years were given both an
assent form (See Appendix L) as well as a parental consent form (See Appendix K). These

students were asked to get parental consent by getting one of their parents’ signatures in the
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parental consent form as well as have them sign the assent form if they wanted to participate in
the study. Students who were 18 years or older were given a written consent and were asked to
sign the written consent if they wanted to participate in the study (See Appendix J). If the
parents and/or student did not want the student to participate in the research, they were not

required to sign the written consent/assent documents.

The researcher went to each school again to collect all the signed consent and assent
forms. At this point, the teacher was requested to leave the classroom until all the consent forms
were collected from the students. When collecting the assent forms from the under 18 age group
of students, the researcher verified that a signed parental consent form also accompanied the

assent form.

After receiving the signed assent and consent forms, a date was fixed for each school to
conduct the study in consultation with the teachers. The Humatan game was deployed on each
computer at the school on the day before data collection in the assigned computer lab and was
tested thoroughly. The researcher visited the classroom again to inform every student that
whoever had given their consent to participate in the study should come to the computer lab

during the specified date and time.

Finally, on the day of the data collection, in the absence of the teacher, the students were
given a final opportunity to withdraw from the study. The researcher explained the study one
more time orally and the students were told that they could at that time also withdraw from the

study.

Thus, it was explained to the students on three occasions the purpose of the study and the

voluntary nature of the research:
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1. In the beginning, when the researcher went to the classroom and explained the
study
2. On asecond occasion through the parental consent form, written consent and
assent forms
3. Finally, on the day of the research, an oral explanation right before the start of the
data collection procedure
Therefore the students had sufficient opportunities to think about the study and make an

informed decision about their participation.

Step 1: Students who had the consent and/or assent forms properly filled-in and who had
agreed to participate in the study were randomly assigned to different computers on the day of

data collection.

Students were randomly assigned to one of the following four groups:

1. One group played the game with only fantasy turned on.

2. One group played the game with only challenges turned on.
3. One group played the game with both features turned on.

4. One group played the game with neither feature turned on.

Step 2: Each computer was installed with one of the game variations (Challenge On,
Fantasy On, Challenge and Fantasy On, Challenge and Fantasy Off). Each computer having a
particular game variation was considered a separate instance of the game variation. In order to
start, each student clicked on a link, which generated a unique 1D based on the variation and
instance of the game installed on the computer and this unique 1D was pre-programmed

electronically into each form in each computer.
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Thus, when students were randomly assigned to a computer, they automatically got

assigned to a particular variation and instance of the game, and thereby to a unique ID.

The forms in the computer did not display the ID to the student, but were tagged with the
ID internally. When the form data was stored, it was stored along with this 1D, and was in no

way connected back to the student.

Step 3: How was the unique ID assigned to the student? When a student sat next to a
particular computer, the unique ID pre-programmed in the computer was automatically assigned
to the student. The student did not know the unique ID. The forms in the computer also did not
display the unique ID but were automatically tagged with the appropriate unique ID. This step

was used to avoid human error in mistyped ID.

Step 4: When students clicked on the Internet link shortcut icon, they were presented with
pretests (See Appendices A — C). Once they completed the pretests, they began playing the
game. At the end of the game, the students were shown the posttests (See Appendices D — F).
Once they completed the posttests, the students were shown the survey form. The survey was
designed not to ask students for any personally identifiable information such as name or student
ID. Question number 12 on the survey instrument was intended to capture the student’s GPA

range as follows:

Under what range does your current Grade Point Average (GPA) fall? (Circle only one

choice. Please do not provide the actual GPA.)
40-35
3.0-34

20-29
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Below 2.0

Step 5: On completion of the survey, the students submitted the form, and exited the
system. The pretest, posttest and survey forms were automatically saved into a password

protected online database.

The pretest and the posttest consist of identification test, terminology test and
comprehension test. These tests were modeled after Dwyer and Dwyer (1987) and Cameron and
Dwyer (2005) criterion tests. There were two versions of each test, one pretest and one posttest.

All the six tests (three pretests and three posttests) are attached in the Appendix A - F.
Identification test

The purpose of the Identification test was to assess student ability to identify the skeletal
parts. The skeleton of a human body was shown, marked with numbers. The students were asked
to match the appropriate skeletal parts with numbers. Please see the Appendix A for the pretest

identification test instrument.
Terminology test

The Terminology test was designed to assess whether students could identify the bone
and its common name. For example a picture of the clavicle was provided with the following

options:
Clavicle

A. Collarbone
B. Jawbone
C. Wrist

D. Spine
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Comprehension test

This Comprehension test was intended to evaluate students’ knowledge of specific parts

of the human body associated with specific skeletal structure. For example:

Q: Where is Ulna placed?

A: Ulna is placed at the medial side of the forearm.

B: Ulna is placed at the medial side of the leg.

C: Ulna is placed at the frontal side of the forearm.

D: Ulna is placed at the medial side of the rib cage.

The pretest and the posttest are similar in format with different content. So the posttest

also consists of an Identification Test, a Terminology Test, and a Comprehension Test.
Survey

Apart from testing the effectiveness of the game and its educational features through the
pretest and posttest, a survey was administered to get details such as game skillfulness and

demographic details such as gender, ethnic background and GPA range.
The following information was collected through the survey:

e Gender

e GPA

e Game skillfulness

e Ethnicity
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The survey is attached in Appendix H.

Gender information

Gender information was collected against the student ID and this information was treated

as a covariate in the statistical analysis. The following question seeks gender information:

What is your gender?

a. Female
b. Male

GPA information

In order to get accurate GPA range, and avoid asking students to recollect from memory,
BCPS was requested to release the GPA scores to individual students by their teacher. The GPA
information was released only to students. The students did not report the GPA in the survey, but
only selected the GPA range in the survey. This ensured that there was no violation of the Family

Educational Rights and Privacy Act (FERPA).

The entire process took about 45-60 minutes and it was done during the regular class
time, when Biology was taught. The subject matter addressed in the Humatan game is the
Human Skeletal System, which is part of the biology curriculum. Biology teachers were

requested to give one class period to conduct the research.

SES information

The Socioeconomic status (SES) information was obtained from the percentage of
students enrolled in the free and reduced meal scheme offered by BCPS. Table 7 shows the

income level eligibility for free and reduced meal scheme:
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Table 7 — Income Eligibility Chart for the free and reduced meal scheme (Effective July 1, 2010

to June 30, 2011)

Household Size Annual [Monthly| Twice Per Every Two| Weekly
Month Weeks

1 $20,036| $1,670 $ 835 $771 $ 386
2 26,955 2,247 1,124 1,037 519
3 33,874 2,823 1,412 1,303 652
4 40,793| 3,400 1,700 1,569 785
5 47,712| 3,976 1,988 1,836 918
6 54,631| 4,553 2,277 2,102 1,051
7 61,550, 5,130 2,565 2,368 1,184
8 68,469 5,706 2,853 2,634 1,317
For each additional $ 6,919 $577 $ 289 $ 267 $ 134
member add

The SES information was obtained from the percentage of students who receive free and
reduced-meals from the school to see whether it had any effect on the learning outcome. The
data was provided by BCPS and has been used in the analysis. It is important to note that the
SES information provided by BCPS is not for individual students but for the entire participating
school. Some scholars disagree on how to define and categorize SES. Scholars (Arhar &

Kromrey, 1995, Astin & Oseguera, 2004) classify SES as high, middle and low.

Schools were divided into three SES levels, namely, high, middle, and low. Schools
having below or equal to 33.33% of farms data (students who receive free or reduced-meal) were
classified as a high SES school. Schools with 33.34% to 66.67% of students who receive free
and reduced-meal were categorized as middle SES. Anything above 66.67% was classified as

low SES.

111



Table 8 shows the Socioeconomic Status classification for the schools that participated in

the study, based on the information provided by BCPS.

Table 8 — SES classification levels for participating schools

Schools

Catonsville
Chesapeake
Dundalk
Hereford
Lansdowne

Loch Raven

Perry Hall High

Towson High

Percentage of students receiving Free and

Reduced-Meal (FARMS)

27.2%
60.6%
66.1%
6.9%

53.3%

26.0%

23.1%

14.6%

SES classification

High
Middle
Middle
High
Middle

High

High

High
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Game skillfulness information

The survey contains questions regarding students’ perception about their game skills and
familiarity with different video game consoles, apart from the demographic details mentioned
previously such as gender and grade level, and additionally ethnicity. The game skillfulness

survey can be found in Appendix G.

Data preparation and data logging

All the initial data was entered onto an Excel file and later transferred to the standard
statistical package SPSS. A codebook was developed for the survey instrument. The important
aspect of the codebook was to allocate an identifying number or code to each answer. By doing
this, we are converting our human-readable-survey to machine-readable data. Each answer to a
particular question was given a distinctive code. This code was fed into the computer and the
code thereafter represented a particular response to a given question. The survey codebooks are

attached in Appendix H and Appendix I.

Code checking procedures

For the present study, SPSS statistical software package was used to do the data-entry.
While entering the data, to ensure a high level of data accuracy, a double entry procedure was
followed. The double entry procedure was meant to check the second entries against the first

entries and report any discrepancy. No discrepancy was found in the data.

Using SPSS, the researcher also checked the validity of the range of data entered into the
statistical package. Any code outside the range specified (as mentioned under “valid codes’ in the
code book) was considered invalid and needed correction. In SPSS, the researcher set the

frequencies at the data entry stage, and made sure that correct data was entered.
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Data analysis
A total number of 254 students from nine high schools in BCPS participated in the study.

Out of 254 students, only 202 students successfully completed all the steps of the data collection:

Step 1.  Taking the pretest

Step 2.  Playing the game

Step 3.  Taking the posttest and the survey
The remaining 51 students took only the pretest and played the game, but were unable to
complete the posttest. The reason for this non-usable data can be attributed to the following

reasons:

1. The Humatan game has multiple levels. Unless students finish one level, they cannot
proceed to the next level in order to complete the game. Students kept playing the game and
spent more time in the game, and hence did not have time to attempt the post-test. Despite
reminding the students how much time they had left to complete the game and the posttest, some

of them continued to play the game.

2. During data collection in one school, right after the students started playing the game
(after finishing the pre-test), a small fire broke-out and it became necessary to evacuate everyone
from the building. Students were allowed back only after two hours and they could not complete

the study.

3. Due to excess heat in Baltimore, many classes were shortened on some of the data

collection days. Consequently the students hardly had time to complete the study.

Demographics of the participants
Table 9 gives the demographic details of the students who participated in the study.
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Table 9 — Students Demographics

Total number of schools participated
Total number of participants
Total number of participants who completed both pre and posttests
Students’ gender*

Number of female participants

Number of male participants
Average GPA of the participants***
Students Ethnic Background**

African descent

Asian

European

Hispanic

Middle-Eastern

Native American

Students and game features

254

202

121

79

3.0

56

12

112

Number of students who played the game with only challenge-on 48

Number of students who played the game with only fantasy-on
Number of students who played the game with only both-on

Number of students who played the game with only none-on

52

52

50

* 2 participants did not report their gender.
** 7 participants did not report their ethnic background.

*** 2 participants did not report their GPA.
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Validity check

There is a widespread agreement among scholars that the “interaction of pretesting and
treatment comes into play when the pretest sensitizes participants so that they respond to the
treatment differently than they would with no pretest” (Dimitrov & Rumrill, 2003, p. 160). As
Bellini and Rumrill (2009) mention that there are several threats to the external validity of the
study. These threats include interaction effects of selection biases and treatment, reactive
interaction effect of pretesting, reactive effect of experimental procedures, and multiple-
treatment interferences. In an experiment design where subjects are assigned randomly, a testing
threat arises when the pretest and posttest are the same. The potential for testing threat can affect
the internal validity of the study. This is because the pretest may prime the subjects toward the
posttest, which may result in a better posttest score where the improvement in the scores is not

due to intervention (Shadish, Cook & Campbell, 2002, Trochim, 2000).

In the current study, in order to avoid pretest sensitization, the researcher had similar and
equivalent tests with a different set of questions. Both the tests contained 40 questions each. Out
of these 40 questions, 60% of the questions (24 questions) were exactly the same. The remaining
40% of the questions were different. Another consideration is that, when the time difference
between the pretest and the posttest is short, students might get even more sensitized because of
the pretest. The duration between the pretests and posttests was about 20-25 minutes, during
which the students played the Humatan game. Thus in order to reduce the chances of getting

primed due to pretest, 40% of the questions was changed.

When the pretest is different from the posttest, the internal validity of the study is

susceptible to instrumentation threat. In order to eliminate the instrumentation threat, a
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comparison was made between the pretest and the posttest taking only the common questions

from both tests.

So, first the testing threat was minimized by having non-equivalent pretests and posttests.
Later, only common questions were taken from both the sides to minimize the instrumentation

threat.

Gain scores

Scholars suggest two main ways to estimate the average treatment effect in a pretest
posttest experiment: the gain score and the covariance adjustment estimator. The gain score is
obtained using the following formula: Gain Score = Posttest Score — Pretest Score. In the
analysis of covariance (ANCOVA), the posttest is the dependent variable and the pretest is the
covariate. For the present study the researcher used ANOVA on gain score instead of ANCOVA.
There is a growing literature (Cribbie & Jamieson, 2004, Dimitrov & Rumrill, 2003) that
supports the use of ANOVA on gain score over ANCOVA. ANOVA on gain score tests the
hypothesis of equivalence of mean differences, regardless of the pretest differences between
groups (Cribbie & Jamieson, 2004). Further Cribbie and Jamieson maintain that gain scores are
"assumed to yield unbiased estimates of a treatment effect which is additive and independent of
pretest level” (p. 38). Dimitrov and Rumrill (2003) emphasize that "the reliability of gain scores

is high in many practical situations™ (p. 164).

Chapter summary
Challenge and fantasy were identified as the two main instructional game features to be
studied in this research. This section discussed one important independent variable known as

feature with four levels: challenge on, fantasy on, both on and none on. The feedback feature was
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kept as a constant. Gender, GPA, game skillfulness, SES and ethnicity were considered as
covariates. Gain score (posttest score — pretest score) was identified as the dependent variable.
To answer the main research question of the study regarding game features three hypotheses
stated. It is important to note that these hypotheses are stated as alternative hypotheses. It was

recognized that the statistical testing was conducted against the null hypotheses.
H1: A game that has challenge will positively impact learning.
H2: A game that has fantasy will positively impact learning.

H3: A game that has both challenge and fantasy features will have a higher positive
impact on learning than a game with one of these features as well as a game with none of

these features.

To test the hypotheses, an instructional game called Humatan was designed to teach
human anatomy to high school students. Four different versions of the game were used to find
the effect of challenge and fantasy on learning in an instructional game. A total number of 254
students from nine schools affiliated to BCPS participated in the research study. Out of 254

students 202 students completed all the required steps of the data collection.
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Chapter IV: Results

Introduction

A good friend of mine once said that she did not like Chemistry for the simple reason that
invariably she would fall asleep in class because the teacher would never engage the students.
The teacher constantly lectured or wrote some formulae and notes on the blackboard. Now when
she looks at the potential of video games and how they engage students, she said that she would
love to go back and learn Chemistry again. Marc Prensky (2001) shows the contrast between the
Electronic Expo (E3) in Los Angeles, an event focused on electronic and video games, and the
American Society of Trainers and Developers (ASTD)’s annual convention, an educational

conference:

And everywhere, amid the sound, lights, music and dancing girls, shines the glow of
thousands of the latest, largest, flat-panel computer screens with the newest, greatest,
still-to-be-finished games set out like appetizers to be test-driven by attendees. Many
have waiting lines several people deep, despite multiple instances. The crowd is young,
almost exclusively in their 20s and early 30s, and full of energy. They are not skeptics,
but participants — possibly even addicts — eager for this year’s new dose. This is FUN!

This is the entertainment world. These, ladies and gentlemen, are today’s trainees. (p. 2)
Now the teachers:

Dallas, just one week later. The American Society of Trainers and Developers (ASTD)’s
annual convention. The total exhibit floor is less than one tenth the space of E3 — less
than only one of its big halls. Most booths are the minimum 4 ft x 8 ft, and no booth is

larger than eight or ten of the smallest ones. There is no music. No fancy lights. No noise.
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No lines. Certainly no dancing girls. The energy level is low — maybe 1/50™ off that of
E3. There are maybe 1/50™ of the people as well, mostly in their 30s, 40s and 50s,
meandering at glacial speeds along straight aisles from tiny booth to tiny booth. ... This is

BORING! This is the learning world. These, Ladies and gentlemen, are today’s trainers

(p.2).

Marc Prensky goes on to comment that the first group is today’s trainees, the second is
today’s trainers, and notes that “the learning world” (p. 2) is boring. His idea directly relates to
my friend’s dislike towards Chemistry. Teachers do not engage the student community in ways
students would consider fun. During this study, the overall reaction towards the Humatan game
was that the students had fun playing the game. And the best part of it was one of the teachers
expressing his surprise that the students remained engrossed in the Humatan game for the entire

duration of the study without getting distracted.

There were many similar anecdotal evidences that support the use of games for
instructional purposes. The goal of this study is to determine whether instructional games
augment learning and secondly to find out the impact of the challenge and fantasy features on
learning. In this chapter | describe various quantitative analyses of the data. In order to compare
the effect of two independent variables described in the hypotheses namely, challenge and
fantasy, a one-way between subjects fixed factor Analysis of Variance (ANOVA) was
conducted. Several factorial ANOVAs were also conducted to find the effect of Gender, GPA,

SES, Ethnic Origin and Game skillfulness.
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Statistical analysis

This section describes the various statistical analyses conducted and the results. In the
current study we used pre and posttests to measure learning. The reliability of the instruments
can be determined in two ways (Zumbo, 1999): one is through test — retest approach and the
other is by calculating the Cronbach Alpha. Often times test — retest is impractical and the
Cronbach alpha gives a way to measure the reliability of measurement intended in a study
(Zumbo, 1999). Therefore in order to determine the reliability of measurements in the study, the

reliability test for the pretest and posttest was conducted.

Rationale to determine Cronbach Alpha coefficient

The need to determine the Cronbach Alpha coefficient for the current study can be
illustrated with a small example: Assume that a student knows answers to 90 questions out of
100 questions in an exam, but by sheer guessing (or chance), the student obtained a score of 95.
So, the true score of the student is 90 and the observed score is 95 due to a measurement error. A
reliable test instrument should reduce the measurement error, so that the relationship between the
true score and the observed score is strong. The relationship between the true and observed
scores is examined through the Cronbach Alpha coefficient. The reliability is the proportion of
the true score to the observed score, and the higher the proportion is, greater the consistency of
the resulting measures (Sprinthall, 2003). For the present study, the Cronbach Alpha coefficient
was .889, which shows that both pre and posttests have a good internal consistency by
conventional standards. Gliem and Gliem (2003) mention that the closer Cronbach’s Alpha

coefficient is to 1.0 the greater the internal consistency of the items in the scale.
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Paired Samples t-test

Next a paired samples t-test was conducted in order to find whether games (the
intervention) made a difference in the pretest vs. the posttest. If there is no difference in the
scores between the pretest and posttest, then there is no need for further statistical analysis,
because the intervention, namely the game, did not improve learning. However, if there is a
difference in the scores between the pretest and posttest, that shows the intervention did improve
learning, and thus it is important to find where this difference comes from (for example, which
group; the group that played challenge only version; or the group that played both the versions
turned on etc.). In order to find the differences, an Analysis of Variance (ANOVA) needs to be

conducted. Thus a paired samples t-test needs to be conducted first:

A paired samples t-test was conducted to see if there is a significant difference between

the pretest and posttests and the findings are reported in Table 10:

Table 10 — Paired Samples Statistics

Std. Std. Error

Mean N Deviation Mean
Pre Score 11.80 202 5.703 401
Post Score 15.20 202 5.892 415

From the paired samples t-test results we can see that there was a significant difference in
the posttest scores (M=15.20, SD=5.892) and the pretest scores (M=11.80, SD=5.703); t (201) =
-13.182, p = 0.000. These results suggest that the Humatan game does facilitate learning.
Specifically, the results suggest that when students play an instructional game, their learning
does increase as reported in the posttest scores. Also, there is a strong positive correlation (r =
.800), which indicates that the students who did well on the pretest also did well on the posttest.

This result is in concurrence with previous studies (Kebritchi, Hirumi & Bai 2010; Coller &
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Scott, 2009; Papastergiou, 2009; Tuzun, Yilmaz-Soylu, Karakus, Inal & Kizilkaya, 2009; Ke &
Grabowski, 2007; Ke, 2008; Vogel, Vogel, Cannon-Bowers, Bowers, Muse & Wright, 2006;
Lee, Luchini, Michael & Norris, 2004) which have investigated the effect of instructional games
on learning achievement. The discussion section of this dissertation compares and contrasts the

significant results obtained in the current study with previous research studies.

Analysis of variance

There were three hypotheses stated in the study:

H1: A game that has challenge will positively impact learning.

H2: A game that has fantasy will positively impact learning.

H3: A game that has both challenge and fantasy features will have a higher positive
impact on learning than a game with one of these features as well as a game with none of

these features.

To test the study’s research hypotheses, the researcher looked for the main effects of
challenge and fantasy on the dependent variable posttest score minus pretest score, known as
gain score. Since the hypotheses stated above are directional, a one-way between subjects
ANOVA was conducted to compare the effect of the two features challenge and fantasy on
student learning while playing an educational video game. Group means and standard deviations

of the gain score are reported in Table 11, which contains descriptive statistics for the study.
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Table 11 — Descriptive Statistics for Gain Score

95% Confidence
Interval for Mean
Std. Std. Lower Upper Minim Maxim
N Mean Deviation Error Bound Bound um um
None on 50 298 3.43 48 2.01 3.95 -3.00 11.00
Challenge 48 5.08 3.33 48 412 6.05 .00 12.00
on
Fantasyon 52 273 4.29 .59 1.54 3.93 -4.00 16.00
Both on 52 2.92 3.09 43 2.06 3.78 -3.00 9.00
Total 202 3.40 3.67 .26 2.89 3.91 -4.00 16.00

There was a significant effect on learning at the p<.05 level for the instructional game
with features, F (3, 198) = 4.71, p = 0.003 (Table 12). Post hoc comparisons using the Tukey
HSD test (Table 13) indicated that the mean score for the game that had the challenge feature
enabled (M =5.08, SD = 3.33) was significantly different than the game that had the fantasy
feature enabled (M = 2.73, SD = 4.29). However, the game wherein both the features were
turned on (M = 2.92, SD = 3.09) did not significantly differ from the game wherein bare
minimum features were turned on (M = 2.98, SD = 3.43). Taken together, these results suggest
that the presence of the challenge feature has a significant effect on learning. Specifically, our
results suggest that when an instructional game has the challenge feature, learning improves.
However, having a fantasy element can distract the students, resulting in a lower score. In this
study, when challenge and fantasy were combined together, fantasy actually lowered the overall
posttest score. The current results suggest that having a challenge feature positively augments

learning and having a fantasy feature in an educational game does not support learning.
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Table 12 provides the ANOVA results indicating that an instructional game like Humatan
causes a significant increase in learning indicated by increased gain scores.

Table 12 — Analysis of Variance

Gain Score

Sum of Mean

Squares df Square F Sig.
Between 179.950 3 59.983 4,708 .003
Groups
Within Groups 2522.570 198 12.740
Total 2702.520 201
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Table 13 provides the results of performing a multiple group comparison using the Tukey test
to find out which means are significantly different from one another.
Table 13 — Multiple Group Comparisons: Post Hoc Tests

Gain Score: Tukey HSD

Mean 95% Confidence Interval
Difference Lower Upper

(I) Feature (J) Feature (1-J) Std. Error  Sig. Bound Bound
None on Challengeon  -2.10333" 12127 020 -3.9721 -.2345

only

Fantasy on 24923 .70697 985  -1.5825 2.0810

only

Both on .05692 .70697 1.000 -1.7748 1.8887
Challenge on ~ None on 2.35256" 12127 020 .2345 3.9721
only Fantasy on 2.16026" 11444 .006  .5015 4.2037

only

Both on 71444 015 .3092 4.0114
Fantasy on None on -.24923 .70697 985 -2.0810 1.5825
only Challenge on 71444 006 -4.2037 -.5015

only

Both on -.19231 .70001 993  -2.0060 1.6214
Both on None on -.05692 .70697 1.000 -1.8887 1.7748

Challenge on 71444 015 -4.0114 -.3092

only

Fantasy on 19231 .70001 993 -1.6214 2.0060

only

*, The mean difference is significant at the 0.05 level.

One of the assumptions of ANOVA is that groups have approximately equal variance on
the dependent variable, that is, the gain score. Levene's test of homogeneity of variances was
performed in order to check the validity of the equal variance assumption. From Levene’s Test of

homogeneity of variances, it is evident that the significance is .467, which is greater than .05,
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and it can be assumed that the variances are approximately equal and the study met one of the
assumptions of ANOVA.

Figure 13 gives a graphical representation of the mean gain scores obtained by students
who played different variations of the Humatan game.

Figure 13 — Mean Gain Score for the different variations of the Humatan game
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Factorial design analysis

In order to determine whether gender, GPA, SES, game skillfulness and ethnicity
contribute to any of the variances, individual factorial design analysis was conducted to find out
the main effects and the interaction effects of these covariates. Specifically, the factorial design
analysis was conducted to address the following research questions which were posed earlier:

1. Are there significant mean differences for achievement scores between Male and
Female students?

2. Are there significant mean differences for achievement scores between students with
high GPA and low GPA?

3. Are there significant mean differences for achievement scores between students with
high SES and low SES?

4. Are there significant mean differences for achievement scores between students with
different levels of students’ perceptions about their game skillfulness?

5. Are there significant mean differences for achievement scores between students of

various ethnic backgrounds?

Gender

A two-way between-groups analysis of variance was conducted to find the effect of game
features and gender on gain score. A total of 121 female students and 79 male students
participated in the study. Table 14 shows the mean scores of each gender in different game
versions. Four groups of students played four different versions of the game containing the

following features: Both On, Challenge On, Fantasy On, and None On.
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Table 14 — Descriptive Statistics
Dependent Variable: Gain Score

Std.
Feature Gender Mean  Deviation N
None on Female 3.0938 3.37313 32
Male 2.7778 3.60646 18
Total 2.9800 3.42553 50
Challenge on  Female 5.5185 3.57739 27
only Male  4.3500 2.94288 20
Total 5.0213 3.33942 47
Fantasy on Female 3.4688 4.71774 32
only Male 1.6316 3.33684 19
Total 2.7843 4.31423 51
Both on Female 2.9333 2.91173 30
Male  2.9091 3.39340 22
Total 2.9231 3.09234 52
Total Female 3.6942 3.80973 121
Male 2.9367 3.39812 79
Total 3.3950 3.66279 200

Table 15 shows the interaction effects of gender and the game features. The interaction

effect between gender and game feature was not statistically significant, F (3, 192) = .65, p=.509.

There was a statistically significant main effect found for game feature F (3, 192) = 4.26, p=.006.

Post-hoc comparisons using the Tukey HSD test indicated that the mean score for the challenge

feature (M =5.02, SD =3.43) was different from none on feature (M = 2.98, SD =3.43). Both on

(M =2.92, SD = 3.09) and Fantasy on (M=2.78, SD = 4.31) features did not differ significantly

from either challenge or none on. The main effect of gender, F (1, 192) = 2.61, p=.11, did not

reach statistical significance.
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Table 15 — Tests of Between-Subjects Effects: Gender and Features
Dependent Variable: Gain Score

Type Il

Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected 220.60° 7 31.51 2.47 .019 .083
Model
Intercept 2115.74 1 2115.74 165.86 .000 .463
Feature 162.89 3 54.30 4.26 .006 .062
Gender 33.27 1 33.27 2.61 108 .013
Feature * 24.697 3 8.23 .65 587 .010
Gender
Error 2449.20 192 12.76
Total 4975.0 200
Corrected 2669.80 199
Total

a. R Squared = .083 (Adjusted R Squared = .049)

Figure 14 is a graphical representation of the mean gain scores achieved by male and

female students for different variations of the Humatan game.
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Figure 14 — Profile plots for the different variations of the Humatan game based on gender
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Students were asked to report their GPA in the survey and they were asked to select from

the following GPA ranges as approved by BCPS:

a. 40-3.5
b. 3.0-34
c. 20-29

d. Below 2.0

In order to find the effect of game features and GPA on gain scores a factorial ANOVA
was conducted. A total of six students reported their GPA below 2.0. 49 students reported their
GPA in the range 2.0 - 2.9. 75 students reported their GPA in the range 3.0 - 3.4 and 70 students
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reported their GPA in the range 3.5 - 4.0. Table 16 shows the mean scores of each GPA group in

different game versions.

Table 16 — Descriptive Statistics for students with different GPA range

Dependent Variable: Gain Score

Std.
Feature GPA Mean Deviation N
None on below 2.0 10.0000 . 1
20-29 19000 272641 10
3.0-34 34444  3.38927 27
35-4.0 22500 3.51943 12
Total 2.9800  3.42553 50
Challengeon 2.0-29 46364 3.13920 11
only 3.0-34 40625 295452 16
35-4.0 6.0952 3.54831 21
Total 5.0833  3.33156 48
Fantasy on below 2.0 -.6000  2.40832 5
only 20-2.9 50000 3.05505 7
30-34 33810 5.30543 21
35-4.0 22222 3.22774 18
Total 2.8039  4.29893 51
Both on 20-2.9 31429 3.13506 21
3.0-34 29091 3.08073 11
35-4.0 28947 3.16043 19
Total 3.0000 3.07246 51
Total below 2.0 1.1667 4.83391 6
20-2.9 34898  3.14988 49
3.0-34 34800 3.84975 75
35-4.0 35714 3.69320 70
Total 3.4450  3.65840 200

Table 17 shows the two-way ANOVA results, which was conducted to see whether GPA
had any interaction effect with the Humatan game features. The interaction effect between GPA

and game feature was statistically significant, F (7, 186) = 2.34, p=.026; however, the effect size

132



was small (partial eta squared = .08). To confirm such a small effect size, another one way
ANOVA between the GPA and the gain score was conducted and the results were not
significant. There was a statistically significant main effect found for game feature F (3, 186) =
4.21, p=.007. Post-hoc comparisons using the Tukey HSD test indicated that the mean score for
the challenge feature (M =5.02, SD =3.43) was different from none on feature (M = 2.98, SD
=3.43). Both on (M = 2.92, SD = 3.09) and Fantasy on (M=2.78, SD = 4.31) features did not
differ significantly from either challenge or none on. The main effect of GPA, F (3, 186) = .32,

p=.81, did not reach statistical significance.

Table 17 — Tests of Between-Subjects: GPA and Features
Dependent Variable: Gain Score

Type Il Sum Partial Eta
Source of Squares df Mean Square F Sig. Squared
Corrected 389.75° 13 29.98 2.45 .004 .146
Model
Intercept 857.41 1 857.41 70.14 .000 .274
Feature 154.25 3 51.42 4.21 .007 .064
GPA 11.77 3 3.92 .32 .810 .005
Feature * GPA 200.52 7 28.65 2.34 026 .081
Error 2273.64 186 12.22
Total 5037.00 200
Corrected Total 2663.40 199

a. R Squared = .146 (Adjusted R Squared = .087)

Significant interaction: Paradoxical effect

For students whose GPA range was between 2.0 — 2.9, the gain score was high for the
group with challenge on (M = 4.64, SD = 3.14) and higher still for the group with fantasy on (M
=5.0, SD = 3.06), but when both fantasy and challenge were turned on, the gain score was lower

than with the individual features turned on. For students whose GPA range was between 3.0 -

133



3.4, the feature of challenge was the most helpful (M = 4.06, SD=2.95) while fantasy (M = 3.38,
SD =5.30) and no-feature (M = 3.44, SD=3.39) had a low gain score. For students whose GPA
range was between 3.5 — 4.0 however, having both features together (M = 2.89, SD = 3.16)
actually showed an increased gain score in comparison with those in the same GPA range who
played with no features (M= 2.25, SD= 3.51) as well as those who played with the fantasy
feature on (M = 2.22, SD= 3.23). Also, it was this group (3.5 — 4.0) that showed the highest gain
score in comparison with the other GPA ranges when they played with only the challenge feature
turned on (M = 6.09, SD = 3.55). The interaction effects do not seem to follow any specific
pattern or logic. Such interaction effects are known as “paradoxical effects” (p. 342, Sprinthall,
2003).

From Figure 15, we can see that the mean gain scores obtained by students GPA ranges

do not follow any specific patterns, which is known as a paradoxical effect.
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Figure 15 — Profile plots for the different variations of the Humatan game based on GPA
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SES

In order to find the effect of game features and the Socioeconomic Status (SES) of the

students on the gain score, a two-way ANOVA was conducted. As mentioned earlier, the SES

status was obtained from the percentage of students who receive free and reduced-meal data

provided by BCPS. The data provided was aggregated data for the schools. Out of 202 students,

65 students attended from schools classified as middle SES and 135 students attended schools

classified as high SES. Table 18 shows the interaction between SES and game features, and from

the results we can see that there is no significant interaction between SES and the features on the

gain score.

Table 18 — Tests of Between-Subjects: SES and Features

Tests of Between-Subjects Effects
Dependent Variable: Gain Score

Type IlI

Sum of Mean Partial Eta
Source Squares Df Square F Sig. Squared
Corrected 206.919% 7 29.560 2.298 .029 077
Model
Intercept 1989.298 1 1989.298 154.642 .000 444
Feature 164.018 3 54.673 4.250 .006 .062
Socioeconomic 5.739 1 5.739 446 505 .002
Status
Feature * 19.860 3 6.620 515 673 .008
Socioeconomic
Status
Error 2495.601 194 12.864
Total 5039.000 202
Corrected 2702.520 201
Total

a. R Squared = .077 (Adjusted R Squared = .043)
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Game skillfulness

A two-way between-groups analysis of variance was conducted to find out the effect of
game features and game skillfulness on gain score. Out of 202 students, 31 perceived that they
were low skilled gamers. 106 students perceived that they were medium skilled gamers and 65
students reported that they were high skilled gamers. The interaction effect between game
skillfulness and game feature was not statistically significant, F (6, 190) = .92, p=.48. There was
a statistically significant main effect found for feature F (3, 190) = 5.01, p=.002. Table 19 shows
the main effect of game skillfulness, F (2, 190) = 1.24, p=.29, and we can infer that the effect of
game skillfulness on gain score did not reach statistical significance.

Table 19 — Tests of Between-Subjects: Game Skillfulness and Features

Dependent Variable: Gain Score

Type Il Sum Partial Eta
Source of Squares df  Mean Square F Sig. Squared
Corrected Model 289.578° 11 26.325 2.073 024 107
Intercept 1809.662 1 1809.662 142.497  .000 429
Feature 191.012 3 63.671 5.014 .002 073
Game 31.396 2 15.698 1.236 293 013
skillfulness
Feature * Game 70.036 6 11.673 919 482 .028
skillfulness
Error 2412.941 190 12.700
Total 5039.000 202

Corrected Total 2702.520 201
a. R Squared = .107 (Adjusted R Squared = .055)
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Ethnic origin

Finally, we asked students to report their ethnic origin. Out of 202 total participants, 56
students were of African descent, 12 students of Asian descent, 112 students of European
background, one student from Middle Eastern descent, five students from Native American
descent, and nine students from Hispanic descent. Seven students did not report their ethnic
background. A two-way between-groups analysis of variance was conducted to find the effect of
game features and ethnicity on gain score. From the Table 20, we could see that the interaction
effect between ethnicity and game feature was not statistically significant, F (12, 180) = 1.31,
p=.22. The main effect of the game feature was not statistically significant F (3, 180) = 1.45,
p=.23. The main effect of ethnicity, F (6, 180) = .78, p=.58, did not reach statistical significance.

Table 20 — Tests of Between-Subjects: Ethnicity and Features

Dependent Variable: Gain Score

Type Il

Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected 419.964° 21  19.998 1.577 .059 155
Model
Intercept 393.590 1 393.590 31.038 .000 147
Feature 55.224 3 18.408 1.452  .229 024
Ethnicity 59.613 6 9.935 784 584 025
Feature * 198.523 12 16.544 1.305 .219 .080
Ethnicity
Error 2282.556 180 12.681
Total 5039.000 202
Corrected 2702.520 201
Total

a. R Squared = .155 (Adjusted R Squared = .057)
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Chapter summary
High school students from Baltimore County Public Schools (n=202) were randomly
assigned to play one of the following four versions of the Humatan game after taking a pretest on

human anatomy:

e A game with only the challenge feature turned on

e A game with only the fantasy feature turned on

e A game with both the challenge and fantasy features turned on

e A game with challenge and fantasy turned off
After playing the game, they also took a posttest and a survey to obtain information related to
their Grade Point Average (GPA), Socioeconomic Status (SES), game skillfulness, gender, and
the ethnicity. First in order to find the reliability of the study’s measurement, Cronbach Alpha
was calculated and the pre and post tests were found to have a good internal consistency with a
.889 Cronbach Alpha coefficient. Such a high Cronbach Alpha value indicates that the
measurements used in the study are reliable. If the Cronbach Alpha value was low then the gain

score variance was due to chance and not because of the intervention, namely playing the game.

A paired sample t-test results indicated a significant difference in the posttest mean and
pretest mean, which shows that games do motivate students towards better learning. A one-way
between subjects ANOVA was conducted to compare the effects of challenge and fantasy on
learning. Levene’s test of homogeneity of variances showed that the experimental groups had
equal variances on the gain score. A significant improvement in learning was indicated with both
challenge and fantasy features turned on. A post-hoc comparison found that the impact of the

challenge feature was statistically significant, F (3, 198) = 4.71, p = .003. Students who played
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with only the fantasy feature turned on (n=52) obtained the lowest average gain score. This
implies that the challenge feature significantly improved learning and the fantasy feature did not
significantly improve learning. The other covariates such as gender, GPA, SES, Ethnicity, and
game skillfulness did not affect the learning outcome in a statistically significant manner. The

next chapter contains a discussion of the implications of these results.

140



Chapter V: Discussion

Introduction
Institute of Play is a corporation founded in 2007 by a group of game designers. Their
purpose is to promote learning through play. New York Times (2010) published an article about

their efforts and here is what a student had to say about these efforts during a video interview:

I thought it was pretty weird ‘cause | thought that the game would be boring. But it was
pretty fun. I actually enjoyed myself. My guess is parents would not bother you a lot
because this is like, an educational game, so you can play as much as you want (Corbett,

2010, 4:01)

Anecdotes like this lead us to believe that students like the gamification of the learning
process and parents support it. Scholars are increasingly interested in research that could lead to
designing educational games that are pedagogically effective as well as motivationally

interesting.

The current study tries to arrive at a roadmap for effective educational game design. In
this chapter, the results of the current study and how it might affect the future of instructional
game design are discussed. A comparison is drawn between the current study results and
previously conducted studies. Further in this chapter, implications of the present study in
instructional game design, limitations of the study and consideration for future research are also

addressed.

Discussion of the Findings
Overall, the Humatan game did motivate students to learn better, as indicated by the

overall increase in achievement scores. Several studies (Kebritchi, Hirumi & Bai 2010; Coller &
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Scott, 2009; Frederick, 2009; Papastergiou, 2009; Tuzun, Yilmaz-Soylu, Karakus, Inal &
Kizilkaya, 2009; Ke & Grabowski, 2007; Ke, 2008; VVogel, Vogel, Cannon-Bowers, Bowers,
Muse & Wright, 2006; Lee, Luchini, Michael & Norris, 2004) have investigated the effect of
instructional games on learning achievement. The current study’s findings support these previous

research studies.

In contrast to the studies mentioned above, Frederick (2009), through an empirical study,
concluded that using digital games was a motivating instructional method and students enjoyed
game based learning. However, Frederick’s study found no advantage in improving achievement
using text-based or video games over the traditional paper-based worksheets method. The

present study results were not in support of Frederick’s findings.

The focus of this study was to examine the impact of the challenge and fantasy features
on learning. These features, along with feedback, have been identified by scholars as the most
important features of an effective instructional game. Following were the three hypotheses stated

in the study:

H1: A game that has challenge will positively impact learning.

H2: A game that has fantasy will positively impact learning.

H3: A game that has both challenge and fantasy features will have a higher positive
impact on learning than a game with one of these features as well as a game with none of

these features.
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The following sections discuss each hypothesis and whether the study results support the
hypothesis, followed by the study results compared and contrasted with previous research

findings.

Challenge as a feature

In the current study, the first hypothesis, a game that has challenge will positively impact
learning, has empirical support, which is in congruence with earlier scholarly views about the
role of challenge in an instructional game (Shernoff, Csikzentmihalyi, Schneider & Shernoff,
2003; Fong-Ling, Rong-Chang & Sheng-Chin, 2009; Lucas & Sherry, 2004). Current study
results show that games with challenges lead to better learning. Challenge may aid in learning
because students feel a sense of achievement, and it may keep them engaged. Also, according to
positive psychologist Csikszentmihalyi (1991), when challenges go beyond one’s ability to meet
them, a person begins to feel anxiety. If a person’s ability is above the challenge that is provided
then the person experiences a sense of boredom. Since challenge as a feature consistently has a
significant mean score among several factors such as gender, GPA, SES and ethnicity, we can
assume that the Humatan game has provided an optimal level of challenge to students.

In his often-cited dissertation, Thomas Malone (1980) says that in order to make an
instructional game interesting, challenge is an important ingredient. To make a game interesting
challenge should have the following characteristics:

1. Variable difficulty level (can be determined by the game itself based on how well the

player does, or can be chosen by the player)

2. Multiple level goals (players are challenged at multiple levels)

3. Hidden information (surprise elements which provoke curiosity also contribute to the

challenge of the game)
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4. Randomness (the outcome of a game is made uncertain)
Out of these four characteristics, the Humatan game had two: Multiple level goals and hidden
information. Even with these two characteristics, the results are significant and in concurrence
with Malone's views about challenges in an instructional game. One of the contributions of the
current study is the empirical evidence of the role of challenge in an instructional game.
Previously scholars have identified challenge as an important element for entertainment games as
well as learning (Malone, 1981a; 1981b; Malone & Lepper, 1987; Norman, 1993; Bandura,
1997; Vorderer, Hartmann & Klimmt, 2003; Shernoff, Csikzentmihalyi, Schneider & Shernoff,
2003; Fong-Ling, Rong-Chang & Sheng-Chin, 2009; Lucas & Sherry, 2004). Many of the ideas
expressed by scholars are theoretical and the current study adds empirical evidence to the notion
that the challenge does play an important role in an instructional game. One of the ways the
current study adds to the existing literature is previous studies did not manipulate challenge as a
variable. In the current research, challenge was manipulated as a variable in an experimental
study design, in which the participants were assigned randomly to play the different versions of
the Humatan game. It is a difficult task to program multiple versions of a game in such a manner
that the challenge variable can be turned on or off, and this process is one of the ways in which

the current study adds to the existing literature.

Fantasy as a feature

With respect to the second hypothesis that having fantasy elements will positively
augment learning, and the third hypothesis that, both challenge and fantasy will positively impact
an instructional game, the findings were not statistically significant. Hence these two hypotheses
were not supported in the results of the current study. When compared to a game that had no

feature on, or a game that had only the challenge feature on, the mean gain scores were low in
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the game that had only fantasy turned-on and the game that had both challenge and fantasy
turned-on. We suspect that the low mean gain scores were due to the presence of the fantasy

feature in the game. The reasons for this conclusion are as follows:

1. Students showed a statistically significant improvement in learning in the game
with the challenge feature turned on.

2. They did not show a statistically significant improvement in learning in the game
with the fantasy feature turned on.

3. The mean gain scores of the group that played with both challenge and fantasy
features turned on were lower (M = 2.92) than the group that played with bare

minimum features turned on (M = 2.98).

Though there is a strong support in literature that endogenous fantasy helps in learning
(Malone, 1980; Rieber, 1996; 1996a; Van Eck, 2006; Gee, 2003; Kenny & Gunter, 2007), the
researcher did not find statistical support for the same in this study. The fantasy feature was
presented through an Egyptian storyline and imageries used in the game. One explanation could
be that these imageries and the storyline were rather distracting to the students and did not help
them to learn better. For the past thousands of years, one of the ways of passing on knowledge
from generation to generation was through stories and anecdotes. Fantasy is one of the main
ingredients of storytelling. Many stories are meant to convey a viewpoint or a moral that can be
extended to present scenarios. As mentioned in the literature (Parker & Lepper, 1992) one would
expect that fantasy leads to long-term retention of learning, as well as long-term attraction to the
game to repeatedly motivate them to play the game, which would again lead to long-term
revision and re-establishment of learning in the student. In an earlier study by Parker and Lepper

(1992), elementary school students (n=32) played a math game teaching geometry with fantasy
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and a version with less fantasy. The group that played with fantasy achieved a significant

increase in learning when a delayed posttest was conducted after two weeks. The group also

achieved an increase in learning in an immediate posttest for general learning of geometric

concepts, however this increase did not attain statistical significance. The current study differs

from Parker and Lepper in the following aspects:

1.

In the present study, the group that played with less fantasy scored higher than the
group that played with more fantasy. Whereas Parker and Lepper showed that the
group that played with less fantasy scored lower than the group that played with more
fantasy in the immediate posttest results.

The present study manipulated fantasy along with challenge, and the results showed
that the fantasy feature pulled down the positive effect of challenge, when the two
features were combined together.

The current study also differs from Parker and Lepper’s research in the context of
high school students studying biology and para-medical studies vs. elementary school
students using Logo programming for drawing shapes.

Also, the graphics capabilities and technologies available in the early 90s were less

immersive than the technology capabilities available today.

From the current study one could infer that in the short term, fantasy can probably be construed

as a distraction, as it takes away interest from learning, and instead places the interest on the

fantasy itself. In the present study, the total time to take the pretest, play the game, and take the

posttest, took only 45-50 minutes. In this short duration, the fantasy element probably held the

students’ attention more than the subject being learned. This could have resulted in more

distraction or cognitive overload.
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Cognitive overload

As mentioned earlier in the literature review chapter, scholars do mention that fantasy is
not a sufficient requirement towards learning (Asgari & Kaufman, 2004; Kenny & Gunter,
2007). Fantasy might distract students, and competing graphics and text might lead to cognitive
overload as well. Earlier I talked about Mayer and Moreno’s (2003) idea about how meaningful
learning “requires substantial cognitive processing using a cognitive system that has severe limits

on cognitive processing” (p . 45).

By including fantasy as an endogenous feature of the game, the learner might have been
subjected to cognitive overload, as two channels of information were being shown
simultaneously: the fantasy storyline, and the educational information. Thus, the learner might
have had to simultaneously process both the channels, and hence had a cognitive overload, when
compared with the game versions with challenge only, or no features turned on. From the
pictures provided here, we can see how the Egyptian background could be construed as
distracting when compared to the clean black background in the second level of the Humatan

game.

Another point to note is that fantasy environments invoked by stories and storytelling
improves information recall in the long term, whereas this study was conducted in a short
duration of 45 minutes. Weiten (2010) cites the experiment of Bower and Clark (1969), about
how narrative methods such as story construction increase the meaningfulness of the subject
learned and their recall. So, an interesting future study could be whether an educational game
with the fantasy feature, administered to students for a longer period of time, increases learning
or not. Another point to note is that fantasy environments are hooks to attract students to engage

in educational games. Thus, when considered over a longer period, students who have fantasy
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environment based games would be more compelled to play the game several times over the
period, which could result in better learning. Anecdotally, when a student saw the game that had
both fantasy as well as challenge features turned on, she told the researcher that she would rather

play that version of the game, than the one she was given, that had no fantasy feature turned on.

A longitudinal study about the effects of fantasy in an instructional video game might
help to give insights into whether fantasy helps to improve learning in the long term. Yet another
possible study could be about how much fantasy should be included in a game. In the first level
of the Humatan game, apart from the Egyptian fantasy storyline, the researcher added motion to
the game, so that it seemed like the players were in constant motion inside the palace. This could
be a cognitive distraction, which could have led to poorer absorption of the educational
information. Similarly, in the second level, there were several items in the room, like brightly
animated flame torches, Egyptian artifacts, which again, could have caused cognitive overload,
and the student may not have concentrated as well as in the other versions of the game.
Similarly, in the third level, the background had several compelling graphical elements.
Probably, there is a need to study the right amount of fantasy that when included, enhances
learning, but at the same time, does not distract the learner from the subject being studied.
Figures 16 and 17 show the difference between the game variations, when the fantasy feature is
turned on versus when kept at bare minimum. From these two figures we can see that a non-

distracting background helped students to learn better.
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Figure 16 — Humatan Game Second Level: Challenge-on Game version (Students gained high

scores when they used the Challenge-on game version)
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Figure 17 — Humatan Game Second Level: Fantasy On Game version (Students got low scores

when used the Fantasy On feature game)
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Gender

As mentioned earlier in the literature review section, previously many studies have been
conducted on gender differences when an instructional game is used for learning (Kinzie &
Dolly, 2008; Boyle & Connolly, 2008; Hartmann & Klimmt 2006; Kafai, 1998; Annetta,
Mangrum, Holmes, Collazo, & Cheng, 2009; Ke & Grabowski, 2007; Papastergiou, 2009; Kim
and Chang, 2010). Some of these studies, for example Kinzie and Dolly (2008) studied the
students’ primary preferences for activity mode (active, explorative, problem-solving, strategic,
social, and creative) in game play and reported that a significant difference existed between boys
and girls.

In another study, Hartmann and Klimmt (2006) concluded that females significantly
differed with respect to virtual social interactions in a gaming environment and portrayed
themselves as less competitive. For female students, winning was less important than for the
male counterparts, and they felt less self-confident about their ability to master competitive game
situations.

Similarly, there are studies in which no significant difference was found between male
and female students while using an instructional game (Annetta, Mangrum, Holmes, Collazo, &
Cheng, 2009; Ke & Grabowski, 2007; Papastergiou, 2009). So, from the literature there is
supporting evidence for both significant difference between the genders and no difference
between males and females. In the current study, there was no significant difference between

male and female students in the overall increase in achievement scores.

Socioeconomic Status
There was no statistical significance with respect to Socioeconomic Status main effects

on gain score. This supports previous research done by Ke and Grabowski (2007), in which the
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researchers found no statistical significance of SES on math performance using an instructional
game. However from figure 18, we can find that the challenge-on version helped students in the
high SES group perform better than the middle SES group. Including both features yielded a
paradoxical effect (Sprinthall, 2003), in which high SES students did better than middle SES
students. Figure 18 shows the paradoxical effect of Socioeconomic Status on gain score, which
does not seem to follow any specific pattern or logic. This study also recognizes that the SES
information was obtained from the BCPS as an aggregate data by school, and not individual data
from the students. This is a big limitation and needs to be remembered while reading the effects

of SES on learning.

152



Figure 18 — SES Main effect on Gain Score
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GPA
There was no statistical significance of the main effect between students’ reported GPA
and the gain score. However, the Humatan game with the challenge-on feature helped students to

achieve better for the following GPA group: 2.0-2.9,3.0-3.4,3.5-4.0.

Game skillfulness
There was no statistical significance in the correlation between the perceived game

skillfulness of the students and the gain score. Students who perceived their game skillfulness as
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high when compared with students who felt their game skillfulness ranged from medium to low,

did not show a significant higher mean gain score.

From the profile plot (Figure 19), it can be seen that the Humatan game seemed to help
low-skilled gamers to achieve more increase in gain score when compared with the medium and
high-skilled gamers, although the difference did not reach statistical significance. The difference
was apparent, particularly, in the case of low-skilled gamers who played the game with only the
challenge feature turned on. The reason for this could be attributed to the fact that the challenge
feature helped to retain the player at the same level for a longer period of time than the medium
and high-skilled players, who quickly passed the various hurdles to reach the end of the game.
This extra time spent by the low-skilled players meant more time spent absorbing the educational
portion of the game, and could therefore have caused this additional increase in the gain score.
According to flow theory, when challenge is not optimal, a person either reaches boredom or
anxiety. So, one recommendation for an effective instructional game is that it is important to
have challenge levels as an adjustable feature, so that students can select their level of challenge

(low, medium or high), and the challenge levels can be adjusted to their game skillfulness level.
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Figure 19 — Profile plots for the different variations of the Humatan game based on Game

Skillfulness
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In the study survey, students reported their ethnic background. Statistically the ethnic
background did not have a main effect on the gain score. The challenge-on game version helped

all students from all ethnic backgrounds.

Implications of the study
This study’s findings have both theoretical and practical implications. Some of salient points

are discussed below:
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1. Games and motivation

From the findings of this study we can make an assertion that instructional games do help
to improve learning science subjects such as biology. Games can motivate the present
generation of students who already spend many hours playing video games. By these
assertions we are not saying that computer games are the panacea or magic wand that can
immediately make students learn the subject matter instantaneously. But it has a very

high potential for motivating students to engage with the subject matter.

2. Games and instructional design

Anecdotally, during the data collection phase of the study, a teacher mentioned “your
game made students sit in front of the computer for 50 minutes without any distraction,
which in itself shows the effectiveness of the Humatan game.” Games do have the
tendency to distract students from learning, and students might just concentrate only on
the entertainment aspect, rather than getting educated. However it is in the game
designer’s hand to make a game that motivates students to focus on the educational
aspect while they derive fun from the game. The proper mix of both the fun aspect and
the educational aspect is a key ingredient for designing a successful instructional game.
This kind of focus can lead to less chocolate-dipped broccoli kind of games in the
edutainment market. In order to achieve an effective instructional game, it is important
that both game designers and instructional designers understand that educational games
have two sides: entertainment as well as pedagogical aspects and a proper mix is the

essence of instructional game design.
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3. Educational game features

As mentioned earlier, challenge is a very important feature and it positively augments
learning in an educational game. If the challenge feature can be adjusted according to the
player's preference, then the game will neither be boring nor create anxiety for the
players. Players can choose the optimal challenge based on their skill levels. Endogenous
fantasy is a helpful hook to attract students towards an educational game. However, if the
fantasy element is too compelling, then the game might become less educational, and
more entertaining. Individual differences due to GPA, SES, gender, and ethnic
background were not significant in the study, which tells us that the importance of design
features is extremely crucial for a successful instructional game design and if the game
features are properly present, the individual differences in the students do not impact the

learning significantly.

Limitations of the study
This research study has several limitations that are inherent to a quantitative research in

social science. Some of these limitations are discussed herewith:

1. The total time to conduct the data collection was approximately 45 - 50 minutes.
Since the pre and posttests were done in a short span of time, we could not tell
whether an instructional game such as Humatan would facilitate long-term knowledge
retention. Probably a longer treatment time could be helpful to ascertain the
differential effects of instructional game features.

2. The Socioeconomic Status data was derived from the information given by BCPS.
The aggregate data given by BCPS was meant for the entire school. In this study only

a small group of students participated from each school. Since students were not
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asked directly about their SES, it is not clear to what SES category individual
participants belonged.

3. There are many features such as good graphics, audio, and 3D navigation capabilities
required for a game to be successful in the entertainment world. This study focuses
only on the two most important variables mentioned in literature: challenge and
fantasy.

4. There are many important aspects of video games that are not addressed in this study.
Violence in video games is one such aspect. This research is rather limited to looking
at important design features needed for an educational game, which might inform
instructional designers and game designers about creating compelling instructional
games.

5. The researcher lives closer to Baltimore County Public Schools and the selection of
the school district could itself lead to some sampling bias. Despite this sampling bias,
there could be much interest in the data and the outcome of this study, which might

lead to better design of educational games.

Recommendations for future research
Video games and education is a relatively young field of research in educational
psychology. There is a tremendous scope for future research in this field. Specific to the current

study, following are a few recommendations for future research:

1. A longitudinal study about the effects of fantasy in an instructional video game might
help to give insight into whether fantasy helps to improve learning in the long term.
Yet another possible study could be about how much fantasy should be included in a

game.
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2. A more detailed research is needed to find out whether and how other features such as
audio, 3D graphics might help to deliver compelling educational games.
3. A more detailed research is also needed to find out whether game features such as

challenge and feedback help towards long term retention of knowledge.

Chapter summary

Instructional games or serious games have the potential to motivate students to learn in a
better manner, provided they have the right blend of educational and entertainment features.
Among the various features, challenge is one of the important elements, which positively
augments learning. Fantasy does not seem to help toward learning, and distracts students from
the educational aspect of the game. It remains to be seen whether fantasy will have a positive
effect in motivating students to learn in the long-term. Additionally, future research may be able
to throw light on what amount of fantasy would be suitable for a positive impact on learning.
Gender, GPA, game skillfulness, ethnicity, and socio-economic status did not impact learning in
a statistically significant manner. Future research studies can explore long term knowledge
retention through the challenge and fantasy features in instructional games, and also study the
effect of including other features such as good graphics, audio, and 3D navigation capabilities.
While games are not the magic wand to promote learning, games can be used as a powerful tool
toward effective learning. A collaborative approach between game designers and instructional
designers can lead to effective instructional video games with a good blend of entertainment and

pedagogical features.
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Appendix A: Pretest Identification test

In the table to the right of the diagram, write the correct name of the bone

Directions:

20

identified by the numbered line.
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Appendix B: Pretest Terminology test

Directions: Please match the bone with its common name.

a. Collarbone

’ b. Jawbone

c. Wrist

d. Spine
Clavicle

a. Breast Bone
b. Shoulder Blade

c. Funny Bone

d. Thigh Bone
Scapula

a. Skull
b. Jawbone

c. Kneecap

d. Spine
Mandible

a. Hip
b. Thigh Bone

¢c. Neck Bone

d. Spine

Vertebrae
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a. Ankle
b. Finger Bones

¢. Shin Bone

d. Wrist
Metacarpals

a. Upper Arm Bone
b. Lower Leg Bone

c. Upper Leg Bone

d. Kneecap
Patella

a. Hips
b. Spine

c. Lower Arm Bone

d. Upper Arm Bone
Pelvis

a. Lower Leg Bone
b. Ankle

c. Thigh Bone

d. Lower Spine

Tarsal
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Sternum

Humerus
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Collarbone

. Shoulder Blade

Breast Bone

Upper Spine

a. Shin Bone
b. Funny Bone
c. Wrist

d. Lower Leg



Appendix C: Pretest Comprehension test

Directions: Read each question carefully and select the answer that best completes the
statement or answers the question.

1. How many bones are there in a normal adult body?
a. 206
b. 208
c. 300
d. It differs for each person and is based on the body composition of an individual.

Answer:

no

The skeletal system consists of:
a. All the bones in the body.
b. All the organs and glands.
c. All the bones and the tissues that connect them.
d. All the muscles and tendons.

Answer:

w

The hollow space in the middle of the bones is filled with:
Bone cells

Bone marrow

Blood

Air

o o o

Answer:

4. The name of the bone that protects the brain:
Calcium

Cerebrum

Cerebellum

Cranium

o o o

5. is the name of the tissue that connects muscle to bones.
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6. Human skeletal system is a non-living supporting structure:
a. True
b. False

Answer:

7. There are three types of joints. They are ,

8. The spinal column consists of:
a. 33 vertebrae
b. 31 vertebrae
c. 207 vertebrae
d. Vertebrae differ from person to person.

Answer:

9. The main difference between compact bones and spongy bones is:
a. They differ in their bone marrow
Compact bones are made of silica and spongy bones are made of calcium
c. The bone cells are packed closely in compact and they are spread apart in spongy
cells.
d. Their bone cells are of different sizes.

10. Bones are very strong because they are made of:

Titanium

Calcium and phosphorous
Silica and calcium

Blood and marrow

e o o

Answer:
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Appendix D: Posttest Identification test

Directions: In the table to the right of the diagram, write the correct name of the bone
identified by the numbered line.

Number | Parts
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Appendix E: Posttest Terminology test

Directions: Please match the bone with its common name.

(2

Carpal

Tibia

Cranium

Humerus

168

Wrist
Upper Arm Bone
Lower Spine

Lower Leg Bone

Thigh Bone
Upper Spine

Ankle

. Shin Bone

Skull

Breast Bone

Jawbone

. Collarbone

Upper Arm Bone
Kneecap
Lower Leg Bone

. Spine



Scapula

Femur

Mandible

Coccyx
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Hand Bones
Hips
Shoulder Blade

Breast Bone

. Thigh Bone
. Lower Leg Bone
. Spine

. Lower Spine

a. Lower Spine
b. Upper Spine
c. Jawbone

d. Funny Bone

a. Ankle Bone
b. Upper Arm Bone
c. Toe Bones

d. Tail bone



a. Heel Bone

b. Ankle

c. Foot Bone

_J d. Toe Bone

Metatarsal

a. Patella Kneecap
b. Thigh Bone

c. Shin Bone

d. Funny Bone

Humerus
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Appendix F: Posttest Comprehension test

Directions: Read each question carefully and select the answer that best completes the
statement or answers the question.

1. The main function of a tendon is:

To link muscles to ligaments

To link bones to bones

To link muscles to bones

To link compact bone and spongy bone

e o o

Answer:

2. A bone is where most blood cells are made and also serves as a storehouse for various
minerals:
a. True
b. False

3. The number of bones there in an average person’s body is

4. Which of the following joint that would allow bones to move only in one direction:
a. Pivot
b. Ball and Socket
c. Hinge
d. Ellipsoidal

Answer:

5. Inan adult body, the place where blood cells are made is known as:
a. Bone marrow
b. Body's capillaries
c. Lungs
d. Arteries
Answer:

6. The name of the tissue that connects a bone to another bone is
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7. The cells that are responsible for bone formation are known as:

Osteoclasts
Osteoblasts
Lining Cells
Red blood cells

e o o

Answer:

8. The main difference between cartilage and bone is:
Bone is cushiony, and cartilage is firm.
Cartilage is cushiony, and bone is firm.

Bone is a more primitive tissue than cartilage.
Bone is inside the body, and cartilage is outside.

o o o

Answer:

9. Besides brain the cranium also protects:
a. Eyes
b. The sense organs
c. Chestand lungs
d. The diaphragm

Answer:

10. The largest bone in the body is
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Appendix G: Game skillfulness survey

Games and skills survey

Please select any one of the options for each question below, except Question 6 where you can
select more than one option:

1. How much enjoyment do you get from playing video games?
a. A great deal

A lot

A moderate amount

A little

Not at all

®© oo o

2. | play video games regularly.
a. More than 8 hours a week
6-8 hours a week
4-6 hours a week
2-4 hours a week
0-2 hours a week
I do not play video games at all.

-h® o0 o

3. How much time does it take you to learn a new game?
a. 4-6 hours
b. 2-4 hours
c. 0-2 hours
d. ldon’t need any training; | will figure out while I am playing the game.

4. 1 have been playing video games for the past:
a. 6 years or more years
b. 5years
c. 4years

d. 3years

e. 2years

f. 1year

g. Lessthan 1 year

5. Do you believe that video games are fun?
a. A great deal
b. Alot
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c. A moderate amount
d. Alittle
e. Notatall

6. Which of the following game systems do you play? (Please check all the systems you
play.)
a. Nintendo DS
Nintendo Wii
Sony PlayStation
X-Box
PC platform
Online Games

o o0o

7. Where do you play? (Please check all the places you play.)
a. Atmy home

b. At my school

c. Atmy friends’ place

d. Other (like mall, game arcade etc.)

8. What is your gender?
a. Female
b. Male

9. What is your current grade in school?
a. 10" grade b. 11" grade c. 12" grade

10. What do you consider your main ethnic or national group to be?
a. African American

Asian American

European/Caucasian

Hispanic or Latino origin

Middle Eastern

Native American

—~® o0 o

11. Age: Years
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12. Under what range does your current Grade Point Average (GPA) fall? (Circle only
one choice. Please do not provide the actual GPA.)
a. 40-35
b. 3.0-34
c. 20-29
d. Below 2.0
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Appendix H: Survey Codebook

Variable Label and Description

Variable Name Variable Width

ID Number

0l1-n

Game enjoyment

0 - Not at all

1- A Little

2 — A moderate amount
3-A lot

4— A great deal

99 — No response

Q1 2

Time spent on video games

0 — I do not play video games at all.

1 - 0-2 hours a week

2 — 2-4 hours a week

3 —4-6 hours a week

4 — 6-8 hours a week

5 — More than 8 hours a week
99 — No response

Q2 2

Time to learn a video game
0 — 4-6 hours
1-2-4 hours
2 —0-2 hours

3 — 1 don’t need any training; I will figure

out while I am playing the game.
99 — No response

Q3 2

Familiarity with video games

0 — Less than one year
1-1year

2 — 2 years

3 -3 years

4 — 4 years

5—5years

6 — 6 years

99 — No response
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Perception about video games: Fun or
not?

0 - Not at all

1- A Little

2 — A moderate amount

3 — A great deal

99 — No response

Q5

Video game systems played:
0 — No system/No response

1 — One system

2 — Two systems

3 — Three systems

4 — Four systems

5 — Five systems

6 — Six systems

Q6

Number of places video games are
played:

1 - One place

2 — Two places

3 — Three places

4 — Four places

Q7

Respondent’s Gender:
1 - Female

0 — Male

99 — No response

Q8

Academic Status:
10 — 10" Grade
11 - 11" Grade
12 — 12" Grade
99 — No response

Q9

Ethnicity:

1 — African

2 — Asian

3 — European

4 — Middle Eastern
5 — Native American
6 — Hispanic

99 — No response

Q10
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Age: Q11
Valid data in terms of number of years.
Current GPA Q11

1.00 - Enter the self-reported GPA (up to
2 decimal points)
99 — No response
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Variable Label

Appendix I: Variables Codebook

Variable Name Variable

Width

Column

Variable Type

Pretest Composite | Pretest_score 2 1 Scale
Score

Posttest Composite | Posttest_score 2 1 Scale
Score

Feature Feature 1 1 Nominal:

1 = Challenge on
2 = Fantasy on

3 =Both on

4 = None on
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Appendix J: Adult Consent Form

SYRACUSE UNIVERSITY
Instructional Design, Development and Evaluation

Adult Consent Form

My name is Kannan AMR and | am a doctoral student at Syracuse University, Syracuse, NY.
You have been invited to take part in a study named Learning through Games: Essential
Features of an Educational Game. There are two purposes of this research study: Firstly, to
find what are the important features of an instructional game, and secondly to find out how these
game features enhance learning. The research is being conducted by Kannan AMR, as part of his
Doctoral Dissertation. The faculty sponsor of this work is Dr. Rob Pusch, Associate Director,
Project Advance, Syracuse University.

If you wish to participate in the study, you will
1. Take a short pre-test on human skeletal system.
2. Play an educational game called as “Humatan”, which will teach the human skeletal system.

3. After playing the game, you will be asked to take a short post-test that will test your understanding
of the human skeletal system. The content of the Humatan game will cover only human skeletal
anatomy. The game will not contain any content on anatomical components that may be considered
inappropriate for public viewing. Your participation will take about an hour.

There may be minimal risks associated with your participation in this research. You will be asked to
take a short test before you start playing the game and you will be asked to take another test after
you play the game and a small survey about your video game skills. You may be embarrassed if you
do not know the answers to the questions. In order to avoid this risk of embarrassment, you will not
be asked for your name in the pre and post tests as well as in the survey. The survey, pre and post
tests will have an identification number which will be used to track results and conduct data analysis
and which will not be linked with you. Therefore, no link will be made between any test results or
the survey questionnaire and you and thus your privacy will be protected. Please know that the aim
is to learn about your experiences with the game and not to evaluate your performance. If you are
not comfortable to take the exam you do not need to participate in the study.

Although you will not receive any direct benefits for participation in this study apart from playing an
educational game, it will make you more aware of the human skeletal system and help me to

330 Huntington Hall / Syracuse, New York 13244-2340 / 315-443-3703 / Fax: 315-443-1218
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understand better how the educational games impact students’ learning and what are the important
game features that will positively augment learning.

Taking part in this study is voluntary. There is no monetary compensation and no class credit will be
provided to participate in this study. Not taking part or withdrawing after the study has begun will
not affect your grade or academic standing in any way. If you decided to withdraw at any time, no
credit but also no penalty will be given. You have the right to skip or not to answer any questions
that you prefer.

In order to protect your privacy, | will not collect any personally identifying information about
yourself such as name etc. The data from the study will be kept at least until 5 years after
publication, as recommended by the American Psychological Association. When it is destroyed,
hard copies will be shredded and the computer data will be erased.

If there is anything about the study or taking part in it that is unclear or that you do not understand, if
you have questions you may contact Kannan AMR at 330 Huntington Hall, Syracuse University,
Syracuse, NY 13244 or through phone: 410-988-3015 (Home) 443-825-7239 (Cell) or through
email: kamr@syr.edu, or the faculty sponsor, Dr. Rob Pusch, at 400 Ostrom Ave, Syracuse, NY
13244 or through Phone: 315-443-5706, or through email: rpusch@syr.edu. If you wish to report a
research-related problem or for questions about your child’s rights as a research participant, you may
contact the Office of Research Integrity and Protections, 121 Bowne Hall, Syracuse, New York
13244-1200; Phone: 315.443.3013; Fax: 315. 443.9889; e-mail: orip@syr.edu

Sincerely,

[Signature] Date

[Typed name]

330 Huntington Hall / Syracuse, New York 13244-2340 / 315-443-3703 / Fax: 315-443-1218
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All of my guestions have been answered, | am over the age of 18 and | wish to participate in this
research study. | have received a copy of this consent form to keep for my records.

Signature of participant Date

Printed name of participant

330 Huntington Hall / Syracuse, New York 13244-2340 / 315-443-3703 / Fax: 315-443-1218
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Appendix K: Parent Consent Form

SYRACUSE UNIVERSITY
INSTRUCTIONAL DESIGN, DEVELOPMENT AND EVALUATION

Parental/Guardian Permission form

Your child, , IS invited to take part in a study
named Learning through Games: Essential Features of an Educational Game. There are two purposes
of this research study: Firstly, to find what are the important features of an instructional game, and
secondly to find out how these game features enhance learning. The research is being conducted by
Kannan AMR, as part of his Doctoral Dissertation. The faculty sponsor of this work is Dr. Rob Pusch,
Associate Director, Project Advance, Syracuse University.

If you give permission for your child to be in this study, he/she will be asked to: 1. Take a short pre-
test on the human skeletal system. 2. Play an educational game called “Humatan”, which will teach the
human skeletal system. 3. After playing the game, your child will be asked to take a short post-test that
will test your child’s understanding of the human skeletal system. The content of the Humatan game
will cover only human skeletal anatomy. The game will not contain any content on anatomical
components that may be considered inappropriate for public viewing. Before your child starts the
study, a thorough verbal explanation of the study will be given to him/her.

There is minimal risk associated with your child’s participation in this research. They will be asked to
take a short test before they start playing the game and they will be asked to take another test after they
play the game and a small survey about their video game skills. Your child may be embarrassed if he
or she does not know the answers to the questions. In order to avoid this risk of embarrassment, the
student will not be asked for their names in the pre and post tests as well as in the survey. The survey,
pre and post tests will have an identification number which will be used to track results and conduct
data analysis and which will not be linked with the student. Therefore, no link will be made between
any test results or the survey questionnaire and the specific student and thus your child’s privacy will
be protected. The researcher will also explain to your child that the aim is to learn about his/her
experiences with the game and not to evaluate his/her performance. If they are not comfortable to take
the exam they will not be forced to participate in the study.

Although your child will receive no direct benefits for participation in this study apart from playing an
educational game, it will make him or her more aware of the human skeletal system and help the
investigator understand better how educational games impact students’ learning and the important
features that will positively augment learning.

330 Huntington Hall / Syracuse, New York 13244-2340 / 315-443-3703 / Fax: 315-443-1218
183



Taking part in this study is voluntary. There is no monetary compensation and no class credit will be
provided to participate in this study. Not taking part or withdrawing after the study has begun will not
affect your child’s grade or academic standing in any way. If your child withdraws at any time, no
credit but also no penalty will be given. Your child has the right to skip or not answer any questions he
or she prefers.

Confidentiality of your child’s research records will be strictly maintained by not collecting any
identifying information such as name etc. about your child. The data from the study will be kept at
least until 5 years after publication, as recommended by the American Psychological Association.
When it is destroyed, hard copies will be shredded and the computer data will be erased.

If there is anything about the study or taking part in it that is unclear or that you do not understand, if
you have questions you may contact Kannan AMR at 330 Huntington Hall, Syracuse University,
Syracuse, NY 13244 or through phone: 410-988-3015 (Home) 443-825-7239 (Cell) or through email:
kamr@syr.edu, or the faculty sponsor, Dr. Rob Pusch, at 400 Ostrom Ave, Syracuse, NY 13244 or
through Phone: 315-443-5706, or through email: rpusch@syr.edu. If you wish to report a research-
related problem or for questions about your child’s rights as a research participant, you may contact
the Office of Research Integrity and Protections, 121 Bowne Hall, Syracuse, New York 13244-1200;
Phone: 315.443.3013; Fax: 315. 443.9889; e-mail: orip@syr.edu

Sincerely,

[Signature] Date

[Typed name]
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All of my questions have been answered, | am over the age of 18 and | wish my child to participate in
this research study. | have received a copy of this consent form to keep for my records.

Permission

Signature of parent or guardian Date

Printed name of parent or guardian

Printed name of student
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Appendix L: Informed Assent form

SYRACUSE UNIVERSITY
INSTRUCTIONAL DESIGN, DEVELOPMENT AND EVALUATION

Informed Assent form
My name is Kannan AMR, and | am from the School of Education, at Syracuse University (SU).
I am asking you to participate in this research study because you are a high school student
studying at a school affiliated to Baltimore County Public Schools.

PURPOSE:

A research study is a way to learn more about people.In this study, | am trying to learn more
about the important features of an instructional game, and secondly to find out how these game
features enhance learning.

PARTICIPATION:

If you decide you want to be part of this study, you will be asked to
1. Take a short written quiz on the human skeletal system.

2. Play an educational video game called “Humatan”, which will teach the human skeletal
system.

3. After playing the game, you will be asked to take a short quiz that will test your
understanding of the human skeletal system.

All of this should take about an hour.

RISKS & BENEFITS:

There are some things about this study you should know. You may be embarrassed if you do not
know the answers to the questions. To avoid this risk of embarrassment, please do not write your
name in the quiz papers. When | write my report, I will not include your name or that you were
in the study. Through this study | want to understand how students learn through games and what
game features help them most. If you do not want to be in this study, you can withdraw at any
point of time.
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Not everyone who takes part in this study may benefit. A benefit means that something good
happens to you. We think the benefits might be that you will be allowed to play a video game
which may be fun for you. Also while playing you will learn about the human skeletal system,
which might help you in your Biology subject.

REPORTS:

When | am finished with this study | will write a report about what was learned. This report will
not include your name or mention that you were in the study. When | talk to others about my
study, | will not mention your name, so that no one can tell whether you have participated or not.

VOLUNTARY:

“Voluntary” means that you do not have to be in this study if you do not want to be. Your
parents or guardian have to say it’s OK for you to be in the study. After they decide, you get to
choose if you want to do it too. If you don’t want to be in the study, no one will be mad at you. If
you want to be in the study now and change your mind later, that’s OK too. You can stop at any
time.

You can also talk with your parents, grandparents, and teachers (or other adults if appropriate)
before deciding whether or not to take part. You can also skip any of the questions you do not
want to answer.

QUESTIONS: You can ask questions now or whenever you wish. If you want to, you may call
me at 410-988-3015 or you may call Dr. Rob Pusch at 315-443-5706. If you are not happy about
this study and would like to speak to someone other than me, you or your parents may call the
Syracuse University Institutional Review Board (IRB) at 315-443-3013.

Please sign your name below, if you agree to be part of my study (signature line needed for
participants 7-17; if participants are below the age of 7, only the researcher should sign at the
completion of assent process). You will get a copy of this form to keep for yourself.

Signature of Participant Date

Name of Participant

Signature of Investigator or Designee Date
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Skills Summary

Instructional experience: | have about 6 years of experience as a full-time faculty, and 6
years as an adjunct faculty in higher education universities.

Project management: | have successfully managed several projects, starting from needs
analysis, defining project scope, managing schedules, and deliverables in my capacity as
Instructional Technology Consultant at Syracuse University, and as Assistant Professor at
Stevenson University and currently as an Assistant Professor at the University of Wisconsin-
Whitewater.

Administrative experience: | have participated and lead several administrative and
curriculum planning and revision committees.

Multimedia Technology Skills: I am proficient in various cutting edge technologies
ranging from Game engines, graphical & layout design tools, animation and
simulation/modeling tools, DVD/Video editing software, 3D modeling, sound editing Tools,
web design and development tools, Web 2.0 (Social Networking, Podcasting, and
Webinars), statistical analysis tools, and content management systems.

Communication: My background as a photojournalist, faculty member, and a graduate in
Visual Arts and Interactive Communications has helped me to become an effective
communicator.

Researcher: | am proficient in conducting research studies, quantitative and qualitative
data analyses, and interpretation of results. | have experience in conducting research
studies in public schools.

Grant proposal writing: | have experience in writing and assisting faculty members with
writing RFPs.

Conference and publications: | have submitted papers to peer-reviewed conferences
and conference proceedings have been published.

Education

School of Education, Instructional Design, Development and Evaluation (IDD&E),
Syracuse University, Syracuse, NY

Successfully defended dissertation, “Learning through games: Effective features of an
educational game” on December 16, 2011. | will be graduating in spring 2012.
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MS in Instructional Design, Development & Evaluation, fall 2010

S.1. Newhouse School of Public Communications, Syracuse University, Syracuse,
NY
MS Visual and Interactive Communications, August 1999

Madras University, Madras, India
MA Political Science, 1993
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conducted at the Teaching Tools Conference, Syracuse, NY.
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Teaching Experience

Assistant Professor (January 2012 — present)
Media Arts and Game Development Program, Communication Department,
University Wisconsin-Whitewater, Whitewater, W1

As an assistant professor | teach four courses per semester on web development, game
design and photography. | am also involved in the Media Arts and Game Development
program curriculum development. As an advisor to students | perform the following duties:

Support students in their efforts to learn about degree and graduation requirements.

e Explain major requirements, help with registration and aid in course selection and
class scheduling.

e Listen to and review students’ academic and career plans, suggesting alternatives if
necessary.

e Provide information on resources and opportunities.

Courses | am currently teaching:

e MAGD 270: Web Development
e Journalism 310: Publication Photography

Assistant Professor (Fall 2006 — Summer 2011)
Art Department, Visual Communication Design, Stevenson University, Stevernson,
MD

I have taught four courses per semester pertaining to visual communication and design. |
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web, and motion graphics. | also actively pursue my research in games for improving
science education for high school students in the US. | acted as an advisor for Visual
Communication Design major students.
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IS 124 — Introduction to Computer Graphic Design

IS 224 — Graphic Design Practicum: Intro to InDesign
VCD 306 — Web Design |

VCD 308 — Web Design 11

VCD 480 — Studio Design

IS 224 — Graphic Design Practicum: Intro to Dreamweaver
Photo 140 — Introduction to Photography

Photo 240 — Intermediate Photography

Photo 260 — Digital Photography

Photo 340 — Advance Photography
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Adjunct Faculty (May 2000 — Summer 2006)
School of Education, Department of Instructional Design, Development &
Evaluation, Syracuse University

IDE 552 — Digital Media Production

This is a graduate level course, providing an introduction to digital media production within an
instructional design environment. The goal is to introduce students to the crucial concepts of
digital media, equip them with the necessary skills and concepts in cutting edge digital
technology, and to make them think critically about the use of digital media in their everyday
work requirements.

Adjunct Faculty (Fall 2003)
S.1. Newhouse School of Public Communications, Syracuse University
ICC 555 — Communicating With Computers

This is a graduate level course, with the expected outcome of introducing students to the
emerging area of interactivity, providing students with the principles of human computer
interaction, making the students skilled in various tools and techniques that enhance
interactivity, and add value to content. This course is meant to give students hands-on
experience in designing an interaction for a given audience.

Adjunct Faculty (Fall 2002)
S.1. Newhouse School of Public Communications, Syracuse University
ICC 500 — New Media Concepts

This is a graduate level course to teach design and development of cross-platform, low-
bandwidth animations, presentations and web applications using Macromedia Flash MX. It is a
task-based hands-on course, focusing on best design practices, disciplined programming,
usability, optimization, and performance.
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Administrative and Service Experience

e Media Arts and Game Development Program curriculum development committee:
Spring 2012 — present

e Graduate Faculty Committee: Spring 2012 — present

e Visual Communication Program curriculum assessment and review committee: Fall
2010 — Spring 2011

e Faculty Welfare Council: Fall 2010 — Spring 2011

e Photography Adjunct faculty search committee: Spring 2010 — fall 2010

e General Education Curriculum Planning Committee (Critical Thinking and problem
solving sub-committee): Spring 2009 — Fall 2009

e General Education Curriculum Planning Committee (Common Grounds — Diversity
sub-committee): Fall 2009 — Spring 2010

o Dean Search Committee: Spring 2009

e Graphics Facilitator - University Restructuring Task Force (URTF): Fall 2008 — Spring
2009

e Student feedback sub-committee (Chair): Fall 2008

e Information Systems (IS) Program curriculum review committee: Fall 2008

e Visual Communication Program curriculum assessment and review committee: Fall
2007

e Motion Graphics new curriculum design committee: Fall 2007 — Spring 2008

¢ New Animation curriculum design (Chair): Spring 2008

e Faculty welfare committee: Fall 2007

Instructional and Corporate Experience

Instructional Technology Consultant (August 2002 — June 2005)
Faculty Computing & Media Services, Syracuse University, Syracuse, NY

Responsible for providing consultancy for web development tools, and graphic/image
processing tools, multimedia design and production for offline content like CD-ROMs, DVD-
ROMS, and print media, and online content for the Web, and on demand streaming media. |
provided instructional and technical consulting on computing to faculty, by analyzing
individual computing needs and developing specific training sessions. | acted as a team-lead
for Web, CD and DVD based projects. These collaborative projects were designed as
instructional tools for the campus community.

Multimedia Specialist (Sep 1999 — Aug 2002)

E.S. Bird Library, Syracuse University, Syracuse, NY

Responsible for instructing students, faculty and staff in the use of multimedia workstations,
digital imaging and video capture units. Throughout the Academic year, | have conducted
several workshops on web design, Flash and streaming video and audio. Responsible for
troubleshooting system and application software problems on Mac and PC workstations, and
for assisting with the department's web site design and Library's newsletter layout.
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Media Lab Manager (Jan 1998 to Aug 1999)

S.1. Newhouse School of Public Communications, Syracuse University, Syracuse,
NY

From January 1998 to August 1999 | worked as a Media Lab Manager and Teaching
Assistant at Newhouse computer graphics lab. Responsibilities included instructing students
in design, layout and illustration using major graphics software applications.

Principal Photographer (Dec 1995 — Aug 1997)

The Peninsula, Doha, Qatar

I worked as the Principal photographer from December 1995 to August 1997. | have
covered a wide range of general and sports beats, special supplements and variety of news
assignments. | independently coordinated the photographic requirements of the newspaper.

Staff Photographer (Mar 1994 — Dec 1995)

Indian Express, Madras, India

I worked as a staff photographer for this national newspaper of India from March 1994 to
December 1995. | covered a wide range of outdoor and indoor assignments.
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Multimedia Design & Production Skills

The following is a listing of my multimedia design and production skills.

Area of Proficiency Software Tools
Data Analysis SPSS
Gaming Torque 2D, TGB Scripting, GameSalad and Storyboard Pro
Graphical & Layout Photoshop CS5
Design Tools
lllustrator CS5

QuarkXPress 8.0

InDesign CS5
Animation and Flash CS5
Simulation/Modeling )
tools Captivate 5
DVD/Video Editing Final Cut Pro
Software

DVD Studio Pro

After Effects CS5
3D Modeling 3ds Max and Poser

Sound Editing Tools | Audition and Audacity
Web Design and Dreamweaver CS5, Flash Builder (Flex), Action Script 3.0
Development tools

ColdFusion Studio

SQL, MS Access

HTML, XML, and CSS

DHTML, JavaScript, Content Management Systems (Drupal,
Joomla and Dot Net Nuke)
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