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Abstract

Effectiveness of Using Digital Game Playing in a First-Level
Programming Course

by
Sandra Westcott

Submitted in partial fulfillment
of the requirements for the degree of
Doctor of Professional Studies
in Computing

December 2008

In this high tech world of globalization it is paramount that students know how to think
critically, and know how to identify, analyze, and solve problems quickly and effectively.
Computer programming courses can provide students with a good foundation in these
basic skill sets however, in many U. S. colleges and universities student enrollment in
computer related majors is declining. In the fall of 2006 only 1.1 percent of incoming
freshmen expressed any interest in computer science as a major. Enrollment in Computer
Science needs to increase if we are to remain competitive.

Often students enrolled in introductory computer programming courses find the subject
difficult. Several studies have concluded that even after students successfully complete an
introductory programming course, they still find it difficult to design and code
programming solutions.

This research investigates the effectiveness of using digital game playing to bring
computer programming education into the world of experience of novice programming
students enrolled in a college-level introductory computer programming course. The
research determines whether or not digital game playing improves the effective transfer
of the students’ problem solving, critical thinking, logical, and programming knowledge
from game playing to a formal programming environment. This research also explores
whether this method is more effective for certain majors.
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Chapter 1 Introduction

1.1 Problem Statement

Students preparing to enter the workforce need to have a wide variety of skills in
order to be successful in the 21% century workplace. They need to know how to interpret
and manage information and symbols from multiple sources, and know how to work
with, and integrate, different media into their everyday tasks. Because students need the
ability to work in teams and collaborate with others of diverse backgrounds,
communication skills are critical. Students also need to be risk takers, know how to
analyze and assess situations accurately, be creative problem solvers, and know how to
make critical decisions quickly. They need the ability to multitask and handle change
effectively. Today’s workforce needs to possess a visual literacy that was not needed a
few decades ago. [32, 41, 62, 70] Students can learn these needed skills in a variety of
ways. One way students may acquire some of these skills is through playing today’s
complex digital games. Another way students might gain some of these skills is by

learning computer programming.

Although computer programming may be effective in teaching students how to
develop needed skills such as analytical, critical thinking, and problem solving skills,
according to a survey conducted by the Higher Education Research Institute at the
University of California at Los Angeles (HERI/UCLA), student interest in computer

science as a major has declined by 70 percent since 2000 and by the fall of 2006, only 1.1



2
percent of incoming freshmen expressed any interest in computer science as a major.
[80] While some might attribute this decline in enrollment to the widely-held public
perception that most technical jobs are being outsourced overseas, a much more
important reason for the decline in enrollment may lie in the lack of preparedness of
many students to handle the rigors of the major and college-level work in general. If this
country is to maintain a technological leadership role in this global economy, the decline

in enrollment in computer majors needs to be reversed.

Students may not be interested in majoring in computer science courses but they
do love technology and playing digital games. They have grown up using technology and
playing digital games. Studies have shown that 98% of today’s students have used
personal computers and 96% of them have gone online for various reasons. [68] In
addition, studies have indicated that by the time students have reached the age of 21, they
will have played over 10,000 hours of digital games but will have spent less than 5,000
hours reading books. [10] Students today are different. Their needs are different. Their

learning styles are different.

Attention needs to be given to the learning styles of today’s novice programming
students. Many of them have learning styles that differ from the styles of their
programming instructors. Because these students are accustomed to playing exciting and
engaging video games that contain vivid graphics and interesting plots and storylines,
[34, 62, 66, 73], they may prefer to learn in a more sensory, immersive way. [60, 62]
Students who are sensory learners may quickly become bored when they are required to
learn new concepts by simply reading programming textbooks, listening to technical

lectures, or writing algorithms and code. This may be particularly true when they do not



see the relevance or practicality of the topics and exercises to their lives or career goals.

Because of the sensory learning styles of today’s students, there are several researchers
who believe that digital games may prove useful in motivating student learning. [2, 6, 8,
9, 23,29, 34, 60, 63] The learning styles of students are a significant factor affecting the

assessment outcomes of students enrolled in an introductory programming course. [77]

Today, college students of various disciplines are often required to take an
introductory computer programming course. As the complexity of computer
programming languages has increased over the years, computer science professors have
noticed that novice programmers have had increasing difficulty learning to program. [35,
43, 64] Several multi-national, multi-institutional studies have shown that even after
students successfully complete an introductory computer programming course, they
cannot design and code a programming solution to common programming exercises.[25,

46, 53]

For years the main focus of many introductory programming courses has been on
teaching novice programmers the programming language syntax. [3, 18, 20, 71, 74] This
approach to programming presupposes that students entering an introductory
programming course already possess basic proficiency in critical thinking, problem
solving, and logic. In addition, the context of many programming exercises that are
assigned to novice programmers are based in business concepts, mathematics, or
computer science and thereby assumes that students have the basic knowledge needed to
complete the programming exercises. [18, 51, 56] Perusing through the word problems
contained in some programming textbooks reveals that this knowledge includes, but is

not limited to, knowledge of profit margins, price mark-ups, taxes, metric conversions,
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quadratic equations, price discounting, rational numbers, compounding of interest,
Fibonacci numbers, and factorials. [30, 49, 69] Novice programming students not only
need to learn the programming language, environment, terminology, concepts, logic, and
debugging techniques, they also need to learn how business works and need to
understand mathematical concepts they may not have previous learned or mastered. This
places an enormous cognitive load on many novice programmers, and for students who
may have no fundamental understanding of business, have a weak foundation in
mathematics, are academic underachievers, or have weak critical thinking and problem
solving skills, this introduction to computer programming may lead to frustration, a

change in major, or failure.

When the main focus of an introductory programming course is on syntax, topic
material is often presented to students all at once whether or not the students need that
information to perform the assigned exercises. [14] For example, when students need to
learn about a particular data type, the traditional approach is to teach the students about
all data types that exist in the programming language being studied regardless of which
data type is needed for the assignment. This overwhelms students with too much
information and students tend to disregard information that they do not deem as
necessary for the task at hand. [17, 61] However some researchers have found that for
novice programming students learning the programming syntax is not as big of a problem
as figuring out how to put “the pieces together” to create a complete, logical, working

program. [31, 37, 64]

Several studies have found that novice programmers think differently than expert

programmers. [22, 35, 43, 51, 81] According to Lister, expert programmers organize



information in more flexible, abstract ways. [47] They create mental schemas based

upon experience and then are able to apply those schemas to similar situations. [56]
Expert programmers also tend to think in algorithmic patterns as opposed to the line by
line approach used by novice programmers to solve problems. When confronted with
new programming problems, novice programmers do not see the similarities from
previous problems and therefore, they tend to be context specific in their problem-solving
approach. [43] Even after students have successfully completed an introductory
programming course, numerous studies have shown that students are still unable to write
a coherent computer program to solve a problem. [25, 36] In an attempt to remedy that
situation, some educators have tried to engage novice programmers by having the
students write computer games. [11, 39, 42, 44, 48, 75] This research differs from the

game writing approach.

1.2 The Scope and Purpose of this Study

This study explores the effectiveness of using digital game playing in teaching
computer programming to first-level programming students. While many studies have
used game programming to teach introductory programming courses, no research has
been found that has used digital game playing to teach programming concepts and

constructs to novice programmers.

The goal of this research is to bring computer programming education into the
world of the students’ experience in a way that is engaging and meaningful to them. This
research addresses the questions as to whether or not digital game playing can improve

the learning assessment outcomes of novice programming students.



Digital games are constructed using the basic programming constructs
(sequential, selection, and iterative) that students need to learn in a first-level
programming course, and students tacitly learn these constructs through hours of repeated
game playing. The research design developed for this study will use a series of steps to
facilitate the conversion of the students’ tacit knowledge of these constructs to explicit
knowledge, thereby providing the foundation upon which the students can anchor C++
programming concepts. The research design has three main steps: black box game

playing, white box game playing, and transition to the real-world C++ environment.

The research will begin by having students play Internet-based digital games they
know such as Solitaire and Tetris. Because students will not be able to actually see the
programming code for these games, the games are considered a black box game
environment. Mapping the game playing to the programming constructs begins with the
instructor explicitly discussing the rules of the game being played in terms of the
programming concepts and constructs. For example, in the game Solitaire a player draws
a card and needs to decide if that card should be placed on one of the four suit stacks
according to suit and numeric sequence, whether the card should be placed on one of the
seven row stacks according to suit color and numeric sequence, or whether the card
should be placed in the discard pile. Students will explicitly be told that this is an
example of the selection construct and that any time there is a decision point in which
there are alternative choices of action based upon whether or not a condition is met, it is
an example of the selection construct. (More detail about this mapping is provided in
section 3.3.) After mapping several more examples of game rules to the selection

construct, students will have the opportunity to provide additional examples from their



own every day life experiences which illustrate those construct discussed. This is
important so that students understand that the concepts and constructs they are learning
are not context specific. This mapping process will be repeated for each of the

programming constructs.

The next step in the process is to transition students to a white box game
environment where they can still play digital games, but now will have an opportunity to
glimpse at the code behind the games they are playing. The Scratch software will be used
as the white box game environment and will serve as a bridge between the game playing
environment and the C++ programming environment. The software is a simple, easy-to-
use, multimedia, color-coded, drag-and-drop game environment created by MIT Media

Labs.

During this white box game environment step, not only will students play the
games and see the code behind the games, they will also have the opportunity to modify
the code to enhance the games they are playing. In order to modify the code, students will
have to read the code, be able to understand the logic, and then fit their modifications into
the existing logical design of the game. Students do not have the opportunity to modify or
enhance the games they play in a black box game environment. The instructor will
explicitly help students in mapping the programming concepts and constructs learned in
the black box game environment to the corresponding programming concepts and
constructs learned in the white box game environment so that students do not think that
these constructs and concepts exist in specific contexts or environments. For example,
when students are playing Diver II in Scratch, they will be able to see that if the shark is

touching the diver, the score will be decremented by three points. They will be reminded



that this is an example of the selection construct and will be reminded of the selection

construct examples discussed while playing games in the black box environment. They
will be encouraged to discuss similar examples found in this game as well as other
games. This process will help students to connect the black box game playing
environment to the white box game playing environment and will help them to recognize
that the construct exists across contexts. The mapping process will be repeated for each

construct. (More detail about this mapping will be provided in section 3.3.)

The final step in the three-step mapping process is to transition the students from
the white box environment of Scratch to the real-world C++ programming environment.
Explicit classroom discussion, as well as course materials provided to students, will be
used by the instructor to illustrate the mapping between the programming concepts and
constructs learned Scratch and the corresponding concepts and constructs in the C++
programming environment. This mapping process will create the foundation upon which
students can anchor the C++ concepts and constructs. For example, when learning the
selection construct in C++, students will reexamine Scratch games such as Tetris to see
how the construct was implemented in the Scratch game and how that implementation
can relate to the C++ program they are trying to write. Students will also be reminded of

similar selection construct examples from the black box game environment.

For each of the constructs, the instructor will help students to abstract the
concepts from the white box and black box game environments and apply them to the
real-world C++ programming environment. This will be done through continuously
reminding students of what they already learned in each game environment and also

through the prepared materials which provide a mapping between some Scratch exercises



and the C++ programming environment. (More detail about this mapping will be

provided in section 3.3.)

Ultimately, the research results do conclude that using this digital game playing
approach in a first-level programming course does in fact improve the overall learning

assessment outcomes of novice programmers.

1.3 Dissertation Summary

The focus of this dissertation is on the effectiveness of using digital game playing
to teach programming constructs and algorithmic patterns to novice programming
students enrolled in a first-level college programming course. Both a Pilot Study (fall
2007) and a Formal Study (spring 2008) were conducted at a small, liberal arts college in
Brooklyn, New York. The college is an ethnically diverse, commuter school. The student
population is predominately first-generation college students with an average SAT score

below 1000 on the combined verbal and math sections of the test. [57]

Compared to their counterparts, first-generation college students begin college at
a disadvantage and appear to be less academically prepared for the demands of college
course work than their peers. [40, 52, 76, 79] As a result, many first-generation college
students begin college by taking remedial courses to make up for their academic
deficiencies. [79] According to researchers, first-generation college students enter college
with lower GPA’s, math, reading and critical thinking skills. [40] In addition, because
their parents did not attend college, first-generation college students have less access to
information about what to expect during their college career. [79] Often they have

unrealistic expectations of the demands of college life and course loads and unlike their



