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Abstract

The relationship between a game programming assignment and the learning experience
of students in first-year post-secondary Computer Science was evaluated through an
exploratory case study. The purpose of this study is to gain an understanding of the
meaning for those involved in a game programming assignment in a first-year computer
science class. The findings from this case study can increase our understanding of the
relationship between a game programming assignment and student interest, motivation,

intention to remain in Computer Science, and self-efficacy.

The case study employed two questionnaires and an interview. Results of this study
demonstrated a pron-rlising increase in student interest in the course, motivation, self-
efficacy and intention to major in computer science after a game programming
assignment. Exploratory results should be interpreted conservatively until studies
confirming these exploratory results are completed. Promising findings encourage
further study by Computer Science educators into teaching practice and the value of

game programming assignments for learning.
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Epigraph

“Sometimes we simply have to keep our eyes open and look carefully at individual cases
—not in the hope of proving anything, but rather in the hope of learning something!”

(Hans Eysenck, 1976)
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CHAPTER 1: INTRODUCTION
1.1 Aim

This exploratory case study provided an opportunity to better understand the relationship
between game development assignments and student learning, motivation, interest and
attitudes towards performance. This research provides an opportunity for empirical
inquiry into game programming assignments as an effective tool for increasing post-
secondar'y computer science students’ motivation, interest, intention to continue in

computer science and attitudes towards performance.

1.2  Background

The “Why”

Across North America, recent publications [Astin (2005), Vegso t2005), Vegso (2006),
Vegso (2007)] report a new set of challenges in the discipline of Computer Science
Education. Today’s students belong to the gaming generation; they are described as
“digital natives” [Prensky (2001)] with traits and experiences different from those of paét
generations or even the prior decade. The challenges faced by educators to encourage
student interest, motivation, retention and self-efficacy are not new; however, they are

contemporary challenges that cannot be ignored.

Games engage players in active participation (Papert, 1980). This thesis studies the

relationship between a game programming assignment and student learning. Good games
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can inherently promote engagement with a task and encourage repetition and mastery of

new skills, not only for the game players but also for the game creators (Malone, 1980).

The use of games for learning is common practice in education and is evident throughout
many learning arenas from very young children to post-secondary students. Games can
be useful for learning because of their positive effect on interest and motivation
(Macedonia, 2002). Game design and development experiences are similarly useful for
learning. Within Computer Science, there are recent publications describing positive
experiences using game design and development to interest and motivate students from :
introductory programming to capstone courses, for example Connolly (2005), Jones

(2000) and Lawrence (2004).

Given this direction of emerging knowledge in the use of games and game programming
assignments in post-secondary Computer Science, it is important to better understand the
relationship between game programming assignments and student motivation, interest,
retention and perceived performance, and whether this offers a promising direction for

student learning.

1.3 Objectives
The “What”
The purpose of this research is to investigate whether game programming assignments

are an effective tool for increasing post-secondary computer science students’ interest,
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motivation, intentions to remain in Computer Science and attitudes towards performance

through an exploratory case study.

To better understand the nature of the relationship between a game programming
assignment and a student’s learning, this thesis defines and measures four constructs
related to learning:

o Interest

e Motivation

o Intentions to remain in Computer Science

o Attitudes towards performance

Throughout this thesis, these components are known as the “4 Constructs”.

This case study was designed to be an exploratory investigation. The study employed
questionnaires and an interview to probe the four constructs. The study was guided by
several research questions:
» iflearners complete a game programming assignment, does this lead to greater
interest in and motivation for their learning?
» iflearners complete a game programming assignment, does this leads to a more
positive perception of students’ own performance?
» if]earners complete a game programming assignment, does this affect students’

intentions to major in Computer Science?



1.4 Research Overview

The “How”

Student interest, motivation, intention to remain in Computer Science and attitudes
towards performance in an introductory computer science course are measured before
and after a game programming assignment. In order to assess any changes to student
learning, students were encouraged to submit two questionnaires of primarily Likert-scale
questions immediately before and after the game programming assignment. An interview
was conducted with the teaching assistant to supplement evidence from the

questionnaires.

The responses were analysed to pursue the research questions of this thesis. The pre and
post assignment questionnaires measured aspects of student interest, motivation, intention
to remain in Computer Science and attitudes towards performance in the course and
Computer Science as a discipline. In addition, the post-questionnaire also measured the
amount of time students spent on their assignments, student impressions of the
assignment, and time students spent playing computer games. Student responses from
before and after the game programming assignment were compared to measure any
differences that may be attributable to the influence of the game programming

assignment.



15 Thesis Structure
The thesis is structured to provide a deeper understanding of:
e why this investigation was undertaken and why the study should be considered
relevant and significant;
o how this case study was undertaken, including the operational definition, study
design and procedure; and,
e what was determined from the study: the results including an analysis and

discussion of the significance of the conclusions.



CHAPTER 2: LITERATURE REVIEW

2.1 Overview

Literature was reviewed in four areas considered relevant to the study. This chapter
organizes the review in four key categories:

1. Computer science undergraduate student enrolment and retention;

2. Student interest and motivation;

3. Use of games in education: game play and game development; and,

4. Case study design and applications.
This literature review provides a background to the research and describes the
motivations propelling the research project (categories 1, 2 and 3). In this key way, this
is not a standard literature review for Computer Science, and instead reflects more of an
educational research approach. Since the research is undertaken as a case study selected
by the researcher, this background provides a justification for why this case was selected
as worthy of study. Category 3 provides an overview of related research in the area of
game development assignments and their impact on learners while category four provides

an explanation of case study design and applications in exploratory research.

2.2:  Student retention and enrolment

The Computing Research Association (2007) conducts and publishes an annual survey of

Computer Science (CS) departments in North America known as the Taulbee Survey.

Vegso (2006) presents the findings of the Taulbee Survey and claims that the number of



new CS majors has declined by 70% between Fall 2000 and 2005. The total number of
bachelor’s degrees granted in Computer Science declined 17% between 2003 and 2004.
Vegso (2006) provides no analysis or discussion of the causes for this decline in
enrolment and degrees granted in computer science nor does the paper offer any solutions
or discuss the role of student interest and motivation in the retention of computer science
majors. The study was repeated by Vegso (2007) a year later; he found that a further

decline in undergraduate enrolment and degrees granted was observed in 2006.

Vegso (2005) provides an analysis of survey results from the Higher Education Research
Institute at the University of California at Los Angeles. This survey indicates that the
popularity of computer science as a major among incoming first-year students in the
United States has dropped significantly in the past four years. The survey indicated that
the percentage of incoming undergraduates planning to major in CS has declined by over
60 percent between the Fall of 2000 and 2004 and concludes that there will be a sharp
decline in the number of bachelor’s degrees granted in CS in the coming decade, not
attributing any of the decline to a cyclical nature of the data. Astin (2005) considers that

intentions to major are “a powerful predicator of retention.”
1] p p

A review was conducted to determine whether this cyclical pattern was observed in
Canada. It was found that the number of undergraduate Computer Science (CS)
graduates appears to follow a similar cycle of increase and decline at the University of
Calgary (University of Calgary, 1998-2009) as shown in Figure 1. There are many

possible explanations for this pattern. Research on trends across North America



(Lomerson and Pollacia, 2006) demonstrates that this cyclical pattern is not specific to
the University of Calgary and presents a significant problem since demand for CS
graduates has remained steady, and may have also increased, in recent years. “This may
be a cyclical process in the information systems job market. As the economy comes back
and the demand for IT workers resumes, businesses will find a significant shortfall in

skilled workers” (Lomerson et. al., 2006, p. 4).

Computer Science Degrees Granted
By Year

Total Degrees

Figure 1: Undergraduate computer science degrees granted by year at the
University of Calgary

The increases, decreases, or cyclical nature of enrolment in Computer Science may not be
solely or significantly attributed to instruction. For example, Lomerson et. al., 2006,
points to a strong relationship between the economy and degrees granted in Computer
Science. Still, Beaubouef and Mason (2005) builds on Vegso (2006) and Astin’s (2005)
findings and investigates the possible causes for low retention rates of post-secondary

students in Computer Science. Beaubouef et. al (2005) claims that North American



institutions are regularly reporting drop rates as high as 30 to 40% during the first and
second year of courses, which may have something to do with instruction. Much of the
discussion focuses on CS101 and CS102 and describes several possible causes of the
poor retention of students. Beaubouef et. al (2005) speculate on causes including: poor
advising or guidance of students while deciding their majors; poor math skills and
problem solving abilities; poorly designed CS101 lab courses; lack of practice and
feedback; low quality of teaching by graduate students; poor project management skills;
and, teaching objects early or teaching objects late. Other than a very brief discussion on
when to introduce objects, the authors do not address student interest, motivation, or self-
efficacy as an investigable cause, nor even the content of the courses. The authors do not
suggest any solutions but recommend further study into any factors affecting retention
rates as an effort towards reducing the low retention rates. This case study is an effort to
address the gap in our understanding about the relationship between student interest,

motivation and self-efficacy and retention in computer science programs.

Becker and Parker (2005) offers suggestions for ways to encourage and retain
undergraduate enrolment including non-major service courses and a focus on multimedia
including gaming and entertainment. At the instruction level, the author recommends
increased attention to student interests. Bergin and Reilly (2005) studied fifteen factors
and their influence on the performance of students in a first-year programming course in
2003-2004. These factors included prior academic experience, prior computer

experience, self-perception of programming performance, comfort level on the module
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and specific cognitive skills. Bergin et. al. (2005)’s findings included a significant effect

of student comfort and motivation on success in learning to program.

2.3 Student interest and motivation

According to Bandura (1986), one explanation for why people succeed is their
perceptions of how skilled, competent and efficacious (having high self-efficacy) they
are. Bandura (1977) believes that one’s self-efficacy is determined by: one’s perceived
ability to succeed based on one’s previous successes, the successes and failures of others,
verbal persuasion (encouragement or discouragement from others), and emotional
arousal. A student’s emotional arousal is largely affected by his or her interest and
motivation in the material. Bandura’s much-cited work shows that a student’s interest

and motivation can have a large effect on his or her successful learning.

Alexander, Clark, Loose, Amillo, Daniels, Boyle, Laxer, and Shinners-Kennedy (2003)
combined seven case studies of undergraduate requirements for admission to Computer
Science programs across North America and focused particularly upon qualification
entry: subjects studied in early university and student grades. According to Alexander et.
al. (2003), not one of the admittance criteria studied, on which incoming students to
postsecondary Computer Science are judged, are good predictors of student success in the
study of computer science. For example, a student’s previous grades did not have a
significant correlation with the student’s success in learning to program. This study was

conducted across seven universities in North America and Europe, including the
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University of Calgary. While Alexander et. al. do not list other possible factors related to
student success at learning to program, the study reinforces the importance of studying
factors which may affect student learning. Student interest and motivation, since not
measured as admittance criteria, were not measured in the study. This result begs the

question: what factors do contribute to student success at learning to program?

Bergin et. al. (2005) describes a study carried out in the 2004-2005 academic year
examining the role of motivation and comfort-level in a first year development course.
The study defines comfort-level as a student’s ease with development, self-perception of
their performance and self-efficacy for programming. The study found a strong
correlation between intrinsic motivation and development performance. The study also
found a strong correlation between self-efficacy for learning and actual programming
performance. A regression model attributed 60% of the variance in programming
performance to student motivation and comfort. This is further supported by Wilson
(2002), who conducted a similar study to determine factors that promote successful
learning in introductory computer science courses. The study revealed three predictive

factors: comfort level, math background and attribution to luck (negative influence).

Bergin et. al. (2005) provides a review of other studies finding that students who are
more intrinsically motivated than extrinsically motivated perform better and that students
who have positive impressions of a subject tended to be both intrinsically and
extrinsically motivated. Support included Roberts (2000) who added that students are

more successful when there are opportunities to go above and beyond assignment
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requirements. Furthermore, Bergin et. al. (2005) describes Mitchell’s (2000) study that
showed that students who feel they have a strong motivation for studying a subject have a

more positive perception of the subject and about the amount of practical work involved.

Wilson and Shrock (2001) also discusses factors that influence development success and
observes that the most important predictor of students’ performance in introductory
computer science course was comfort level, determined by the degree of anxiety a student
felt about his or her performance and ability to succeed in the course. This is supported
by Haden (2006) who notes that "the inherent difficulty in drilling students in
programming basics is that it can be deadly boring" (p.81). Students who are not
engaged in course material are students who probably will not learn the material (Lobo,

Baliga, Bergmann, Stone and Shah, 2000).

The literature reviewed on interest and motivation suggest that there is a gap in our
understanding of how these two constructs relate to student success in a programming
assignment. This case study is designed to offer some new understanding of this

relationship between interest, motivation and a game programming task.

24  Use of games in education: game play and game development
“Games are a common form of playing. All games have properties, rules
and procedures that must be mastered in order to become a ‘player’.”
(Rosas, Nussbaum, Cumsille, Marianov, Correa, Flores, Grau, Lagos,

Lépez, Lopez, Rodriguez, and Salinas, 2003, p. 72)
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The practice of using games for learning is being seen in mainstream culture as an
acceptable educational strategy. The modern body of research into games for learning, in
both traditional and digital formats, was led by Mindstorms (Papert, 1980). Seymour
Papert encouraged research and practice within games for learning by indicating that
students perform higher learning when they are more engaged with the learning.

Students engage with games: they are interested and motivated by their play. Papert

claims that both game play and game programming assignments engage students.

While focusing on the impact of new technologies on learning, Papert developed “Logo”,
a programming language for creating and modeling simulations while playing. He
illustrates the difference between game play and game development in his book The
Connected Family (1996). He explains that an instructionist approach to the classroom
might employ a game to teach students a specific skill. In contrast, a constructionist
approach to using game programming presents students with the challenge of inventing

and creating the game themselves.

"The scandal of education is that every time you teach something, you deprive a child

of the pleasure and benefit of discovery (Papert 1980, p. 68)."

According to Papert, learners build their own cognitive tools or understanding of
concepts and solutions through actively working with problems and by building external

artefacts. Knowledge is not considered a commodity that can be transmitted and
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retained; knowledge is gained by the learner constructing and reconstructing knowledge
through personal experience. This is the theory of constructivism, formalized by Jean
Piaget (1950). Seymour Papert (1980) additionally states that constructionist learning
happens especially well when people are engaging in constructing a finite product, “such
as a sand castle, a machine, a computer program, a book (p. 3).” This is the theory of
constructionism — learning through building objects to think with. Kafai (1995), a
graduate student of Papert’s who built upon his constructionist theory, emphasised that
valuable learning experiences are found when the activity is personally meaningful to the
learner and builds upon the learner’s own prior knowledge and interests. Programming
games make learning more meaningful to students (Papert, 1980). Game development
assignments fit the criteria for a constructionist learning experience with the game being
the finite product built by the learner. Game development assignments can be
particularly meaningful as a constructionist learning experience since learners are
familiar with games, and are building on their past experiences in order to create

something new.

Prensky (2001) has taken the position that today’s students “think and process

information fundamentally differently from their predecessors (p. 1).” Prensky refers to
these students as “Digital Natives”: native speakers of the digital language of computers,
video games and the Internet. The speed of learning and time focusing on a single topic

are distinctive characteristics of Digital Natives, as described by Prensky (2001).
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In this next section, the prevalent use of games for learning across contexts will be
explored to gain an understanding of the benefits of these approaches to learning and the
possible relationship with learning to program games. Many instructional games, such as
typing games, drill students on specific knowledge outcomes. Knowledge outcomes are
assumed within more advanced and successful games as rules or conditions within the
games that must be met for the player to be successful. Egenfeld-Nielsen (2004)
describes examples including Packy & Marlone (1997) ana Bronkie the Bronchiasaurus
(1994). In the game, Bronkie the Bronchiasaurus (1994), the player controls a dragon to
fight evil dinosaurs, build a clean air machine and properly manage asthma. Packy &
Marlone (1997) addresses diabetes self-care among children by requiring the player to
monitor blood glucose levels, take insulin injections and choose appropriate foods.
Empirical studies indicate that both games effectively improved players’ self-efficacy and
specific knowledge. As aresult of Packy & Marlone (1997), the experimental group

showed a 77% drop in visits to urgent care.

The Armed Forces of the United States of America is motivated to capture the interest
and attention of young people. The research of the American Army finds that the
attention span of youth is much shorter than that of previous generations and that there is
a distinct shift in focus of learning from passive transmission to discovery-based
experiential and example-based learning. In 1999, the American Army established the
Institute for Creative Technology (ICT), focusing on the development of simulator games
with the purpose of training combat soldiers, motivating and interesting youth for

recruitment to the Armed Forces, and retaining soldiers by engaging them in their roles.
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(Macedonia, 2001). Games are also built and used by the Armed Forces for advanced
skill-based training and practice. Troops use games, or simulations, to “practice
exhaustively, taught by simulators not only how to use their ever more complex
equipment, but also how to work in teams, move efficiently through a battlespace, and
negotiate a wide range of conflicts.” (Macedonia, 2002) The games are credited with
reducing casualties in Iraq, the Balkans and Afghanistan according to a task force of the

U.S. Defense Science Board.

The use of games for learning includes the use of games for persuasion. Games have
been used to advertise wrinkle cream (Reversa, 2007) because of their effect on buyer
interest and motivation. According to Vedrashko (2006), advertising placed within
games is more persuasive than advertising placed within television and other medias.
“Players demonstrate stronger recall and purchase intent after being exposed to brands

during game sessions” (p. 23).

Just as video games can engage and train soldiers and consumers, video games can
interest and intrinsically motivate learners (Malone, 1980). Learners are intrinsically
motivated when finding an activity rewarding for its own sake rather than for the sake of
an external reward. Malone (1980) describes the essential characteristics of video games
that foster quality learning. These characteristics focus around goals and feedback,

thereby pursuing intrinsic motivation by building player interest and self-efficacy.
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At the undergraduate computer science level, Lawrence (2004) notes that “games capture
student interest because they are fun and exciting, and students tend to learn more when
actively engaged by the subj ect’; (p.1). Students are familiar with games.

“Current wisdom implies that learning is more effective when we build on what the
learner already knows, and using situations they are familiar with.” (Becker and
Parker, 2005, p.2)

The positive effects of computer games used as instructional tools include strengthened
academic achievement, student self-efficacy, and motivation towards learning (Rosas et.
al, 2003). Very important for successful computer scientists, playing video games also
favours the development of complex thinking skills related to problem solving and
strategic planning (Rosas et. al, 2003). Designing learning experiences around these prior
gaming experiences has the potential to take advantage of the students’ particular
problem solving and strategic planning abilities developed from their experience playing

video games.

Research on game programming experiences suggests that leaving game development to
the learners leads to better learning (Kafai, 1995). “In some senses, computer
programming itself is one of the best computer games of all. In the ‘computer
programming game’, there are obvious goals and it is easy to generate more. The
‘player’ gets frequent performance feedback (that is, in fact, often tantalizingly

misleading about the nearness of the goal)” (Malone, 1980, p. 168).
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Specifically within undergraduate computer science education, game development
assignments are used to interest and motivate students from introductory courses to game
development capstone classes (Parberry, Roden, and Kazemzadeh, 2005). DelLaet,
Slattery, Kuffner, and Sweedyk (2005) describe several ways of teaching game
development in their undergraduate programs across four universities in the United
States. Lawrence (2004) describes an experience using a game development assignment
in a second year data structures course and its effect on students’ perceptions of their
learning and interest in the assignment. The game development assignment was
considered by the students to be the most interesting computer science assignment and
increased student interest in the course, according to a class survey. Additionally, the
majority of learners reported in the survey that they felt the assignment helped them
become better programmers, and that it positively affected the self-efficacy of the

learners.

The findings of Lawrence (2004) are supported by many informal studies following the
use of game development assignments in introductory classes. Valentine (2005)
describes an experience using Reversi in CS102 and its effect on student interest and
motivation. Valentine was gratified to see students excited to create a high-quality
playable game, and reported improved self-efficacy among learners as they “bragged” to

peers and other faculty about the quality of their creation.

Ladd (2006) describes how “programming a text adventure game challenges and

motivates students in a project-based CS1.5 course. It also provides opportunities to
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introduce topics as varied as the history of computers, the fundamental separation of data
and computation, and writing clear, concise prose (p. 163).” Ladd (2006) “leverages that
widespread interest in computer games while keeping the focus of the course clearly on
the fundamental concepts of computer science (p. 163).” Ladd (2006) reported that
student engagement within the discipline improved as a direct result of the game
development assignment: students were more motivated to complete the work necessary

to learn.

Connolly (2004) was motivated to use a game development project to help motivate
students to learn given the large amount of literature supporting the use of games for
education and by providing an assignment that was more relevant to the lives of his
students than a business application. Connolly (2004) was also encouraged by the
experience of Jones (2000) who noted that games can provide “an extremely project-
oriented, upper-division course to exercise and enhance the development and problem-
solving skills of advanced students (p. 260).” Feedback from Connolly’s students was
mostly positive; however, student complaints included that the game assignment required
them “to think constantly” and that it required them to use all their knowledge from

previous courses.

The experience of Connolly (2004) seems to further support Jones (2000) who claimed
that the “integration of concepts and techniques required to design and build computer

games covers many of the topics offered in an undergraduate computer science
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curriculum, allowing students concrete application of much of the theory, concepts, and

skills they have been exposed to (p. 260).”

Leska and Rabung (2005) also describe an experience using game development
assignments in introductory computer science courses to capitalize on student desire for
graphical output and feedback. The graphical output of the game assignment both
increased the quality of immediate feedback for the learner and also provided a concrete
and quantifiable goal for the learner. The availability of rich feedback and goals are
characteristics of video games that can interest and intrinsically motivate learners
(Malone, 1980). The game development assignment for Leska et. al. (2005) also found
that this fostered quality learning within an introductory computer science course by

building player interest and self-efficacy.

Based on classroom experience with computer science undergraduate students who
programmed games, Becker (2001) argues that with games, “students have a clear and
identifiable goal and because they already know how it’s supposed to work and find the
task at hand interesting, they are more motivated to actually get their programs running,
not just for the marks but also for their own satisfaction (p. 26).” Becker (2001) also
notes that games appear to provide the opportunity to keep advanced students interested
and motivated and challenged on more difficult “bonus” componénts of the games. This
case study is an attempt to study the relationship between interest, motivation and a game

programming assignment using empirical means.
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Roberts (2000) addresses the major challenge of teaching introductory computer science
by providing interesting and challenging assignments that are open-ended and have a
development competition aspect. These assignments motivated students and kept them
interested so that Roberts (2000) reports “seeing highly talented students get so turned on
by computer science and the challenge of working on open-ended problems that they
learn more in a week than many of my students do in the entire term (p. 299).” Designing
assignments to motivate and interest students can have a profound impact on the level of

learning undergone by the student.

In addition to engaging learners, Becker et. al. (2005) describes specific game
development assignments and curriculum coverage for introductory courses.
Combinations of games including checkers and arcade games were shown to cover the
curriculum for CS2. This supports the experience described by Lawrence (2004)
studying curriculum coverage of data structures in a first-year post-secondary computer

science class using a game development assignment.

Multiple studies describe the effect of game programming assignment on student
perceptions of their learning; however, there are no empirical studies evaluating the effect
in a quantifiable method. Sindre (2003) reports a positive experience in providing
students in introductory programming courses with a game programming assignment and
states that “a topic for further work could be to give a proper scientific evaluation by
means of performance test and/or questionnaires investigating student perceptions of their

learning.” Leutenegger and Edgington (2007), describing a similar experience that
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learners found the assignment “fun” and “great”, also herald the importance of a formal
evaluation of the effect of game development assignments on student interest, motivation,

retention and learning performance.

2.5  Case Study Design and Application

A case study provides the opportunity for empirical inquiry into a contemporary
phenomenon. The phenomenon, the effect of game development assignments, is

investigated within its own real-life context: the post-secondary classroom.

An exemplary case study, according to Yin (2003) must be significant, be complete,
display sufficient evidence, consider alternative perspectives, and be composed in an
engaging manner. For a case study to be significant, the phenomena being investigated
must be worth studying; the researcher must make a reasonable argument for the
importance of the case. Appropriate measures for the constructs being studied must be
described and demonstrate validity for these instruments. For a case study to be
complete, the completeness must be assured by using multiple sources of evidence,
including existing literature on the phenomena. The evidence displayed must be
sufficient. For a case study to consider alternative perspectives, the research must
attempt pattern-matching, explanation-building and addressing rival explanations. The

case study must also be engaging to its audience.
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Not all case studies seek to establish a causal relationship or provide generalizable
results. Cases studies may also provide an excellent opportunity for exploratory analysis.
Exploratory case studies must still provide reliability of results by demonstrating that the
methods employed in the case study can be repeated in a similar study. This reliability
comes from a descriptive report of the case study application and method. When case
studies are used in the preliminary stages of an investigation, this exploratory analysis

may generate powerful hypotheses worthy of further investigation.

“Sometimes we simply have to keep our eyes open and look carefully at individual cases
— not in the hope of proving anything, but rather in the hope of learning something!”

(Eysenck, 1976, p. 9)

Within social sciences, performing research and learning in absence of “hard theory”,
means that proof can be hard to come by. Flyvberg (2006) defends the uvse of case
studies against common objections that case studies cannot be generalized and contain a
larger subjective bias. This misunderstanding about case study research is more common
among natural science researchers. According to Flyvberg, these objections center on an
inaccurate belief that case studies are less rigorous than experimental or quantitative
methods. However, case studies do contribute to scientific development by providing a
deep understanding of an individual case and are a disciplined approach to inquiry, a
valid research method, commonly used in theory-building and theory-confirming

research across disciplines.
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Employing a case study approach to an exploratory research question allows greater
opportunity to revisit and refine research questions throughout the exploration; hence, a
case study offers a flexible and responsive research method for exploratory research.
Conversely, at the start of an experimental study, phenomena are deconstructed into
dependent and independent variables and almost the entire dialogue of ideas and evidence
occurs through these secondary variables (Flyvberg, 2006). By generating and testing
research questions, case study can be a valuable method for theory-building. “The
advantage of the case study is that it can ‘close in’ on real-life situations and test views

directly in relation to phenomena as they unfold in practice” (Flyvberg, 2006, p. 235).

With the purpose of exploratory case study research being to understand and learn more
about the phenomena being studied, the investigation provides a close proximity to
reality by letting the researchers place themselves within the context being studied. The
case study provides an exploratory opportunity with the goal of better understanding the
viewpoints and the behaviour making up the phenomena of a human-centred research
question. The contextual application of a case study also provides the researcher with the
opportunity to reflect upon observations. Before reporting the results of a case study, the
researcher can refine and revise research questions. Reporting the findings of a case
study brings to closure the results and findings of testing a research question within a
specific context. In this way, the case study provides an excellent structure for
exploratory research — for theory-building versus theory testing — and offering useful

recommendations for the direction future research should take.
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CHAPTER 3: METHODOLOGY

3.1  Research Objective
The objective of this thesis is to better understand the relationship between game
development assignments and student learning, motivation, interest, attitudes towards

performance and intentions to remain in introductory Computer Science.

During Stage 1 of the case study, student interest, motivation, intention to continue in
Computer Science and attitudes towards performance (the four constructs) were
examined before the game programming assignment to generate a baseline for
comparison. Additionally, the results were analyzed to determine any relationships

between the four constructs.

Stage 2 measured the four Constructs affer the game programming assignment. Next, the
results of Stage 1 were compared with the results of Stage 2 to examine any relationship
between the game programming assignment and student interest, motivation, intention to
continue in Computer Science and attitudes towards performance as measured by the

questionnaire.
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3.2 Case Study Design and Procedure
The “How”
In order to investigate the relationship between the game programming assignment and
student interest, motivation, intention to continue in Computer Science and attitudes
towards performance, initial student perceptions of their learning must be assessed during
the Case Study. | This exploratory case study design required the following: a population,

a process and instruments for collecting data, and a justifiable method to analyze the data.

3.2.1 Participants

At amajor University in Alberta, first year students are required to take CS101 (course
codes and titles are replaced with the ACM curricula course code in order to mask the
identity of the study’s university) and CS102 in the ACM curricula. CS101,
“Introduction to Computer Science I, is generally taken during the Fall Semester as a
prerequisite to CS102. CS102, “Introduction to Computer Science II” is described in the

University Calendar as

“Continuation of Introduction to Computer Science I. The implementation of
abstract data structures using objects, with emphasis on modularity and software

design.”

One section of CS102 was offered during the 2005-2006 regular school year in Winter
2006 with ninety-one students enrolled. Participants in this study were sampled from this

population.



27
The course instructor of record has instructed undergraduate Computer Science for over
twenty years, taught the studied course for more than 5 years, holds an M.Sc. in
Computer Science, and actively researches education. Mid-semester there was a change
in instructors to a Ph.D. student new to university instruction. The new instructor did not
make any substantial changes to the course, followed the instructional plans of the
previous instructor, and made no changes to the assignments or assessment of the
previous instructor. The teaching assistant to the course, a graduate student, guided

students in assignments during tutorials and marked all assignments.

The last assignment for the students was a game programming assignment. This
provided an opportunity to investigate the effect of the game programming assignment on
undergraduate introductory computer science students. The population sampled for this
study is students in CS102 during the 2005-2006 regular school year at a major

University in Alberta.

3.2.2 Sample

Although participation in the case study was voluntary, the importance of the study was
emphasized to the students in order to obtain an accurate picture of the effect of the game
programming assignment. Students were encouraged to submit both questionnaires by
several announcements made in lectures, email announcements and reminders, as well as
postings on Blackboard, the online learning management system. Both the pre and post
questionnaires were administered entirely through Blackboard. There were no adverse

consequences if subjects refused to participate in the survey. Students were informed that
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their identity would be protected. All identifying information was removed immediately
upon accessing the information from Blackboard and students were assigned non-

identifying numbers to group responses from the pre and post questionnaires.

3.2.3 Procedure

Students were invited to complete questionnaires immediately before and immediately
after the game programming assignment. These questionnaires were designed to measure
the students’ interest, motivation, attitudes towards performance and intentions to remain
in Computer Science. In addition, the post-questionnaire also measured the amount of
time students spent on their assignments, student impressions of the assignment, and time

students spent playing computer games.

3.2.4 Game Programming Assignment

Throughout CS102, there were 5 assignments of increasing difficulty. Assignment 5 was
a game programming assignment requiring the students to implement a game applyilig
the curriculum concepts of class hierarchies and abstract classes. In past iterations of the
course, this assignment was offered as either a game programming or as a business
example, depending on the instructor. Students could work individually or in groups, in
Java or C++. Students could choose between four different games: Asteroids, Frogger,

Space Invader and Centipede.



Asteroids is a pioneer arcade game from the late 1970s of great popularity.
The original version of Asteroids has alien spaceships and asteroids moving
randomly around the screen. The player controls a spaceship (moving and

shooting).

D] ATART INC

Figure 2: Asteroids Screenshot (Atari, 1979)

Frogger is another popular pioneer arcade game where the player controls a
frog (moving and jumping). The player must dodge obstacles including

traffic, other animals and a river to win.

29
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Figure 3: Frogger Screenshot (Konami, 1981)

Space Invaders remains one of the most popular arcade games ever made and
was also created in the late 1970’s. The player controls a shooter that can fly
left or right along the bottom of the screen and shoot at rows of shooting

aliens moving across the screen.

Figure 4: Space Invaders Screenshot (Taito, 1978)
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4. Centipede was an arcade game created in 1981 that takes place in an
enchanted mushroom patch where the player defends against insects by

shooting a laser.

ARE YA
RESRERRERIOS

Figure 5: Centipede Screenshot (Atari, 1980)

There was no difference in terms of the curriculum coverage or difficulty level between
the game choices. The course instructor, who specializes in the area of undergraduate
computer science education, reviewed the assignments and determined that the
assignments were roughly equivalent in terms of content coverage and difficulty. The
reason for offering this choice was to give students options to program a game that most

appealed to their interest or their previous game playing experience.

Assignment 5 was worth ten percent of the final course grade and was marked using a
detailed rubric and a demonstration of their working game to the teaching assistant. This

marking guide, Appendix 1, assigns marks on presentation, documentation, quality of
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programming code, design, interface, and testing. Specifically to the curriculum goals of
Assignment 5, students were marked on classes, subclasses, hierarchy, use of inheritance,
overriding, overloading, polymorphism (abstract classes), exception handling, and event
handling. The demonstration of a working game to the teaching assistant gave each
student a chance to demonstrate specific features in their games. The teaching assistant
used the rubric for marking during the demonstration. Bonus points were also given to
students who went “above and beyond” and completed more difficult features in their
games including graphical interfaces, sound effects and 3-D implementations. Using a
rubric for assigning marks is an attempt to be more holistic by addressing all aspects of
the creation of a game including design and development and demonstrating mastery of

the curriculum goals.

3.2.5 Instruments

In order to assess the effect of the game programuming assignment, the teaching assistant
was interviewed and students were encouraged to submit 2 questionnaires:
1. the “pre” questionnaire completed immediately before Assignment 5

2. the “post” questionnaire completed immediately after Assignment 5.

The interview of the teaching assistant was an open-ended interview about the students’
progress towards completion of the game programming assignment, their attitudes

towards the assignment relative to the previous four assignments in the course, and their
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performance on the marked assignments. Field notes were taken to capture key responses

and ideas offered by the teaching assistant during the interview.

The primary constructs or areas of perceptions measured by both questionnaires were:

o attitudes towards performance and performance
e interest
e motivation

¢ intent to continue in Computer Science

For every construct, students responded to several questions relating directly to the
construct. With the exception of student grades and expected grades, all questions
regarding the four constructs were asked using the 5-point uni-dimensional Likert scale
(strongly agree, agree, neither agree nor disagree, disagree, strongly disagree). Exact

wording of each question is provided as part of section 3.3.

The instruments are unique since this is an exploratory case study without a pre-existing
survey created from prior study. The questionnaire was not intended to ask questions
confirming an understanding nor was the questionnaire designed as a testing instrument.
The questions were framed to probe into the four constructs and were reviewed by an
external assessor who was an experienced professor in computer science and researcher
in computer science education including the use of experimental design and statistics.

The external assessor agreed upon the face and content validity of the survey items.
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In addition, secondary measures in the post-questionnaire were used for comparative
analysis since the relationship is postulated to be important to the study:

e the amount of time students spent completing assignments

¢ student impressions of the game programming assignment

o student time spent playing video/computer games
Once again, responses were framed using the Likert scale except for responses of time

measured in hours.
3.2.6 Data Analyses

The existing, or baseline, levels of student performance, interest, motivation and intention
to conﬁnue in computer science were gathered from the pre-questionnaire. Responses
were analyzed using descriptive statistics including frequency distribution and means.
Strong, positive relationships within subscales were calculated using correlational
analysis to identify the strength of grouping responses by construct (interest, motivation,
intention to continue in computer science and attitudes towards performance) with

significance established at p<.05.

As part of the second stage of data analysis, the initial data of the pre-questionnaire was
compared to the data collected in the post-questionnaire. The variable of interest, or
intervention point of the study, is whether or not the student completed the game

programming assignment. As this variable is attributive and not controlled by the
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investigator, formal experimental design was not an appropriate quantitative research
approach. All students completed the game programming assignment; therefore, no

control group was possible within the classroom.

Descriptive statistics and #-test analysis of variance were used to analyze and to compare
responses before and after the assignment. Significant differences within a construct, for
example between student interest after the game programming assignment and student
interest before the game programming assignment, were determined using #-test analysis
of means with the sample being every student from our population who completed both
questionnaires. Students who completed only one questionnaire were not included in the

comparison of means (t-test).

After the post-questionnaire was completed, the independent variable can be compared
across two levels: before completing the game programming assignment and after
completing the game programming assignment. Since the analysis is now between two
groups, the quantitative research approach is comparative. This approach differs from the
randomized experimental and quasi-experimental approaches because there is no active
independent variable and the investigator cannot randomly assign participants to the
groups. Hence, the second stage of research examines the presumed effect of the
attribute independent variable by analyzing #-test results for significant differences. The
significant difference is determined that the variance between groups, the treatment

variance, is significantly larger than the variance within groups, the error variance.
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This comparative design was used to determine any significant differences in student
interest, motivation, intention to continue in Computer Science and attitudes towards

performance. Significance level for all t-tests was established at p<.05.

Profile analysis was also performed during the second stage of data analysis to determine
if any one construct could predict significant variance. These results were plotted by

groups formed by the profile analysis.

Students were placed into sub-groups based on independent attribute variables:
e Motivation: high motivation vs. low motivation
o Engagement: length of time spent on Assignment 5, length of time spent on
Assignment 5 relative to other assignments in the course, and enjoyment of
Assignment 5 relative to other assignments in the coursé
The purpose of analyzing students in sub-groups was to provide a comparison and remark
on significant differences attributed to secondary measures (dependent) that may explain
the impact of the game programming assignment. T-tests were also used to determine if
the game programming assignment was related to differences between our sub-groups
with significance established at p<.05. Only students who completed both questionnaires

could be included in this analysis.

The Motivation sub-group analysis compares the effect of the game programming

assignment on highly motivated students against the effect of the game programming



assignment on less motivated students. The two groups are defined using the average
response across all motivation questions from the pre-questionnaire:

e Highly motivated students: top 50% of respondents

o Less motivated students: bottom 50% of respondents
T-Test results may identify any significant differences in the effect of the game

programming assignment based on student motivation.

The Engagement sub-group analysis compares the effect of the game programming

assignment on highly-engaged students against the effect of the game programming
assignment on less-engaged students. The two groups are defined using the average
response across these three questions:

e How many hours did you spend completing Assignment 5?

37

o I spent more time completing Assignment 5 than previous assignments in CS 102

(CS102).
o I found Assignment 5 more enjoyable than previous assignments in CS 102
(CS102).
Highly engaged students: top 50% of respondents
Less engaged students: bottom 50% of respondents
T-Test results may identify any significant differences in the effect of the game

programming assignment based on student engagement with the Assignment 5.
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3.3  Operational Definitions

The “What”

Before measuring the effect of a game programming assignment on learners, interest,
motivation, intention to continue in Computer Science and attitudes towards performance
are operationally defined. This is done using the relevant questions from the
questionnaires, included below. Most of these questions were phrased so that a student
could strongly disagree, disagree, neutral, agree or strongly agree.
3.3.1 Interest
Measured separately are a student’s interest in the discipline of Computer Science and the
same student’s interest in an introductory Computer Science course. The participant is
asked to independently assess and self-report his or her interest as pertaining to our
operational definition of ‘interest’. ‘Interest’ is not defined by the research; the
participant responds from his or her own point of view and the response without
constraint imposed by the researcher’s definition. The student is also asked about having
a positive orientation or impression of the subject matter.
Operational Definition of ‘Interest’
e Discipline of Computer Science
1. “I would rate my interest in computer programming as high”
ii. “My impression of computer programming and problem solving is
positive”

e Introductory Computer Science course
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i. “I would rate my interest in CS 102 as high”

il. “My impression of CS 102 is positive”

3.3.2 Motivation

Motivation can be difficult to measure accurately. There are two general types of
motivation: intrinsic and extrinsic motivation. Intrinsic motivation exists when a student
is both willing (consenting, inclined and ready) and desiring (wanting or wishing, as for
something that brings satisfaction or enjoyment) to succeed. Extrinsic motivation exists
when a student feels a need to succeed (has an obligation or necessity arising from his or
her individual situation) or, similarly, an external compulsion to succeed (feels obliged or
coerced by someone else such as a parent). Traditional student motivators, such as
grades, are generally examples of extrinsic motivation. In this study, intrinsic and

extrinsic motivation were measured separately, as self-reported by each participant.

On a second dimension, a student’s motivation to succeed in the course was measured
separately from a student’s motivation to go above and beyond the course expectations or
excel beyond simply achieving success. The instrument did not provide a definition of

‘success’, leaving participants to interpret the meaning for themselves.

Operational Definitions of ‘Motivation’:
e Intrinsic Motivation

1. “T am willing to participate and be successful in my learning within

CS 102”
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iii.

iv.
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“I desire to participate and be successful in my learning within CS
1027
“I am willing to go above and beyond and do extra work to exceed
course expectations for learning within CS 102
“I desire to go above and beyond and do extra work to exceed

course expectations for learning within CS 102”

Extrinsic Motivation

1.

ii.

1il.

iv.

“I need to participate and be successful in my learning within CS
1027

“T feel compelled (by someone else, like a parent) to participate
and be successful in my learning within CS 102”

“Ineed to go above and beyond and do extra work to exceed
course expectations for learning within CS 102

“T feel compelled (by someone else, like a parent) to go above and
beyond and do extra work to exceed course expectations for

learning within CS 102”

Motivation to Succeed

i.

ii.

“I am willing to participate and be successful in my learning within
CS 1027
“I desire to participate and be successful in my learning within CS

102~
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iii. “Ineed to participate and be successful in my learning within CS
1027
iv. “I feel compelled (by someone else, like a parent) to participate

and be successful in my learning within CS 102

e Motivation to Excel
1. “I am willing to go above and beyond and do extra work to exceed

course expectations for learning within CS 102”

ii. “I desire to go above and beyond and do extra work to exceed
course expectations for learning within CS 102”

iii. “Ineed to go above and beyond and do extra work to exceed
course expectations for learning within CS 102”

iv. “I feel compelled (by someone else, like a parent) to go above and
beyond and do extra work to exceed course expectations for

learning within CS 102”

3.3.3 Intention to continue in Computer Science

It is not possible to measure or speculate about the effect of the game programming
assignment on whether or not students currently enrolled in introductory computer
science will remain in Computer Science through their degrees and into their careers,
based on this study. The impact of the game programming assignment on student
intention to continue in Computer Science can only be determined by an impact on a

student’s self-expressed intentions regarding the likelihood of continuing to take



Computer Science courses or programs. The study seeks to determine what changes
occur to the students’ long-term plans for Computer Science as a result of the game
programming assignment. Students provided their intentions or plans relating to

Computer Science immediately before and after the game programming assignment.

Operational Definition of ‘Intention to continue in Computer Science’
1. “I'am planning on taking more Computer Science courses”

it. “I am planning on majoring in Computer Science”

3.3.4 Attitudes Towards Performance

To assess a learner’s attitudes towards his or her own performance, a student’s
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performance in the introductory course and the previous introductory Computer Science

course and the student’s perceived ability to succeed or perform in introductory

Computer Science are assessed. A student’s attitudes towards performance is referred to

throughout the thesis and refers to both the student’s measurable academic performance

and self-measurement of ability to perform. Grades are indicators of performance and are

included in this analysis because of their impact on attitudes towards performance.

Operational Definition of ‘Attitudes towards performance’:

e Performance

i. CS 101 Final Grade

ii. self-estimate of final mark in CS 102 near the end of the semester

o Perceived ability to perform
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i. “Iwould rate my own ability to succeed in CS 102 as high”

Summary

The case study employed two questionnaires, one before the game programming
assignment and one after the game program assignment, to investigate any differences in
student learning during the game programming assignment in the introductory course.
The exploratory questionnaires probed the four Constructs: student interest, motivation,
intentions to remain in Computer Science and attitudes towards performance. An open-
ended interview with the teaching assistant provided additional data to explore the impact
of a game programming assignment on student interest, motivation, intentions to

continue, and attitudes towards performance.
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CHAPTER 4: ANALYSIS

41  Overview

The purpose of this analysis is to gain an understanding of the particular i)henomena of
the case study and the meaning for those involved. The limitations of an exploratory case
study include generalizability beyond this single bounded system. The analysis is
performed as an act of discovery and is not intended to provide a confirmation of any
theory. The research analysis looks for patterns and trends that can inform future

research and instructional practice.

Statistical analysis performed on the survey data includes descriptive statistics,

comparison of means, variance analysis, discriminate analysis and correlation analysis.

4.2  Response Patterns

Immediately before students began the game programming experience, the pre-
assignment questionnaire was administered. Students responded to questions using a
Likert scale. The Likert scale responses were translated into numbers (strongly agree =
5; strongly disagree = 1). Twenty-four of the ninety-one students in CS102 for the 2005 /
2006 school year completed the first questionnaire. There was a three week interval
between both questionnaires. Immediately after students completed the game
programming experience, the post-assignment questionnaire was conducted with a

response rate of twenty-eight of the ninety-one students. Thirteen students completed
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both questionnaires. The raw questionnaire response data collected is also available in

Appendix 3. The scores represent a convenience sample from the population under

study.

4.3 Interest

Table 1: Paired sample t-test, interest (sample size = 13)

Item

Pre-
Mean
m(a)

Pre-
SD
SD(a)

Post-
Mean

m(b)

Post-
SD

SD(b)

Mean-
Difference

m(b-a)

t-test value

(df)

p (p<0.05
statistically
significant)

My impression
of computer
programming
and problem
solving is
positive.

4.308

0.63

4.077

0.76

231

t(12) =
1.897

.082

I would rate
my interest in
computer
programming
as high.

4.077

1.038

4.154

0.899

077

1(12)=.562

584

My impression
of CS102 is
positive.

2.231

0.599

2.923

1.115

.69231

t(12)=2.420

.032

I would rate
my interest in
CS102 as

high.

2.846

1.068

3.846

1.068

1.000

t(12)=2.550

025

Student interest in the introductory course and interest in the discipline of Computer
showed a practically significant difference as shown by their average responses in Table
1: Paired Sample T-Test, Interest. Student interest in the discipline of Computer Science
was high, with zero students reporting a low interest in the discipline. However, student

interest in the course was lower than their interest in the discipline. The majority of



46
students were interested in the discipline of Computer Science (mean of 4.08) and not

interested in the course (mean of 2.85).

Questions about student interest were reframed to assess the students’ positive impression
of the subject and course. This choice led to a challenge in interpreting the results
without probing follow-up questions to understand any connection between a student’s
interest and his or her positive impression of something, like a course or a program of

study.

By conducting a comparison of means and paired-sample t-test, we make the following
observations:
1. There was not a statistically significant increase in the students’ interest in,
and positive impression of, the discipline of Computer Science. (p>0.05)
2. There was a statistically significant increase in the students’ interest in, and
positive impression of, the course from before and after the game

programming assignment. (Mean of 2.84 increased to 3.84, p<0.05)

4.4 Motivation

Table 2: Paired sample t-test, motivation (sample size = 13)

Item Pre- Pre- | Post- | Post- | Mean- t-test value | p (p<0.05 .
Mean | SD Mean |SD Difference | (df) statistically
m(a) | SD(a) | m(b) SD(b) | m(b-a) significant)

I am willing | 3.4615 | 1.506 | 4.154 | 0.801 |.692 t(12) = .082

to 1.897

participate

and be




successful in
my learning
within
CS102.
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I need to
participate
and be
successful in
my learning
within
CS102.

2.923

1.256

0.707

1.077

1(12)=3.742

.003

I desire to
participate
and be
successful in
my learning
within
CS102.

3.077

1.382

0.816

923

t(12)=2.650

.021

I feel
compelled
(by someone
else, like a
parent) to
participate
and be
successful in
my learning
within
CS102.

2.154

1.067

2917

1.311

667

t(11)=2.345

.039

I am willing
to go above
and beyond
and do extra
work to
exceed
course
expectations
for learning
within
CS102.

3.154

1.345

3.462

1.391

308

t(12)=1.171

264

Ineed to go
above and
beyond and
do extra
work to

2.692

0.947

3.769

0.832

1.077

1(12)=3.742

.003




exceed
course
expectations
for learning
within
CS102.
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I desire to
g0 above
and beyond
and do extra
work to
exceed
course
expectations
for learning
within
CS102

2.923

1.553

3.6615

0.961

692

1(12)=1.996

.069

I feel
compelled
(by someone
else, like a
parent) to go
above and
beyond and
do extra
work to
exceed
course
expectations
for learning
within
CS102.

1.225

2.583

1.165

500

t(11)=1.593

139

Figure 1 shows the average measures of students’ motivation before the game

programming assignment in terms of the forms of motivation (intrinsic versus extrinsic)

and succeeding or excelling, These distinctions in motivation, intrinsic and extrinsic, are

defined and discussed in the Methodology chapter of this thesis.
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Students reported higher intrinsic motivation than extrinsic motivation. Students reported
being more motivated to succeed than to excel at their coursework. One possible
explanation for this result is that students who are motivated to excel are implicitly also

motivated to succeed since succeeding is a necessary pre-requisite for excelling.

Student Motivation

Average response (5 = very high, 1

Intrinsic Extrinsic
Form of motivation

Figure 6: Student motivation before game programming assignment

By conducting paired-sample t-test, we make the following observations, as shown in
Table 2:

1. There was a practically significant increase in reported motivation after the
game programming assignment, both intrinsic (desire, willingness) and
extrinsic (need, compelled). There was a statistically significant increase
(p<0.05) in reported motivation for extrinsic motivation (need, compelled);
however, there was not a statistically significant increase (p<0.05) in reported

motivation for intrinsic motivation (desire, willingness).
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2. There was a practically significant increase in reported motivation to excel or

go above and beyond the course expectations after the game programming

assignment. There was not a statistically significant increase (p>0.05).

4.5  Intent to Continue in Computer Science

Table 3: Paired sample t-test, intent to continue (sample size = 13)

Item Pre- Pre- Post- | Post- | Mean- t-test p (p<0.05
Mean | SD Mean | SD Difference | value | statistically
m(a) |SD(a) | m(b) | SD(b) | m(b-a) (db) significant)

I am planningon | 4.154 | 1.345 | 4.538 | 0.66 | .385 t(12)=. | .240

taking more 1237

Computer

Science courses.

I am planning on | 3.462 | 1.506 |4.154 | 0.899 |.692 t(12)=2 | .032

majoring in 420

Computer

Science.

When students were asked before the game programming assignment if they intended to

major in Computer Science, no students responded uncertainly: all students responded

either “strongly agree” or “disagree”. Only 40% of respondents in introductory

Computer Science still intended to major in Computer Science. Interestingly, no female

respondents indicated they would remain in Computer Science as majors nor take

additional courses in Computer Science as non-majors. Due to this strong distinction

between responses, two distinct groups of respondents are formed by this answer, for the

purpose of comparison, based on their reported intentions to major in Computer Science:

majors and non-majors.
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By conducting a paired-sample t-test, we make the following observation about student

intention to remain in Computer Science, as shown in Table 3:

1. Over the course of the game programming assignment, there was a

statistically significant increase in the students’ intention to claim Computer

Science as their major. (p<0.05)

2. There was not a statistically significant increase in the students’ intention to

take more courses in Computer Science. (p>0.05)

4.6 Attitudes Towards Performance

Table 4: Paired sample t-test, attitudes towards performance

Item Pre- Pre- |[Post- |Post- | Mean- t-test p (p<0.05
Mean | SD Mean |SD Differen value statistically
m(a) | SD(a) | m(b) SD() | cem(b- (df) significant)

a)

What was your 3.962 |1.163

final mark in

CS101?

What is your 3.667 | 1.435

estimated final

mark in CS102?

I would rate my 3462 | 133 |3.846 |1.214 |.385 t(12)= 137

ability to succeed 1.594

in CS102 as high

In order to determine a student’s belief about his or her ability to succeed in Computer

Science, past performance was measured (final grade in CS 101). They were also asked

to rate their own ability to succeed in the course (CS 102).
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By conducting a comparison of means and paired-sample t-test, the following observation
can be made about student attitudes towards performance, as shown in Table 4: |
1. Using comparison of means, there was an increase of 7.7% in students’ self-
efficacy or belief in their own ability to succeed in Computer Science.
Although practically significant, this was not a statistically significant

difference. (p>0.05)

4.7  Comparison by Groups

For analysis purposes, students were separated into distinct groups. This comparison by
groups using discriminate analysis may provide a clear profile for the purpose of
classifying students into groups. These classifications, while not allowing predictions,
can be useful to identify relationships between the collected data: are the set of answers

different from one group to the next?

Gamer Vs. Non-Gamer
Students were separated into two groups to explore a possible difference attributable to
game experience:

1. Students who reportedly enjoyed and frequently played video games

2. Students who did not enjoy or frequently play video games.
This comparison by groups using discriminate analysis could not provide clear
distinctions. Overall, the data for both groups was similar with the following

distinctions:
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1. Interest in the course increased after the game programming assignment for
non-gamers more so than gamers. (Non-gamer means: Pre of 2.80 to Post of
3.88; Gamer means: Pre of 3.00 to Post of 2.86)

2. Non-gamers reported higher intrinsic motivation than gamers to succeed in the
course. (Non-gamer means: Pre of 3.35 to Post of 4.03; Gamer means: Pre of
2.75 to Post 0 3.29)

3. Non-gamers reported an inérease in self-efficacy; whereas, gamers reported an
average decrease in perceptions of their ability. (Non-gamer means: Pre of

3.50 to Post of 4.13; Gamer means: Pre of 4.00 to Post of 3.57)

This information indicates that game programming assignments do not present a
disadvantage to non-gamers. Any benefit that might be attributed to the game
programming assignment, through an increase to either interest, motivation, intent to
remain in Computer Science or attitudes towards ability, is not limited to gamers. In fact,
there was a more significant increase on the four constructs for non-gamers than gamers.
This was contrary to the research expectations that the game programming assignment

would present an advantage to gamers.

Procrastination

In an attempt to identify if students procrastinated less when facing a game programming
assignment, 87% of respondents reportedly spent more time on Assignment 5 than any
previous assignment in the course. Possible explanations of this result may include that

this was the last, and largest, assignment of the semester. The questionnaire did not
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properly identify whether or not students started the assignment earlier (more days before
the deadline) rather than waiting until the “last minute”. The questions are based on self-
reported time spent on the assignment, and thus need to be interpreted cautiously as these

may over or under report actual time spent on the assignment.

Significant Differences between Majors and Non-Majors

Due to the clear distinction between students who plan to major in Computer Science
(40%) and students who plan to not major in Computer Science (60%), two groups are
formed for the purpose of analysis. Student interest appeared to have a weaker
correlation with student motivation and success for students who were not intending to
major in Computer Science. Both Majors and Non-Majors played a similar amount of
games and had a similar level of motivation to excel. However, non-majors were
statistically more likely to prefer non-game programming assignments, reported lower
interest in the discipline, lower interest in the course, and slightly higher extrinsic
motivation than majors. Non-majors, through comparison of means, also reported lower
perceived success and lower grades. Conversely, majors reported higher interest in the

discipline and interest in the course.

There was a larger increase in the interest and motivation of majors than non-majors after
the game programming assignment. Since there was a strong increase in students
intending to major in Computer Science (comparison of means result of 13.8%), the

students who became interested affer the game programming assignment are of particular
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interest: their interest in the course and the student motivation, both intrinsic and

extrinsic, increased.

4.8  Relationships Between Constructs

In order to determine whether any relationships existed between our four constructs,
Pearson’s correlation analysis was undertaken between each question on the instrument.
These questions were then grouped into four constructs: student interest, student
motivation, intention to remain in Computer Science, and attitudes towards performance.
For the purpose of this study, it was assumed that the constructs are independent,
normally distributed, continuous and that there can be a linear relationship between the
two constructs compared. Where a correlation is stated to be strong, the p<0.05. The raw

correlation matrix is found in Appendix 2.

There was a strong correlation between student interest in the discipline of Computer
Science and intrinsic motivation. This was a statistically significant result indicating that
student motivation to succeed and perform was related to how interested he or she was in
the discipline. These students who were interested in the discipline of Computer Science
were also more likely to report an intention to major in Computer Science and reported
higher previous success. There was also a strong correlation between student interest in
the course, considered separately from the discipline of Computer Science, and

motivation to succeed, both intrinsically and extrinsically.
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Motivated students (students most motivated to succeed) reported higher interest in
Computer Science and the introductory course. Motivated students also reported better
past performance in Computer Science than students who reported lower motivation.
Contrary to researcher expectations, student motivation to excel was not significantly

correlated with interest, retention, or attitudes towards performance.

Strong correlations indicated that if students were not interested in the d‘iscipline of
Computer Science, then they were less likely to major in Computer Science. There was a
strong correlatioh between past successes in Computer Science and intent to remain in
Computer Science. Despite the strong correlation between past success, no significant
correction was determined between a student’s perceived ability to succeed and his or her
motivation, interest, retention, or even past success. This was also contrary to researcher

expectation.

It was expected by the researcher that students who are more interested experience
greater success. Student interest in the course was statistically significantly higher after
the game programming assignment. Strong correlations (where p<0.05) suggest that
students who are more interested, both in the course aﬁd in the discipline, appear to be
more intrinsically motivated, and more likely to remain in Computer Science. Students

who are more interested in the discipline appear to have a higher self-efficacy.
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In an interview with the teaching assistant responsible for marking all assignments and
assisting students throughout the course of the assignment, J oey’ provided his own
observations. The interview was an informal, unstructured interview of 20 to 30 minutes
based on some samples of student work. Joey observed that students were much more
highly motivated to complete the game programming assignment than the last four
assignments of the semester. Joey felt that the students who went “above and beyond”
and completed a superior game were the most satisfied with their experience. While
marking student assignments, he was very pleased with the quality of assignment
including some students including full graphics and very creative collision detection.
Joey was surprised and impressed with the effect on student participation, motivation,
and performance of the game programming assignment and said that this effect was
independent of the students’ choice of which game to complete. Joey’s observations

appear to be echoed by our analysis of survey data.

Summary

The purpose of this analysis is to gain an understanding of the particular phenomena of
interest in the case study and the meaning for those involved. Questionnaires and an
open-ended interview were used to explore the relationship between student interest,
motivation, intentions to remain in Computer Science and attitudes towards performance,

and a game programming assignment. An exploratory analysis performed on the

! Psendonym



questionnaire data included descriptive statistics, a comparison of means, variance

analysis, discriminate analysis and correlation analysis.

58
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CHAPTER 5: DISCUSSION AND CONCLUSION
5.1 Overview

This case study provided the opportunity for empirical inquiry into a contemporary
phenomenon, game programming in a computer science course. The phenomenon, the
relationship between game development assignments and student learning, motivation,
interest and self-efficacy, was investigated within its own real-life context: the post-
secondary classroom. The findings from this case study increase our understanding of
the relationship between a game programming assignment and aspects of the learning
experience of first-year post-secondary computer science students. Although not
generalizable, the findings from this study are promising and suggest some promising
areas of future research and teaching practice. In this chapter I will highlight and discuss
key findings, address limitations of the study, and make recommendations for future

research.
5.2 Results

The key findings in this case study come from the analysis of two questionnaires and a
brief interview. Immediately before students began the game programming experience,
the pre-assignment questionnaire was conducted. There was a three week interval

between both questionnaires. Immediately after students completed the game
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programming experience, the post-assignment questionnaire was conducted. 13 students

completed both questionnaires.

Students before and after the game programming assignment reported a change in some
key factors associated with learning: student interest, motivation, intentions to remain in
Computer Science and attitudes towards performance. A promising finding of this
research is that student interest in the introductory Computer Science course increased
from before to after the game programming assignment experience. This finding was not
accompanied by a statistically significant increase in student interest in the discipline of
Computer Science. One possible explanation for this difference is that the student
interest in the discipline (mean = 4.15) was initially higher than student interest in the
course (mean = 2.85) and thus there was different opportunity for increase. Another
possible explanation for this finding is that the learners related or attributed their learning
experience more to the course than to the discipline of Computer Science. While the
game programming assignment could be a leading contributor to the statistically
significant increase in student interest in the course, other possible explanations could
inclade changes in instruction or a new topic in lecture, which should be investigated in a

future study.

The results also indicated a practically significant increase in reported motivation and
attitudes towards the learners’ own ability to succeed, or self-efficacy. Similar to the
increase in student interest, while the game programming assignment could be a leading

contributor to the practically significant increase in student motivation and self-efficacy
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in the course, other possible explanations could include changes in instruction or a new
topic in lecture. Another possible explanation that should be considered as having a
possible effect on student motivation would be the lapse of three weeks between the
questionnaires leading the learners closer to final semester deadlines and examinations.
While there are alternate possibilities, it is a promising finding that student motivation

and self-efficacy appeared to increase.

The study found a statistically significant increase in the students’ reported intention to
major in Computer Science. This is a promising finding, and one that was unexpected by
the researcher. Students reported that they were more likely to major in Computer
Science after the game programming assignment was completed. While an increase in
student interest or motivation may be expected to lead to an increase in student intention
to major in Computer Science, it was a hopeful finding to see a statistically significant
increase (p < 0.03). As described in Section 2.2 of the Literature Review, a common
concern facing Computer Science programs across North America is the low rate at
which Computer Science students are graduating. The potential link between game
progMing assignments and intent to major in Computer Science should be studied
further. As discussed in the Analysis Chapter, enrolment in Computer Science follows a
cycle of increases and decreases historically related to local economy. The difference in
reported plans from the pre-assignment questionnaire to the post-assignment
questionnaire occurred over a short period of time. This finding is deserving of further
study into the possibility that game programming assignments may affect a student’s plan

to major in Computer Science. It would also be worth further study to explore reasons
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for any increase in retention, such as a link with increased interest or motivation. These

statistical results are detailed in the Analysis Chapter.

During an interview, the teaching assistant of the studied course observed that students
appeared to be more highly motivated to complete the game programming assignment
than the f>revious four assignments of the semester. The teaching assistant observed that
the students who went “above and beyond” and completed a superior game appeared to
be the most satisfied with their experience in the course. While marking student
assignments, the teaching assistant was pleased with the quality of assignments
completed by students, some of whom included full graphics and very creative collision
detection. The teaching assistant reported feeling surprised and impressed with an
observed increase in student participation, motivation, and performance and said that
these behaviours appeared to be independent of the students’ choice of which game to
complete. These interview comments echo the significant findings of the study’s
analysis. Based on the observations reported by the teaching assistant it is recommended
to design interesting assignments to engage learners in complex learning tasks. It is also
recommended that opportunities are provided for teaching assistants or instructors to
reflect on their teaching practices and outcomes. The interview with the teaching
assistant yielded promising feedback about what the assignment meant to the students
and to the instructor; in a future study, more focused and detailed questions might be
drafted to prdbe the teaching perspective on game programming assignments in more

detail.
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5.3  Limitations of the Study and Recommendations for Further Research

This was a case study of the relationship between a game programming assignment and
key aspects of successful student learning. The sample who provided data was small, and
the data collection focused on enrolees in one computer science course. While game
programming assignments appear to be related to increased interest and motivation, the
use of this teaching approach should be studied more in the future with a larger sample
and across several courses. The results of this case study cannot be causally attributed to
the game programming assignment due to the study design. While establishing causality
is a common research goal in the physical sciences, causal relationships are not as easy to
attain across the social sciences given the uncontrollable variables surrounding research
with human subjects. To establish a causal relationship between the game programming
assignment and effects on student learning, future research provides the opportunity to
establish strong internal validity by performing pattern-matching, explanation-building
and addressing rival explanations. To generalize the results beyond this classroom, future
research may define a domain to which this can be generalized with external validity,

such as an experimental or quasi-experimental design (Yin, 2003).

This case study employing questionnaires was designed as an exploratory analysis to
generate hypotheses worthy of further study or investigation:
= iflearners complete a game programming assignment, does this lead to greater

engagement with their learning?
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» iflearners complete a game programming assignment, does this leads to a more
positive perception of students’ own performance
» iflearners complete a game programming assignment, does this affect students’

intentions to major in Computer Science?

Further study into the hypotheses generated by this research would be enabled by
conducting a similar study that addresses the limitations of this case study. In order to
carry out a study that would yield more generalizable results, these aspects of the study
design could be improved, addressing the limitations of this study:

» modifying the survey to use pre-defined operational measures for the educational
research concepts like ‘motivation’ and ‘self-efficacy’, providing stronger
construct-validity;

= using an experimental control group which may complete an assignment which is
not a game-programming assignment but covers similar learning objectives; and,

» broadening the study across a larger population and sample size perhaps covering
more than one section of the introductory course or conducting the study at
multiple universities.

With modifications or improvements in place, a similar study could be conducted from
which recommendations for Computer Science teaching practice could be derived. For .
example, this researcher recommends a case study across two sections of the same course

taught by the same instructor but offering different assignments.



65
The way in which questions were worded in the questionnaire made the interpretation of
results difficult and often led the researcher to consider probing follow-up questions.
One problematic phrase was ‘compelled by parents’ as an indicator for extrinsic
motivation which seemed confusing upon review. Another example was reframing
questions about a learner’s interest as how positive was their overall impression of the
subject matter or course. It’s not clear that a positive impression is similar enough to
having an interest. Pre-defined operational measures for interest, motivation and self-

efficacy would aid in the interpretation of results.

54 Discussion

This exploratory case study provided an opportunity to better understand the relationship
between game development assignments and student learning, motivation, interest and
attitudes towards performance in a computer science course. Several research questioned
guided the study, and can be turned into hypotheses worthy of further study or
investigation. Promising findings included reported increases in student interest,
motivation, self-efficacy and intention to major in computer science after completing a
game development assignment. The results of this case study appear to indicate that
game programming assignments can positively impact aspects of student learning and are

worthy of further study.

An exemplary case study, according to Yin (2003) and as described in Section 2.5 of the

Literature Review, must be significant, complete, consider alternative perspectives,
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display sufficient evidence and be composed in an engaging manner. The significance of
this case study, that the concepts being studied are worthy of study, is established in
Sections 2.2, 2.3 and 2.4 of the Literature Review. Multiple sources of evidence were
analysed to assure the completeness of the study, namely the questionnaires and the
interview. Alternative perspectives were considered and addressed as part of the analysis
and discussion of the results. The sufficiency of evidence displayed as part of this case
study could be improved by performing a similar study with the above-noted

improvements.

An area that may warrant future study is the relationship between gender and success in
computer science. In the present study, gender was intentionally excluded from the
analysis. This is because the small number of female participants did not provide a
reasonable sample size for analysis. However, there may be a difference in how male
and female computer science students participate in learning assignments and is worth

studying further with a larger population.

The benefits to students of a game programming assignment in terms of career-specific
training and experience for the game industry was intentionally excluded. The growing
computer game industry is hiring Computer Science graduates and requires applicants
who are experienced and trained in game programming. This is intentionally left out
from the study in order to concentrate on benefits to student learning, rather than the
course being part of a training program for game programmers or non-game

programmers.
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A researcher expectation was that the game programming assignment may impact
learners who were gamers differently from learners who were non-gamers. Wilson
(2002) found that game playing was negatively predictive of success in computer science,
meaning that students who played video games the most, were generally the least
successful at learning computer science. In this study, non-gamer participants self-
reported a practically higher intrinsic motivation and interest than gamers. Non-gamer
study participants reported a practically significant increase in self-efficacy; whereas,
gamers reported an average decrease in perceptions of their ability. Non-gamers did not

report a greater change before and after the game programming assignment than gamers.

55 Conclusion

This chapter addressed key findings and limitations and makes recommendations for
future research as a result of the study. The relationship between a game programming
assignment in Introductory Computer Science and student motivation, interest, intention
to remain in Computer Science and self-efficacy was analysed through a case study. The
results of this empirical inquiry demonstrated a promising increase in student interest in
the course, motivation, self-efficacy and i.ntention to major in computer science. These

results encourage further study into the use of game programming assigniments by
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" Computer Science educators. Although not generalizable, the findings from this study

are promising and suggest some promising areas of future research and teaching practice.

The research aim of exploring the effect of game programming assignments on student
learning provided exploratory results with promising findings to encourage further
research into the topic. Limitations in the study design suggest that the findings be
interpreted conservatively and with an understanding that more research into game

programming assignments is needed to build upon and extend these results.
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reasonably efficient

efficient (code & data structures)

Student: Asst: Page
General Programming Assignment Rubric
© Attribute ¢ | - Unacceptable | © ~Meets Requirements | Exemplary | | Points
R Properly prepared for — ) a
formati i i ; submission; includes all names; TA; othing missing — purpose
- o0 Missing lnformation Lab section; Assignment number; Statement program highlights obvious.
of Originality
& G Nothing missing — clear labeling of
Files Missing files All included: required source, data, all parts, readme file includes
, documentation, script, instruction files everything needed to run & test
this program
Submission: - > 3 min. !Unable to figure out how.to compile & run 2-3 min. Takes 2-3 minutes to figure out < 2 min. Takes less than 2 Minutes to
: ~_after 3 minutes : how to compile & run compile: run: test
unh:’?g:;:lryoguls;:;iﬁ;a:;:::;&?:y;;?;f:m Minor Problems: Program runs Good! Demo went well, major features
2 ¥ reasonably well. Knew what they were doing shown and explained. Demonstrators
Demo: d:?:gnrzlrl:tl:‘:yT:g:m;imxd&zz::?:ure ‘Il submitted code matches demo. One group clearly understood their work. All group
‘participated {out of !hreé). member did not participate, members participated.
Presentation Total /6
Documentation . : ' :
Overall Impression “Misleading’ cofifusing oo much of toslittfe A few missing. :::s"d“"" or ielevant Accurate; reasonable; easy to read;
o = . . Meaningful identifier names [some
L less i, o OIMe poor choices. Most identifiers single letter names are OK, such as | j for
Identifier Na Meanlng or misleading ngmes explained where appropriate. indices). Explanations of identifiers where
appropriate.
Indentation; White Misleading indentation; too much or tac lttle white Some inconsistencies, some Inadequate Consistentindentation: good use of
Space e e O space % or wasted space white space
o - o ) Adequate external documentation External doc. as appropriate; [javadoc
External - No extetrial docimentation when some'is needed. ljavadoc: user manual, as necessary]. & user documentation where appropriate].
Documentation Extemal documentation.not useful, confusing, out of date. Someone else could work with this program Someone else could work with this
__or misleading with a littie help from the original program based on code and
* > programmer(s) documentation alone
Logical Blocks Few or na logical biocks documented Most logical blocks documented Documentation for @ach function and
> loop and logical block
When Defining < Includes some readable form of class
Missing cl i sonab t cl
Classes: ng .ass‘ dagrarﬁs Reasonable attempt at class diagrams diagram
Single Stfﬂf Class Missing flowchart Reasonable attempt Flowchart or other readable
or"C representation of program flow
Documentation Total | /12
# 3 =<3 Besign F =3 i
Impﬁ;e:st:gdwhat _:l:-lardly !ollowed specs no eip\anltio:ns tor Ma!ims ) Some deviations Followed s;md)(de\nations well
Style & Efficiency Poof d“ola;s of peita ’W‘rd’»w‘.‘-’cmms Mostly well thought out; most parts Well thought out; reasonably

duIqnu unjIey

SHADIANALdYV

LL



Student:

Asst: Page
Program e Mostly reasonable with a few poor Reasonable subdivisions (classes/
Subdivisions Too yortoo few chaices functions)
Flow Confusing; hard to follow Some awkward or confusing parts Logical, justifiable structure
Con:‘ts'r:::;ﬂzaglc « Magic numbers, hard:coded values Most constants named & explained Appropriate use of constants
Globals " Inappropriate use of glovals Most giobals property justified All giobals properly justified.
Initialization & N i Some uninilialized values, some clean-up Good! Reasonable initialization and
Clean-up Uninitialized values: no clean-up missing. ladiin
e Reasonable, given degree of . )
Structure Not clear  biocks do too much or toolittle difficulty 2: assignment snd lsamers P ottt ok s
o R i expected level of experience
Design Total | /16
R Input / Output / Interface _ S EEEEEE
Intro / Finish No header or introduction: no obvious end Has start & finish. Good! H“,.:;;:_‘:;’.‘_’d“““" o
;n?:rg,wmrg‘gzls':) . .. Output unexplajned. Output readable. Good! Output is clean and reasonable.
Input : Interactive Good! Input requirements explained as
4 b 7 % &, am runs
mp:g’ ??;zr:;:"(o, No explanation cfinput requirements Mnimﬂ;ﬁ:ﬂ::ﬂ inpl = S——
’ Input requirements well explain in
userg;:::)ace for external documentation
Inputl Outputl Interface Total /6
Testin g I Error Detection / Correction
Choice of test data 35 3 Mlsslng lest data. po&:y zesled Only 'es"edp‘::;t:l':ygli‘;‘ig data or only Thorough, i';?:;es some data not
Annotation Not annotated; hard to find & follow:the resung Reasonably well annotated; fairly Well annotated; easy to see & follow
. confusing - easy to see & follow the testing the testing
Enggoints Insufﬁcnent Only one or two aanclnts tested Most endpoints tested All endpoints tested as appropriate
Detection; Mostly reasonable error detection/ )
" Non-existent error detection/ no attempt at Reasonable error detection/
z‘:n’;:ac;g’t;‘; - correction/ unreasonable limitations strempled cm?{:ﬁ:{]:l?w reasonahie correction/ limitations
. 5 ol . .y R | of DEB d
Debugging Aids No evidence of debugging aids Some evidence of built-in debugging aids pmzea:stf;r;:gaen:zher?iebf:?zds
Testing / Error Detection / Correction Total | /10
[Rubric One] Style & Design Total: /50
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+Please report any omissions, errors, inconsistencies, or misleading explanations so they can be

clarified.

CPSC 233 Programming Assignment Rubric
Assignment § - Advanced:
Inheritance & Polymorphism

Brief problem statement:
This assignment involves creating an application in Java that:

e includes the use of several separately compiled classes
demonstrates the use of inheritance and polymorphism

o
o

These classes should incorporate the use of inheritance and polymorphism.

Examples include, ‘but are not limited to:

e Library Utility {(including a main program whose purpose is to demonstrate the utility): Linked

List Library, Matrix Library, Drawing Utility

e Games:

demo’d to ensure adequate assessment)

The use of PACKAGES is still not required, and will not be considered an asset in this application.

The following requirements apply to all fifth assignments.

If you choose to submit a program that does not have a grading scheme described, the table below lists the

elements that must be demonstrated.

This fourth assignment will be assessed as ‘A’, ‘B’, ‘'C’, 'D' or ‘F’, with possible pluses or minuses.

Asteroids, Centipede, Frogger, Space Invaders (games will likely need to be

This rubric is a guide: no further detailed description will be provided for this portion.
This rubric is meant to be used in conjunction with the general programming rubric.

| - ‘ Meets Exceeds
Attribute [|| Attempt ‘ Requirements M Exemplary
Still only
one class, Classes are
or more Reasonably clear, neither too big
Classes and than one |relatively independent| nor too small;
subclasses "
class, but classes. can be logically
all still justified.
static.
L . able to define
Inheritance: . gffs:;ni; mr?iirgfli?leodn and create consistent,
creation & use deriv egcl asses simple inherited | effective use
classes
Uses UMLlike | Si5es UML
notation to ST
Can create accurate distinguish rg;:tt:gg;'}':h s
Class Crude representation of the relationships betwe enp
hierarchies outline. | class hierarchy inthe | between classes classes and to
program. and to highlight highliaht
attributes and t 'bgt g d
behaviours. atiributes an
behaviours.
L 1 -2 examples, .
Overriding / One moderately well Ableto use | Clean, obvious,
Overloading | example | justified. Code shows | appropriately, | well-justified.
but not distinction between justified in




justified. the purposes of
overloading/overriding.

documentation.

Uses at least one

Appropriate use.

Pol)&nl;gtrg r::'ts m/ Code base class and two Defines abstract| Consistent,
classes compiles. derived classes classes as well-justified.
. appropriate.
Able to detect
Can follow . and correct
valid code. c%;ir'?sgit:atg; subtle errors in
Able fo use Can use necessary |use isyconscious code examples.
. snmpl_e constructs. Can create| and deliberate. Orgam_zes c_ode
Exceptions ones in . ; to avoid frailty.
code simple exception Can propagate Can propagate
copied handlers. one exception n'?ulti%leg
froman t?ég:ghoPéj;ZZle exceptions
example. * |through multiple
levels of code.
. Clear
- Hand Recognize .
Aﬁggetg’ngze execution | Can use pre-defined different l;?gersrtgnrcii;rtlg
2xce tions of valid exceptions. classifications of ?12 e gf
P : code. exceptions. exceptions,
o . Hand Create
Abllltyntec:Ndeflne execution Can create simple | exceptions that | Well-defined;
exceptions of valid exceptions. recover justified.
P . code. conditions.
. " Able to describe
Eventriven | Descrve, in| e an axamorecy | SNt oxamples | " goneralterms,
Programs differ | general each p where each roblems that are
from Data-Driven terms. ' approach wpuld be{P appropriate to
programs. appropriate. each
Describe with FERTR
Understand the visual examples. b etv?':g:'g‘;'seb ent
Java Event Sort-of. Describe. Distinguish and an exception
Model between an event Implem erllat :
and an exception. P i
Two different .
> 1 different
. examples. One
Implement event- Deiseigﬁel One working example. coded. Can O%‘;id ?éaamp;?:'
handling g an fol 03\'/;, Can create simple event] propagate one multip e Ezvgnts
methods. s handlers. event through P .
valid code. . through multiple
multiple levels of levels of code,
code. i

Points: General Grading Explanation:

A | 4.0 | Exemplary
specifications.

goes well beyond the requirements as laid out in the assignment

B | 3.0 [ Exceeds requirements | goes beyond the basic requirements as laid out in the assignment
specifications in ways that add value and meaning to the solution within the
context of the objectives for this course.

C | 2.0 | Meets reguirements as laid out in the assignment specifications.
D | 1.0 [ Attempt submission suffers from serious or un-ignorable flaws or difficulties.
F {0.0 | Fail
Assessment: Letter Grade Mappings
A = Exemplary B =Excedes C = Meets gt:n?il;l:d- F = insufficient
Minimal Minimal

80



Requirements

Requirements

B+

B

B-

C+

c

c-

D+

F (reasonable

not submitted

attempt)
GPA| 40 | 3.7 | 33 |30 |27 |23 }20 |17 |13 ] 1.0 0.5 0.0
/50 | 50 | 46 | 42 | 38 | 34 | 30 | 26 | 22 | 17 | 13 6 0
/100 ) 100 | 92 | 84 | 76 | 68 | 60 | 50 | 44 | 34 | 26 12 0

81



2:

Raw correlation matrix

1A2 | B4 | B2 | 104 | 1C.2 [ D4 [ ID.2 | MA1 | MA2 | ¥4BA | MB.2 | 1A | WC2 | MD3 | WD2 | MEd | ME2Z | Fa | MF2
D170 7250)] 7920")) 679r] 62503 _ 02| .695(7) o.g{ 559()] .569()] 0.187| .736("1| _0486] -0.447] -641(] o.a:»_a_l 0,265 u.azl .47

a1 |_000i] 0005 0001] 0011 0.021) 0513] G008| G057 0047] 06047] 0541 00J4| 0092] 0125] 0025 0.267] 0502 0575 6633
13 13 B 19 13 13 13 LE ] I I 3 B 13 R [E) K 13
73207)|_714()|_0.507]_0.203] 0427| 0.529] 0.549] 0.527| 0444] 0.31] 667(")] 0403] 0324 -657C) 0A77| 0:279] 0.151] 0.162,

A2 0.004] _0.008]_0.077|_0315) 0146] 0.063 _0.052 0.064] 0129 06.307 o] _0472] 026] _ 002 0099| 0.356] 0.621] 0596,
3 [E) IEE IEE I ) £ KE] IR IR 13 B 13 12 1 1] 13 13

880("]| 0371 .582(] 0312] 0237] 0.349] 566()] 0107] 0.114] 635)| 02393] 0312 0465 0.289] 0.089] 0.195] 0022

1B.1 0| "0212] 0.037] 0.205] 0435] 0243] 0035 0.518] 0.712] 002] 0.184] 0.299] 0128 0.557] 0.773] 0522] 0942
[E IEE IEE BEE 13 [ IEE I R 13 [E IEE 2] 13 B 13 13

0.393] 0512] _0.2]  0461] 0497] .6500| 0.239 0| .681()| _0454] -0461] -0456] 0255 0072| 0.06] -0.06

8.2 0.184] 0074| 0.512]  0.113] 0084] 0.014| 0.4 1] _001a] 0.119] 0.133] _0.157] 0.403| 0.616) 0.645] 0,846,
18] 13 13 13 [E] NREEE) EE ) 13 [EIKE [ D 313 13

0403]_0.06] 0321) 0241] -008] 0.268] 0.393] 0379 D] -0321] 053 -0.048] -0.238] 0158 0.283

.4 0.172] 0845) 0.266) 0427] 0795 0.106] 0.184] 0203 1| 0266] _0076] 0.677] 0.433] 0605 0349
13 13 13 [< EE EE E 13 1B 13 12 13 3] 13 EE

0.055] 0.339] 0468] 0388] 0233] -0211] 0274] 0356 -0.059] -0.184| 0.064] -0.083] 0212] 0111

ic.2 G646] 0257] 0.106] 0191 0443] 0480| 0364| 0219 00648] 0568| 0.635 0.768) 0.486 0710
13| 13| 13 13| 13; 13| 13| 13 13| 12 13| 13| 13} 13}

G.124] _0.307] 0.225] .6120)] 662r)|  0.46] 0267] -027|  -0.26] 0.076] -0.229) 0361 707(")

0.3 0687] _0.308] 046 0.02%65] 0014| 0.114] 0342] 0373 0414 G805 0.453] 0225 0007
13 [ T IEE IR 13 [ENEE B 1 B 1 13

72107)|_615C)]_0425 Ol 6300y 660¢)| -0 197] 0345 054] 0.388] 0.196] _ 0.05

iD.2 0.005| 0.025] 0.147 i| 0021] 001z] 052] 0272] 0057 049 052 o087
W©_ 13] 13| 13 13 1313 [ R B 13

0.489]_0.197] -0.156] .662¢)| _0474] 0004] -0216] 620() _0.208] 0341 0041

MAL 009] 052 061] 0014] 0.102] 099 0.5] 0024] 0.495] 0254] _0.634
13) 13|13 13 813 12l 19 1319 13

0178 -0.147| 691(1| .692¢1)| -D225] _ -0.43| 0363 _ 0.38] ©.477] -0.492,

MA2 0.56] 0.631] _0.033 0l _046] _0163] 0222] 0.201] 0562] 0.529
[EEE 13 1313 [ IRE 13| 13) 13

5637|0292 0.325] -0.301] _ -0.32] -0.042] -0.026] 0.048] 620"}

MB.A 0045] 0333|0278 0318] 0311 0.8%2] 0.934] 0.875| D024
3 13 [E IEE EIEE (5 EE 13

0341 o] 0552 -0423] 0.175] -0.339] 0.249| 65007

MB.2 0.254 1| 0051 0a7] 0567 0257 0412 0]
13 [EKE FIE X IR 3




1A.2 18.4 1B.2 Ic1 Ic.2 | D1 | 102 MA1 | #A2 | MBA | MB.2 | 1CA | MC.2 [ MDA { WMD.2 | MEJ | ME2 | MF4 | MF.2

0,443} -0.517] ~797(*)f 0531 0,153} 0.401] 0307

MCA 0129 0071 0002| 0.082] 0617) 0.i74] D30Y

13| 13 12| 13] 13| 13| 13|

-0 09§ =027 0.J04] 0367] 0.215| -0.123)

MC.2 0756 ©0397] 0.313] 0.218] 0.48| 0.69

13| 12| 13| 13] 13 13

673(*)] 0.272) 0.397' -0.196] -0519

MD.1 0,016 0388) 0.179] 0.52] 0.069]

12 13| 13 13 13

-0.054] 0.118]| -0.051] -0.386]

MD.2 0.867] 0.715] 0.874] 0.215]

12 12 12| 12|

761¢*)] 0.498] -0.115)

ME.1 0.003] 0.083] 0.709)

13| 13) 13

0243] -D.404

ME.2 0423 0171

13| 13|

0.325]

MF.A 0.278]

13
MF.2
MG
MG.2

MHA

MH.2

&3



1A2

181

B.2

Ka

Ic.2

1D,2

MA1

MA.2

wms.

MB.2

McA

MC.2

MD.1

WD.2

ME1

WE.2

MFA

MF.2

RB.1

SA.2

SB.1

84



MG | MG2 | MHA | MH2 RAJ RA2 | RB4 | RB2 | sAd SA2 | sB3 $B.2
0452 0487 -0.108| -597(")] .628(*)| 0.169 0.5_4| 0.498] ,586()] .684(")| 0.413] .720(*")
A4 Q.121] 0.092] 072§ 0041] 0022 058] 0057) 0083 0035)] 0018] 0161] 0.005]
13 13 13 12| 13 13 13| 13 13} 12 13 13
0.5] 0501| -0.09] -B34()| 559(')| 0.243] 0.549| 0.347] 711(™)] 626(')] 0.457| .845()
IA2 0082| 0081 0771 D.027) 0047 0424] 0.052] 0.245| 0.006) 003 0.117} 0.017]
13 13| 13| 12| 13 13 13 13 13| 12 13 13
0.365) 0.366) D066 -0374] 708(")j 0299] 0.508| 0.165] 762(*'}] 0487] 0334 .505()
18.1 0,219] 0218 0831 0.231f 0.007| 0.32]  0.076] 0.50] 0002 0108 0.284] 0.028
13| 13} 13 12| 13 13 13 13 13 12 13| 13
0.308] 0.267| -0.151} -0.397} .737(") 0.27] .743(°")] 0.484] .B44('N 0552| .563(9] .787(")
18.2 0.306] 0377 0621 0203] 0.004f 0.372| 0004] 0094] 0018] 0.063 0.045 0.001
13 13 13 12 13} 13 13 13] 13 12 13 13|
0375] 0022|0114 -597('}f 0.263] -0.34] 0.149] 0.083| 0,193] 0.305} 0.378] 0,397
IC.1 0202} 0.842} 0.712] 0.041] 0386] 0255 0627) D787( 05271 0334} 0.203 018
13 13| 13 12 13, 13 13 13) 13/ 12 13 13
0.285] 0437} 0.183] -0.162) .876(") 04| ©0271] 0479) 0319 0444] -003] 0237
ic.2 0.345]  0.136) 0549 0615] 0011] 0175| 0.371] 0558| 0288] 0148) 0922 0.435
13 13 13 12| 13 13 13 13 13 12| 13| 13
0.545] 0.506) -0.181] -0.235] 0192] 0.245| 0.255| 0.114| 0.095 -0152) -0.18] -002]
0.4 0.054] 0.078] 0532 0.483)] 053] 0418] ©O401] 0.712) 0.756] 0638} 0.555| 0.949
13 13 13 12| 13 13 13 13 13} 12| 13| 13
59507 587("| -0 127 0.24 0.25] 0364] 0462 808(*)] D163 0559] 0289 043
10.2 0032 0.035] 0678 0452 041] 0.222| 0412| 0001] 0588 0.059) 0339 0.143
13 13 13 12 13 13 13| 13| 13 12 13 13
603" 0.478]  0.045] -0.574] 0538 .567()] .633Y| .682()] 0.108| 0374] 0.434] 0.179
MA1 0.009] 0.098] 0.884 0.589] 0.058] 0.043| 0.02| 0.01 073} 0.232] 0.662| 0.559
13 13 12 12 13 13 13 13 13| 12 13 13
0.348] 733(*)]  -0.34{ -0.254] .595(")| .776(*")| .627(7)] 659} B33} .657(')] 0.318| .626(")
MA2 0.248]  0.004] 0.256 0425] 0032] 0.002] 0.022} 0.014] 0.02 0.02] 0.288] 0.022]
13 13| 13 12| 13 13| 13 13 13 12 13 13
0424] 0526] -0.163] -0.202{ 0.254] -0.046] 0064} 0.233] 0.026] 0.177] -0.077 0.32
MB. 0,149)  0.065) 0 536 5358] 0402 068] 0534 0.444] 0932] 0582] 0603] 0.267
13| 13 13 12 13 13 13| 13 13 12| 13 13
0.304] 0.123| -D.289| -0.516] -0263] -0.357| 0] -0.131] 0.101] -0253 9 [
MB.2 0.313 0.63( 0339 0.086] 0385 0.231 1]  0.669] 0.742) 0429 1 1
13| 13| 13 12 13 13 13 13 13 12 13 13

85



MG | MG2 | MHA MH2 | RA1 RAZ2 | RBA RB.2 | SA1 SA2 | SB4 $8.2
0.547] 0.483) -0.285] -73%("} 0.397] 0316} .742(*0| .593{")} .598(')| 0.414] 0478] 0.504
MCA 00531 0.11%] 0327 D 006} 0.18] 02931 0.004 0.032] 0031 o0181] 0093 0.079
13| 13| 13 12 13| 13| 13 13 13 12 13 13)]
0.526) 050"} -0.25] -D.139] 0455} .773(™)] 0.407| S68() 0439 6310 0.077 042
MC.2 0.065] 9 0.41) 0666] ©118] 0.002] 0.168} 0043} 0.134] 0028 0.803} ©.153]
13 13 13 12 13] 13 13| 13 13} 12 13 13
0.108] 0082 764(*)f 758"} -0076; 0227| -617(")] -0.374] -0364] 0016] -0523} -0.494]
MD.1 0.725] 0.839] 0.002 0.004] 0.805] 0455 0.025] 0208 0.222] 0,561 0.066] 0.085)
13 13 13| 12| 13} 13 13 13 13 12 13 13
-0.198] .0.268| 0.508] 928(*)] -0297| -0.051| -586(7] -0.456] -581()| -0332| -.656()] -.611(")]
MD.2 0.536]  0.399] 0.092 O] 0.348] 0.874] 0045] 0.337] 0048] 0.218) 0.02|  0.035)
12 12| 12 12 12 12 12| 12 12| 11 12] 12}
.605()] 0.372] 0.354 0.122] 047] 0.3838] 0.209] 0293 0.164] 0.272] -0.09] 0.015]
ME.1 0.028] 0.21]  0.235) 0.706] 0578] 0.216] 0493] 0.185] 0.592] 0392 a.771] 0.959
13 13| 13 12 13} 13 13 13 13 12 13| 13
021] 0.393] 0.245 0.266] 0.337| 0.342| -007] 0205] 0.244] 0477 -0.17] 0.144
ME2 049 0.184] 0421 0404] 0655] 0253] 0.819] 0502 0422] 0117 0579 0.638]
13] 13 13 12| 13 13 13 13 13| 12 13 13|
0379] 0.317] -0,072] -0.058) 004] 0.282] 0.225] 0.188] 0.102] -0197| -0473] -0.3%4
MF.1 0.201] 5.201]  0.316] 0.358] 0896] 0.342] 0461] 0.806] 0.741 0.54] 0.102] 0.264
13 13 13| 12| 13 13 13 13 13} 12 13 13
0.008] _0.088] -0245] -0368] -0264] -0362] 0.026] 0051 -0182] -0506] 0122 021
MF.2 0.306] 0.774] 0.419] 024] 0.384] 0.225] 0933 0867 0551] 0.093 0592] 0.695)
13 13 13 12| 13 13 13 13 13 12 1] 13]
5930°)  0.307] -0.086] 0246] 0.369] 0.195] 0368 0.021] 0192| -0.143] -0.007]
MG 0.033f  0.308) 0.839] 0418| 0.215| 0.524] 0.217| 0.945] 055 0642 0.982]
13| 13 12| 13 13 13 13 13 12 13 13
<0071  -0.129] 0.437| .748(™)| 0.19) 0364] 0386 0.562| -0.476] 0.231
MG.2 0.818 0.668] 0136] 0003 0533] 0.222| 0181 0057| 0566] 0448
13 12, 13} 13 13 13 13] 12 13| 13|
59X -0.051] -0.103| -587(7] -0.454] -0.263] -0.037| -0.409] -0.392
MHA 0042 0.87] 0738 0035 0.119] 0385 0.91] 0165] 0.185)
12 13| 13 13| 13 13 12 13 13|
<0259 0.058 -.591(7| -0.311] -57%")] -0378} -.660{7| -0.544
MH.2 0415] 0658 0.043] 0.326) 0049 0255, 0.02) 0.067)
12 12| 12 12 12 1" 12 12]

86



MG4 | MB2 | MHA WMH.2 RAA RA2 | RB4 | RB2 | SAd SA2 | sB4 §B.2
556 .579(7] 0.324] 0537}  0.565) 0.19] .577(")
RA.t 0048 0038] 0231] 0058] 0055] 0534] 0.039]
13 13 13 13 12 13| 13
04| 0411 0.355) 047] -0.u17] 0.112
RA.2 0.476] 0.164] 0234} 01423] 0.704| 0.718]
13 13 13 12 13 13
743"y 0463] 0309 $92(%} .589(")
RB.1 0.004] 0.111) 0.329] 0.033} 0.034
13 13 12 13 13|
0085] 0281 0424} 0.482
RB.2 078] 0.375| 0.149] 0.0%|
13 12 13 13
T510°%) 047} .674()
SAA 0005 0.105] 0.012
12 13 13
0.451] .698(")|
SA.2 9 141] 0.012]
12} 12|
770(7)
SB.A 0.002

13

87



88

G2 G3 D4 D2 1A

Gt

Raw response data

THUWOVLTULT TV T CTTTTOMTETTTO

W < W < < O 2t SO et Tt T 00N

TUMOBLVLROTOOTVVLTOBOT T TG
o - 0 < ™ N < o

w0 VLY WY R VBIDYIEITROVIVYFOWY

« © o< [ Sedao © < T <

CENTETANANTNErOOE DM -NN NN

SOOIV VDT ST O MI W

crreerer dANNNNOMOOOTTET TS T

3.5
5
5.5
55
5
1.5
2

MLTNONOT NTOHOWTWVLONTWIODMTIHO w

O TONMT I TBLBOLONNNETOLTANNO M -

TUETTHTLU O TOLONNDTTOODOT TO w

HEOMTONOOLNOLBLBANNTTTTIOON TS

5

37
33
35
39



18,1

(SN2 oW QO n

LN

PQAOQLOOLHLANNCOLLANLG

B2

ALAADMDANVDILALVLAANLVTOONAOOAO DN

Ic1

25
3.5

25

25
25

2.5
25
1.5

e
NONWIWIDNOLON

1c2

~ DD

€ Lo T~ 4 ! o 3
ARLUWBNBRONOOLANAR2DITION

o

Ica

W W

[SEARN)

N W

NN

MONWAWRD DLt 2 RONN

1.2

DOLBODAWSNODWNNNOWL=-LN=NMLN

1D.1

AN

ANN

@

WWN W

NBND=2D2DODNNOONDLND

ID.2

EDWARNIMLWOWANWLDOODMDI: DaARNIOG L

M

2
425
4,25

1.78

N W L)

225
25

425
275

3.25

2.25
225

225

M2

4
45
4
25

425

375

475

275

3.25
3.25

35

3.75
425

3
3.25

ME1

275
225
225

1.75
225

275
15

225

275
375

ME2

25
25
1.5
3.25
275
35
225

3.25
375

25

275
35

35

35
3.25

MA.1

N W aon QN

AN

NDOMvGaRDRDLONDDNNOOONDOO

89



90

TITWLONOYT

MG.2

NN

MG

TOWOTNT

MF.2

MF.1

TW-OOWDW

ME.2

o~ N

ME.4

NNTNN~T

MD.2

NN~

MDA

TITWITANET

MC.2

N W

MC

TOOLTONC

mB.2

0N

™mB.1

TOWHWITOOT

MA2

<

™

<

o

<+

<

<

OTORITANNANTTOITTTOOO

-mnww M e N NG NOBNGBNNONONNN a N

OOOTOLTONTTTNOOT OO

~Mw oMo MmN MONNNNNNONNONOMON

TOHWLNNOONTONWITON

N W <N MO Nn NONANANNNNOANNNOON

< - TONNOOOTTONST

NN~ N~ ON0 ANNNOONTNENONT NN~

THLONOOMTOITITTTTOT

N0 ©m DNANNN NUNAOUNNNNNNNODON

TTWOUCRITOOANTIITOTON

N N NNNO® NNNOOLNONANNNODLNON

THWRINTOIITITLTTTITOL



MHA

-

N

B ASEANZRAN NRAR W= -0

- N

MH.2

AW D2 AN

WDANOWIAIAWNNNNNA

Mx1
2
225
2,25

125

2756
1.25

2.25
2.75
275
425

2,25
1,333333

MX2

2.75°

225
1.5

275

RA.

Lo

wo v

9N

QLML WN =G AN N

RO Kn

CRUONAQLELLWARAUOAIANIONONNOODD

RB.1

“nan

aN [LNS R

NNRON

aapnpan GORNNNNNDWY

GOWAANIRIIMLDAORIMALDMOAGDIUN HLWNOONS

=3

231 Grade 233 Grade SB.1

5.5
4.5

5.5
45

25
45

45
55
a5
45

5

35

WO b

QoW

(SN (SRS e

OMNON

WONOAON N2 ONOOOW

£8.2

PRIMVWWNNARMANDILQOAIAOALOOOD

91



