PhrogLAB: Taking a Code-Centric Approach
to Introductory CS Education

ABSTRACT

There is great concern in the technology industry and in university
education about the dwindling pipeline of students entering
information technology-related majors. One approach to stimulate
interest is to create introductory courses that use “model-centric”
programming, where the complexity of code development is
mostly hidden. In spite of the success of tools such as Alice and
Scratch, little beneficial impact has been felt thus far in the
enrollment of students in computer science (CS) majors. One
problem may be that students introduced to model-centric
programming at the introductory level are less prepared to
transition to professional-grade, “code-centric” languages. Taking
instead a code-centric approach at the introductory level may
encourage students to have a more realistic appreciation for the
challenges of studying CS without being intimidated by writing
code, and may provide the basis for further assessment of factors
affecting efforts to increase in the number of students who pursue
CS majors at the college level.

Categories and Subject Descriptors
D.3.3 [Programming Languages]: Language Contructs and
Features.

K.3.2 [Computer and Information Science Education]:
Computer Science Education.

General Terms

Measurement, Design, Human Factors, Languages.
Keywords
Introductory programming, novice programming environments,
Phrogram, integrated development environment, games,
storytelling.

1. INTRODUCTION

The shrinking pipeline of CS majors is an ongoing concern among
employers and college educators, and there is significant under-
representation in large segments of the population [1]. One of the
most visible and ongoing efforts to reverse this trend has been the
introduction of “model-centric” programming tools, emphasizing
3D graphics, animation, and storytelling; however, the ongoing
decline in interest in the study of CS at the college level does not
appear to have been significantly altered in recent years by the
introduction of such tools.

One question that arises with respect to model-centric tools is how
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well software development using them matches the coding and
debugging practices that routinely engage professional
programmers. An approach that introduces a “code-centric” view,
while still emphasizing the creation of visually rich programs in
both 2D and 3D environments, may have better results at keeping
students interested in CS beyond introductory levels. The
underlying theory of this approach is that by providing more direct
and realistic exposure to the actual mechanics of CS at an early
stage, students may develop a more enduring interest in the field.
They will then be better prepared to learn more complex
languages, and will not be discouraged by finding, or at least
perceiving, a “disconnect” between model-centric programming
activities and the syntax-oriented programming challenges they
will inevitably encounter as they advance in their CS studies.

Phrogram is a programming language that introduces the concepts
and practices of writing code in a robust, yet simplified integrated
development environment (IDE), utilizing a “plain language”
syntax with basic object-oriented capabilities, and taking a
minimalistic approach to formal coding conventions. This paper
introduces ‘“PhroglLAB,” a teaching project using Phrogram at the
high school level that is focused on learning how to write
syntactically-correct code for both 2D and 3D programs, rather
than manipulating 2D or 3D models in a “drag-&-drop”
environment.

PhroglLAB is now under consideration for a grant award under the
NSF’s BPC (Broadening Participation in Computing) initiative
[2], which aims to expand participation in the information
technology professions among members of under-represented
communities. If funded through the BPC initiative, PhrogLAB will
be piloted with students from Hispanic communities in West
Texas and eastern New Mexico, and urban youth in working class
neighborhoods of Seattle, WA, with a particular focus on attracting
participation by girls as well as boys from these communities. The
question of how well this type of approach may work with such
students, or other students with limited exposure to programming,
is deserving of further investigation.

2. MODEL- VS. CODE-CENTRIC

Over the past decade, educators have developed a myriad of tools
to help novices learn programming, including narrative, visual and
flow-model tools [3]. However, little focus appears to have been
paid to the notion that pre-college level students can be effectively
introduced to the coding aspects of programming, without
impeding their interest in CS. While languages such as Alice and
Scratch clearly have pedagogical value, they do not appear to have
had any measurable effect on increasing the levels of college
undergraduates who express a long-term interest in CS studies,
notwithstanding the several years in which they have been used in
secondary level and CSO curricula. We question whether, by
subordinating the writing of code as much as they do, languages
that pursue a model-centric approach may in fact be hindering the
transition of students to advanced college-level study, where they



must learn more complex CS concepts than are possible in mouse-
driven, “drag and drop” environments.

The issue of which computer language to adopt for a first course in
programming has been the subject of ongoing scrutiny [4].
Recently, attention has been focused on the value of concept
visualization through virtual worlds, on the assumption that
“environments rich in visual information facilitate learning better
than text-based systems” [4]. The most prominent examples of this
approach are Alice [5] and Scratch [6], which originated at
Carnegie Mellon University and MIT respectively. They have
found substantial adoption in introductory CS courses at both the
college and pre-college levels. Alice in particular has attracted
significant attention in recent years, because it is designed to offer
a “first exposure to object-oriented programming” that allows
students to create animated movies and simple games for 3D
virtual worlds [5].

One concern expressed repeatedly by commentators evaluating
teaching techniques for introductory CS courses is that the
immediate exposure to, and emphasis on, writing code, invites
difficulties because the use of incorrect data structures or the mis-
application of language features “can turn an easy problem into a
coding nightmare,” resulting in an undue perception that CS is
intrinsically “hard” [7]. This assessment seems to echo a view held
by one commentator at the dawn of CS education in the 1970s, that
“the syntax of a programming language affects how it is used all
out of proportion to its importance in the overall scheme of things”

[8].

The pedagogical preference in recent years for the model-centric
approach and the perceived challenges and deficiencies of
introducing syntax to beginning programmers appear to be two
sides of the same coin. That is, one rationale offered in support of
teaching a programming language such as Alice is that a “drag-
and-drop editor relieves the initial struggle with syntax that is often
encountered by novice programmers” [9]. Conversely, the desire to
eliminate syntax issues (“you don’t need to worry about where to
put semi-colons and square brackets”) was an underlying design
principle of Scratch [10]. However, as noted by one researcher,
when transitioning from the model-centric environment of Alice to
“the textual language and syntax” of Java, some students
encountering difficulty came to believe “that their success in Alice
had not been ‘real programming’ but rather just fooling with a toy
environment designed for a younger audience” [11]. The issue here
is whether the highly visual nature of Alice and Scratch, which
may make them more enjoyable and less intimidating to beginning
CS students, also gives them less confidence when they are thrust
(as they must be, eventually) into the more complex world of
syntax-driven, code-centric programming.

In our view, the challenge is to find something between an over-
reliance on manipulating models in 2D or 3D environments, or
“scenes,” and the code-centric reality of more powerful languages
such as Java and C++ [12]. We believe that Phrogram offers such a
middle ground, because it requires the programmer to pay careful
attention to code, and provides the types of debugging tools
(including “step into” and “step over” a current method) that are
characteristic of a modern IDE, while also offering the immediate
feedback of seeing the runtime output of the code through use of
its built-in, “one-click” compiler.

3. GOAL: MAKE CODING FUN AS WELL
AS CHALLENGING, WITHOUT BEING
TOO COMPLEX

Much research has been done on what types of CS instruction are
likely to have the most success in stimulating the current
generation of high school and college-age students. Understanding
that today’s younger generation has grown up with the Internet,
video games, cell phones and an ever-increasing array of new
technologies and gadgets, it is clear to most educators that the
more primitive programming tools introduced a few decades ago
cannot suffice to keep the interest of today’s CS students [13]. In
contrast, the success of Alice in presenting a more compelling
introduction to CS for at-risk students is noteworthy [14]. A key
strength of a language such as Alice or Scratch noted by one
commentator is its “tinkerability” — encouraging students to ‘“mess
with the materials” through iterative shifts in direction in the
middle of a process [15]. We agree that encouraging open-ended
experimentation is of critical importance for any programming
language to be effective as a teaching tool.

Of equal, if not greater, importance is the ease with which subjects
covered in CS education can inspire students. In this regard, the
literature is now extensive on the value of using the creation of
stories and games in CS education [12, 13, 16, 19]. PhrogLAB
seeks to capitalize on this pathway by providing students with a
sense of their potential for CS through gaining mastery of at least
the basics of how to code a 2D or 3D game or story.

Some recent college-level courses have utilized the C#
programming language and Microsoft’s XNA framework to
develop game-themed programming assignments [17]. One
obvious concern with this approach for a course geared to high
school students (or any students from under-represented
populations who are less likely to be familiar with modern
programming) is that C# directly exposes the vast number of
namespaces and classes offered by .NET, and thus “can be
overwhelming for students with only a minimal exposure to
programming” [18]. Given that presenting the challenges of
writing code in a simplified and accessible way is essential to our
approach, we do not consider a professional-grade language an
ideal framework. But the relative merits of other options must also
be considered.

4. EXPLORING THE OPTIONS

To teach high school students how to write code on a “gentle
learning curve” and in a non-intimidating way, we considered
several languages, apart from Phrogram, that might meet our
pedagogical and research goals. The options focused primarily on
what we would charcterize as “scene-driven” (Alice and Scratch)
and “game-driven” (DarkBASIC, Game Maker and Flash) design
approaches. While there are also simplified Java-based learning
languages (BlueJ and Greenfoot) that are both object-oriented and
code-centric in nature, we did not explore them further because
they do not natively support 3D programming [19], which we
considered important for attracting high school students who are
interested in programming for video game consoles.

4.1 Why not a Scene Design Approach?
In Alice, users “drag-and-drop words representing commands that
objects in the 3D scene understand” [20]. Alice users manipulate



objects consisting of low-polygon models from built-in libraries
whose high fidelity comes from hand-painted texture maps, so that
adding external resources is not within the competency of most
users [21]. In contrast, Phrogram uses common format sounds
(-wav), images (.jpg) and models (.x) from external sources, so
students are not limited to the built-in media assets that populate
the virtual world they choose to initialize. The media assets are
then manipulated through methods and calls that must be based in
the code, not in the visual world environment. Phrogram also has a
drawing library that gives users the ability to use lines, rectangles,
circles and polygons in 2D game development. We believe this
approach may better highlight the need to manage media assets in
a programming project and the user’s ability to directly control
such assets through code has the potential to instill a deeper
understanding of how modern programming is practiced as a
professional discipline.

Scratch, which lets users ‘“create programs by dragging and
dropping individual action blocks that then snap together into
scripts,” is based on the concept of placing sprites on a “stage” and
controlling their interactions in a scripting area [22]. Scratch has
been used effectively to engage middle school students
participating in brief programming classes [22] and also appears to
have value as an introductory language to Java [6]. But there are
some drawbacks in using it at the high school level that are similar
to, and possibly more pronounced than, Alice. Like BlueJ and
Greenfoot, Scratch is limited to 2D graphic formats (JPG, BMP,
PNG, and GIF) and does not support several core features in
modern programming, such as string concatenation and arrays; it
also uses loop structures that are not based on familiar C-style
terminologies such as “while,” and “for” [23]. For these reasons,
we do not view Scratch as the basis for a code-centric approach
that will help students learn how to think syntactically in a
programming language, as a foundation for the more advanced
study of CS.

4.2 Why not a Game Design Approach?

There are several languages and tools designed to be useful in the
creation of games. We considered three of the most prominent , but
did not find them to have the right mix of code development and
IDE exposure that we consider optimal for the code-centric
learning approach we envision taking for Phrogl. AB.

DarkBASIC, one of several simplified virtual-reality programming
tools that have been used in educational settings, is designed to be
coupled with 3D engines that provide a software library of 3D
graphics functions. While tools in this category are useful for
creating applications without the complexity of C++, which is
widely used for professional-quality game programming, they are
still designed for authors who already have development skills and
their use is generally recognized as being “too complex for the
average user without an extensive programming background”
[24].

Game Maker, which has been used in high school and university
CSO classes, has the stated advantage of allowing students to build
games and learn object-oriented design even if they “can't code a
single line” [25]. GML, Game Maker’s built-in scripting language,
supplements its basic drag-and-drop system with deeper
functionality. However, Game Maker is not intended to teach
students how to “program” games, but rather how to create them
and has limited 3D graphic support. It is also limited in its ability

to facilitate collaborative work, as the process of merging the work
of two developers is “awkward, forcing all of the second
developers’ work into a sub-hierarchy of objects” [26].
Considering the value of having high school student programming
projects be team-based, and the lack of a coding component in
Game Maker’s value proposition, it is clearly not a good fit for the
kind of code-centric approach we wish to take.

Adobe Flash, a multimedia authoring tool used to develop
animation and interactivity for the web, has been widely used for
game development and offers interesting advantages in teaching
programming at the high school level, most notably its integration
of a powerful scripting language (ActionScript), being web-based
and having an extensive list of learning resources and tutorials
[27]. However, Flash is not code-based and like C#, ActionScript
is not designed for novice programmers; when studied together,
the overall robustness and complexity of Flash and ActionScript
lend themselves more toward a CS1 to CS2 level course, as
opposed to high school or the CSO level [28].

For these reasons, we did not find any mainstream tools focused on
scene or game design that fit our desired approach, which is to
present a “code-centric” view of programming at the high school
level so that students from under-represented populations may be
exposed to syntax-related challenges in a way that helps them
appreciate and grasp them better when their CS studies progress to
more powerful, professional grade languages such as C++ and
Java.

4.3 Why Phrogram?

Phrogram’s language and IDE can present the core patterns and
practices of modern software development to students at the high
school and CSO level, thereby giving them a stronger initial
footing as they gradually enhance their programming skills. While
being similar in some respects to other languages that introduce CS
concepts through games and stories, Phrogram differs
fundamentally from languages that rely on a model-centric, “drag
& drop” approach, and other environments that are not focused on
the actual process of writing code at the novice level.

Phrogram covers the essential code-creation nature of
programming in the context of games and stories, without the
complexity of a professional-grade IDE, and without the
limitations of a product optimized solely for the purpose of
creating — but not programming - games. If students begin to
understand how they can realistically aspire to become
programmers by learning how to write code for games or other
types of graphically rich programs, they may begin to appreciate
that learning CS is not as difficult and mysterious as they might
otherwise think.

Phrogram’s code-centric environment is comparable to the source
(as opposed to design) view found in tools most widely used by
working programmers, such as Microsoft Visual Studio and
Eclipse. By emulating what modern programming practices are all
about, and by focusing on problem-solving as it relates to a
natural-language syntax, PhrogL.AB may be able to convey a more
realistic understanding of what high school students with limited
exposure to programming can expect if they decide to pursue the
study of CS at higher levels.

Phrogram’s current 2.x version encompasses programming using
both 2D or 3D graphics. A 3.0 version, now in development and
slated for release in late 2008 or early 2009, will upgrade its 3D



libraries so that they are based on Microsoft XNA, thereby giving
users the ability to create games for Xbox 360 which can be
offered (through paid membership in Microsoft’s “Content Creator
Club” program) in Microsoft’s Xbox Live Marketplace.

Phrogram is currently being taught at schools from the elementary
to the college level, including Ohio State University and the
University of Michigan. Over the last 12 months, it has been used
for a class offered by Red Llama, Inc in a community center in a
low-income Seattle neighborhood. In Red Llama’s program,
middle school students in Seattle’s Yesler and Delridge
neighborhoods came twice per week, over a 5-week period, to
learn how to create PC games with 2D graphics. While not
rigorous, informal evaluation suggests that this program had a
positive impact on perceptions of CS by participants. Pre- and
post-completion surveys asked students on a scale of 1 to 5 to
consider the truth of the statement, "I want to be a technology
professional," with the average score rising from 3.7 to 3.9. In
rating the truth of the statement, "I feel confident in my technical
skills," the score rose from 3.6 to 3.9. Qualitative data collected at
the end of the class in response to the question, "Was this program
beneficial for you? How?" — yielded 100% positive responses. An
example of a student quote is: Yes — it just helps me bring stuff
outside of myself — like ideas/interests...like, I’ve never thought
I’d design a game, but I got into it..I’d like to create more games”
[29].

S. CONCLUSIONS

PhroglLAB aims to teach modern programming concepts using a
language that, while not as powerful as C++ or Java, supports
object-oriented methodologies, offers the experience of IDE-based
development, and allows for the creation of stand-alone executable
programs (capable of being run outside Phrogram’s IDE).
PhroglLAB will present the core challenges of programming -
coding, error detection, debugging, object manipulation, and
maximizing performance efficiencies — at the high school level in a
code-centric way. Students will assess their work on the basis of an
end-to-end understanding of how to code, and how to address
errors that arise in their work either at the coding or compiling
stage. While Phrogram is a commercial product, licensing costs for
its use in PhrogLAB are expected to be a relatively minor
component of the overall budget. The use of Phrogram allows
assessment of a paradigmatic educational approach that differs
fundamentally from the heavily-explored approaches embodied by
visually-oriented, drag-and-drop style tools such as Alice and
Scratch, while still focusing on code creation at the novice
programmer level.
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