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ABSTRACT

Jeroo isatool that has been developed to help students in beginning programming
courses|earnthe semantics of fundamenta control structures, learnthe basic notions
of usng objects to solve problems, and learn to write methods that define the
behavior of objects. Jerooissmilar to Karel the Robot and itsdescendants, but has
anarrower scope and hasasyntax that provides a smoother trangtionto either Java
or C++. Jeroo has been class tested at Northwest Missouri State University, and
has proven to be an effective tool for working with students in a beginning
programming class.

1 INTRODUCTION

The fird programming course has dways been difficult. Whether we are teaching
procedural or object-oriented programming, the first few weeks can be intimidating to novice
programmers as they work to master abstract concepts and amyriad of details. Many students
lose their self-confidence in these early weeks of a beginning programming course. This paper
introduces Jeroo, a tool that helps novice students maintain their confidence while mastering
important concepts early in a course.

Jeroo is an integrated development environment and microworld that was inspired by
Karel the Robot[6] and its descendants. Jeroo was designed to help students learn to
indantiate and use objects, to learn to design and write methods, and to learn about control
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structures. Students who work with Jeroo report increased confidence in their ability to learn
computer programming.

2 ORIGINS OF JEROO

The origins of Jeroo can be traced to the mid 1980's, when the first author of this paper
introduced Karel to a beginning programming class at lllinois State Universty.  Lacking
appropriate hardware to have the students work with a smulaor, al programs were
handwritten. The lack of a amulator made it easy to implement the students suggestions for
modifications to both the metaphor and the language.  The metaphor evolved to kangaroo-like
animds hopping around an idand picking flowers and avoiding nets.  The language was
modified to fit the metaphor and to add logica operators.

IN 1990, La Kuan Tong completed work onJessi ca, whichshe devel oped as her master's
project at lllinois State Univerdity. Jesscais a development environment and smulator for the
metaphor that was described above. The results of her work were never published, but her
Jessicatool was used successfully for severd years @ lllinois State University.

IN1999 and again in 2001, the firgt author of this paper worked with studentsin software
enginering classes at Northwest Missouri State Univeraity to define the requirements and
construct a prototype for an object-oriented successor to Jessica. The authors of this paper
used those requirements and that prototype as the basis for constructing Jeroo. The fallowing
design gods guided our efforts and helped curb our enthusiasm for adding more features.

» Dedgn thetool for novice programmers.

« Keep everything as straightforward as possible.

« Limit the tool's scope to just a portion of the course.

« Focusonjust control structures, methods, and objects.

« Eliminae variables and data types.

« Keep the Jeroo syntax close to Javaand C++.

« Provide animated execution and code highlighting.

« Keep everything vishleat dl times.

« Allow sophigticated problems to be solved without complicated code.

3 CAPABILITIESOF JEROO

The Jeroo tool has four mgor components: (1) the user interface, (2) the Jeroo
programming language, (3) editors, and (4) aruntimemodule. These components are described
in the following subsections.

3.1 TheUser Interface

The user interface consists of a gngle window in which al components are vishble a all
times(seefigurel). Each action gppears both asamenu item and asatoolbar button. Theleft
hand portion of the screen contains tabbed panes for editing source code. The right hand
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Figurel- The User Interfacefor Jeroo

portion contains a representation of theidand. The lower part of the screen is used to display
gatus information.

3.2 Language Features

The Jeroo class is the only one that is available within the language. There are no data
types and no variables other than references to Jeroo objects. There are, however, eight
predefined directiond constants. Relative directions are specified by the constants LEFT,
RIGHT, AHEAD, and HERE. Compass directions are specified by NORTH, EAST,
SOUTH, and WEST. Each Jeroo object has three attributes: location, direction, and number
of flowers. These attributes are dways visble, and can be affected by constructors and some
of the predefined methods.

The Jeroo class hasfour constructorsthat allow a student to specify the vaues of specific
attributes.  These congtructors provide a gentle introduction to the use of arguments and the
concept of overloading.

The Jeroo class has severa predefined methods that can be partitioned into two
categories. sensor methods and action methods.  These dlow a Jeroo object to examine and
interact with its immediate surroundings.
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The sensor methods are essentidly boolean methods that provide information about a
Jeroo'simmediate surroundings. For example, they provide answersto questionslike: "Isthere
a net to the right of this Jeroo?' One of these methods, hasFlower(), takes no arguments.
Four of them, isFlower(...), iSNet(...), isWater(...), and isJeroo(...), require that a rlaive
direction be provided as an argument. Lastly, the method isFacing(...) requires a compass
direction as an argument.

The Jeroo language supports three fundamenta control sructures: while, if, and if-else.
The condition for each of these statements mugt be constructed from one or more sensor
methods and the operators & &, ||, and !.

Action methods are essentidly void methods that dlow aJeroo to move about the idand
and interact with any flowers and nets that it may encounter. The hop() and
turn(relative_direction) methodsalow a Jeroo object tomoveabout theidand. A Jeroo may
dter itsenvironment by picking up flowers, planting flowers, and disabling nets withthe pick(),
plant(), and toss() methods, respectively.

A programmer may define additiond actionmethodsto extend the behavior of the Jeroos.

These user-defined methods lack arguments, but they can call other methods.  The ability to
write additiond methods is an effective way to introduce modularity at an early sage.

3.3 Editor Features

The Jeroo tool provides a straightforward way to edit both the source code for a Jeroo
program and the layout of theidand. The source code and idand editors support printing and
the common file operations. new, open, save, and saveAs. The source code editor also
supports the common cut, copy, and paste operations.

Source code isentered into atext area consisting of two tabbed panes. Onepaneisused
for the main method. The main method contains statements that ingtantiate the Jeroos and use
them to solve a spedific problem. The second pane is used to write the code for the
user-defined methods that extend the behavior of the Jeroos. This physical separation of the
man method and the Jeroo methods is a subtle introduction to the creation of multiple classes,
atopic that will appear later in the course.

Idand editing is apoint-and-click process. Flowers and nets are added by sdlecting the
gopropriate item and left-clicking on the idand. Right-clicking on an item will remove it from
theidand. A location pand helps the students select a specific cdll on theidand.

3.4 Runtime Features

The Jeroo tool includes a runtime module that illustrates the connection between source
code and vighle actions. A programmay be executed continuoudy fromstart to finish, or it may
be executed stepwise. When a program is running in either mode, the source code is
highlighted, and the actions of the Jeroos are animated.
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The runtime module also updates two status pands. One pand displays textua
informationabout the status of the program (Compiling, Running, etc), while the other diolays
the identifier (name), direction, and number of flowers associated with each Jeroo object.

The combination of source code highlighting, animation, and status information crestes a
richlearning environment. Both syntax and runtime errors can belocated quickly; the semantics
of the control structures arereadily apparent; and the interaction between methodsis reveal ed.

4 USING JEROO

Jeroo has been used successfully in a beginning programming course at Northwest
Missouri State Univeraty. Thusfar, four different faculty membershavetaught that courseusing
Jeroo. Our useof Jeroo is very smilar to theway Kardl is used at the University of Waterloo
[1]. We use Jeroo for the first four weeks of a 14-week trimester. At the end of these four
weeks, we expect the students to understand the semantics of basic control structures, to be
comfortable with the concept of using objects to solve a problem, to be comfortable with the
process of sending of messages to objects, and to be able to write methods that extend the
behavior of the Jeroos.

Educators frequently voice two concerns about the use of atool suchasJeroo. Canwe
devote four weeks out of a semester to Jeroo and dill cover the required topics adequately?
Won't the students have difficulty making the trangtion from Jeroo's language to a "red"
language. Our experience with Jeroo provides reassuring answers to these questions.

Those who have used Jessica (Jeroo's predecessor) or one of the Kardl-like tools have
reported, informally, that they can cover the same materid as before. Our work with Jeroo
demongtrated that we can cover the same materia without rushing and with no loss of
comprehenson. We just cover the materid in adifferent order.

Thetrangtionto a"red" programming language hasbeenadifficultyfor sudentswho used
Jessica, or the various Karel-like tools. Our experiences with Jeroo are quite different. The
trangtionto Java hasbeen seamlessfor the students. We expect that atrangition to C++ would
be equdly uneventful. We fed thet thisis due to the care that was taken in the design of the
Jeroo language, and to the fact that the instructors make continual comparisons between Java
and the Jeroo language.

5 PERCEIVED BENEFITS

We have observed severd benefits associated withour use of Jeroo. These benefitsfall
into two broad categories: programming concepts, and student satisfaction.

From the pergpective of programming concepts, we fed that the students have a better
understanding of control structures, methods, and objects. The early introduction of control
structures alows earlier and more frequent use than in our former approach to the course.

Student satisfaction was assessed via a questionnaire that was given to al students near
the end of the sixth week of the semester. This date was chosen so that the students could
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evduate Jeroo after they had made the trangtion to Java The questionnaire solicited
demogrgphic informetion, and asked the students to use five-point Lickert scales (1=low,
5=high) to answer to the following five questions.

1

2.

No g A~W

Rate your confidence in your ability to learn computer programming before you started
the course.

Reate your confidence in your ability to learn computer programming after working with
Jeroo.

Rate your level of comfort about this course before the semester began.

Rate your level of comfort about this course after working with Jeroo.

Do you think that working with Jeroo was worthwhile to you?

Do you think that working with Jeroo was worthwhile to your classmeates?

Do you think that working with Jeroo was a good way to lead into Java?

Hfty-two students returned completed questionnaires, but one neglected to report a

gender. The data are summarized in figure 2.
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These data show that dl groups of students fdt that working with Jeroo was vaduable to
them, vauable to their classmates, and vauable as an introduction to Java. Aswe expected,
those who had completed a prior programming course found lessvaue in Jeroo, but eventhose
sudents rated its v ue above the middle of the scale. The one unexpected result was that the
femae students rated Jeroo's vaue sgnificantly higher than did the males,

Using a paired t-test to compare confidence levels before and after, the probability that
the mean confidence leve actudly stayed the same is less than 3.2x10°. Thus, the average
confidence level increased Sgnificantly after usng Jeroo. Similarly, a t-test on the levels of
comfort reveds that the probability of the two means being the same is approximately 5.0x10°.
We again conclude that usng the Jeroo tool has sgnificantly raised the average comfort level
of students.

Other interesting conclusons result from several two-sample t-tests. At a statistica
confidence level of 90%, the data aso indicate that working with Jeroo produced sgnificantly
gmadler increases in confidence and comfort among freshmen than among students with more
years of college experience. Thiscan beattributed to the fact that the freshmen had the highest
levels of initid confidence and comfort, leaving lessroom for increase. As one would expect,
the dataindicate with99.92% certainty that working with Jeroo led to greater increasesinlevels
of confidence and comfort among those with less programming experience.

The one surprise is that working with Jeroo led to markedly greater increases in
confidence and comfort among femde studentsthanamong maes. Theinitid confidence levels
were essntidly the same for males and females. The initid comfort levels were lower for
females, but the post-Jeroo comfort levels were lower for males. One possible explanation for
this difference is that femaesmade up alarger percentage of the studentswithno programming
background (33%) than any of the other three experience levels.

6 COMPARISON TO RELATED TOOLS

The origina Karel has sred severd descendantsthat support an object-oriented style of
programming. Those who have used these tools report results smilar to those we have
observed. This section compares Jeroo to afew representative tools. 1t isnot intended to be
acomplete lig.

Karel++ [2] is an object-oriented descendant of the origina Karel. Karel++ was
designed as the entry point for students of C++. Karel J. Robot [3] has been developed
recently to be a Java-based sbling of Karel++. JKarelRobot [4,5] is yet another descendent
of Karel. Thistool supportsthreedifferent programming languages, C++, Java, and LISP. The
Java based versionis dso known as Jarel. Findly, sudents at the University of Waterloo use
another descendant of Kardl [1]. The Waterloo verson was created as a Java package that
can be imported into a standard Java program. The following subsections summarize some
important differences between the Jeroo tool and Karel's descendants.
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6.1 The Programming Language

Kard and its descendants have a syntax that is rooted in Pascal. The Jeroo tool hasa
syntax that mirrors the intersection of Javaand C++.

6.2 The Development Environment

Integrated development environments exist for Kare++, Kare J. Robot, and
JKarelRobot, but these tend to use multiple windows or screens. The Jeroo tool usesasngle
window in which dl components are visble a dl times.

6.3 Kard'sWorld Versus Jeroo'sdand

Kard'sworld is modeled after the firgt quadrant in a Cartesian coordinate plane. Kardl's
world extends infinitdy far to the North and East. A location in Kard's world is specified as
a (row,column) pair. The row and column numbering begins & onein the southwest corner.

Jeroo'sidand ismodeled after atwo-dimensiond array. Theidandis bounded ondl sides.
A locaion on theidand is specified as a (row,column) pair. The row and column numbering
begins a zero in the northwest corner. This provides a nice introduction to zero-based
counting, provides a preview of the way we typicdly visudize a two-dimensond array, and
corresponds to atypical screen coordinate system.

6.4 lteration Structures

Kard's language supports both a while loop and a counter-controlled loop. Jeroo's
language only supports the while loop. There were two reasons for this decison. First, our
experiences with the Jessica tool indicated that the counter-controlled loop was rardly used.
Second, we would need variables to emulate the syntax of Javaand C++.

6.5 Conditions

A condition (test) inKarel'slanguge isjust one of severd keywords. Ingenerd, thereare
no logica operators. A conditionin Jeroo'slanguageisformed by invoking sensor methodsand
combining them with logica operators.

6.6 Advanced Features

Kardl's descendants tend to require that students write new classes to extend a basic
robot class. They also include features such as data types, variables, concurrency, and
recursion.

Keeping our audience and intended use in mind, we chose not to require that students
write classes. Instead, wealow themto write additional methods to extend the behavior of al
Jeroos. Classes come later when we study Java per se. Our experience with Jessicaindicated
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that could meet our education objectives without data types and variables. We eiminated
concurrency because the non-deterministic execution would confuse rather than enlighten the
students. The Jeroo language does support recursion, but we do not use it in the course.

7 SUMMARY

Jeroo has proven to be an effective tool for teaching the concepts of objects, methods,
and contral structures to novice programmers. The single-screen devel opment environment is
eadly magtered. The animated execution and concurrent code highlighting aid understanding
and hdp maintain interest. The carefully chosen syntax providesa smoothtrangitioninto either
Javaor C++. The use of Jeroo allows usto cover the same topics, but teachthem differently
and in adifferent order. Students have favorable impressons of Jeroo, and report increased
levels of confidence and comfort after using thetool. If the use of Jeroo is carefully planned
within the context of a Java or C++ course, the result is an improved learning experience.
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