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ABSTRACT

When novice programmers begin programming, they face many problems dueattkthe |
of programming experience. Integrated Development Environments are usedytahelp
novices become more effective at learning to program. The question is whetherumhnen s
environment is more effective when compared to a command line/console environment.
Therefore, this study tried to address this question by performing intervidwstudents who
were using these environments.

This study was composed of two groups of undergraduate students who were taking
courses in Computer Science. Group one consisted of students who were involved in a course
sequence beginning with the Microsoft Visual Studio IDE, then a command limerement for
the last course in the sequence. The second group started programming withazad dimen
environment. Interviews were conducted with both groups in order to gain infomadtout
these environments. The information retrieved showed that the Microsoft Visda S2E is
favored based on the students’ responses to the questions. However, there was not enough
significant differences amongst the results to say that an IDE imajenbetter than a command
line environment. It was the intent that this information provided not only bakdr
information but also served as potential foundational evidence for determining which
environment may be more suitable for novice programmers to use for programming. This

information will also be used as a basis for further research and studiesarethis
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LIST OF ABBREVIATIONS AND SYMBOLS
Alpha value or type-1 error; it represents the probability that a statittst will give a
false positive error
Degrees of freedom
Integrated Development Environment
P-Value; it represents the actual alpha value that arises from acstbtéest
One or more objects that may be available
Better known as a t-test; it represents a statistical hypothetsisaes
follows a plotted distribution if the null hypothesis is true
Better known as a chi-square; it represents a distribution that occlirs tvé parameter
of a population
Roughly equal to
Percent sign
Less than

Numerical symbol
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1. INTRODUCTION

In the field of Computer Science, first year students are expectedrnalehmaster the
skill of programming in order to be successful. However, lack of basic progranskills has
intimidated many students and in many cases driven some of them away from Compute
Science. In an attempt to improve confidence in these students, many Cofgienee
departments have adopted Integrated Development Environments (IDEs), insteadnaincl
line environments, because of their user-friendly design. The main question drdsypotas
whetheran IDE is actually a better learning environment compared to a command Line/console
for novice programmers to uséhe intent of this study was to explore which environment was
potentially better suited for introductory programming courses. This stagdyonducted by
comparing an IDE, Microsoft Development Studio, used as a teaching environmémug a
programmers’ editor (vi/'vim) and command line interaction. The goal was to detimipary
conclusions about the relative advantages and disadvantages of IDEs and command line

environments as introductory teaching environments.



1.1. Thesis Outline

A literature review is provided in Chapter 2. It discusses the issues novicenpnogys
face while programming, the Integrated Development Environment and tbg@diimand
line/console environment, and the characteristics of the Python and C++ languager &hapt
gives an outline of the study performed in which interviews and surveys were cahditbte
students who have used one or both programming environments. Chapter 4 shows the results of
this study in the form of qualitative and quantitative data. Chapter 5 provides asisaaaty
discussion about the data extracted from these interviews. Chapter 6 givespibieyatis to
validity that are seen from this study. Chapter 7 lays out the future workdattialy while

Chapter 8 gives the conclusion.



2. LITERATURE REVIEW

This literature review provides a background composed of various studies andresearc
related to this study. It consists of four topigvice and their Issues with Programming
Integrated Development Environments, Editor/Command Line/Console Environamehts,

Python vs. C++ The first topic talks about problems that novices typically face when lgarnin
how to program. This topic is broken down into six compon&asice Behavior in Learning

the Fundamentals of Programming, Mental Representation of Novices vs. Expert Programmers,
Expected Programming Skills that Novices are to Develop, Identifying Common Pnaggam

Errors that Novices Tend to Make, Novice Behavior in Other Programming Langaag&ast
Indications of Programming Errors made by Novidéss important to understand other possible
issues that could be a factor for novices learning to program in addition to studyatdesuit

learning environments that could be helpful for them.

The topic concerning Integrated Development Environments discusses their fitgtiona
as well as advantages. The Editor/Command Line/Console topic focuses on therludtae
command line environment and its capabilities. The final topic, Python vs. C++, expounds on the
characteristics of both languages. Since both languages are involved in the study, there i
background information provided for both. These languages are also compared iagaither
to show relative advantages and disadvantages of each. This topic consistsaaiitipeeents:

Characteristics of Python, Characteristics of CafndComparing Python and C++



2.1. Novices and their Issues with Programming
2.1.1. Ideal Problems that Novices Encounter when Programming

Many beginning computer science majors often struggle with learningridarhentals
of programming and problem solving techniques. A reason that they have a difiieuis
because they do not understand the errors that they retrieve from the comp#sarfiple,
some argue that the error messages are so “cryptic” to programmeheyhaave a difficult
time just trying to figure out the errors that they made [1]. Another crfactdr is not being
able to comprehend a program. This is important for many reasons: it allowanpnogrs to be
more effective at completing other tasks in a program [3], it is very hdtpfabvices to be
successful at debugging a program [4, 5, 6], and it is crucial for them to be ablatd ext
necessary information from a snippet of code in order to make any intended miodditata

program [7].

2.1.2. Mental Representation of Novices vs Expert Programmers

In many cases, novice programmers are not thinking in the same way ds expe
programmers when dealing with code; their mental representation on how to apprazgtaia pr
differs. When Adelson compared novice and expert behavior, she concluded that novices tend to
develop a mental representation that consists of concrete information, whilts elqweiop a

mental model consisting of functional information [8]. Wiedenbeck and Fix listeclbstract



characteristics of an expert's mental representation: being hieedr@hd multi-layered in their
thinking process, explicit mappings between different layers, recognitiorsiaf fmagramming
patterns, being well connected internally, and being well grounded in the praxtd3].tTo
explore these characteristics, these researchers performed a stndywaénty novices and
twenty expert programmers studied a 135 line Pascal program and were tebtsd on t
comprehension. There were eleven questions asked covering all five abstadeciséics. The
experts scored higher on all five characteristics. This result suggasievietoping these five
abstract characteristics should aid a novice programmer’s successramprogg. The
relevance between novices mastering these abstract charastésisprogramming and the
programming environments is based on which environment can be helpful in aiding these

programmers with developing such characteristics.

2.1.3. Expected Programming Skills that Novices are to Develop

It is nearly a universal requirement for first year computer scienaa $rtaj develop the
knowledge of problem solving so that each student will learn how to generate correclgrecut
programs and maintain these skills by the completion of their introductory coursesti-A m
national study of first-year CS students’ programming skills showed thaydasistudents
needed to learn and utilize the following procedure while solving problems through ctamputa
abstract the problem from its description, generate sub-problems, transform sub-protiems
sub-solutions, re-compose the sub-solutions into a working prognacheyaluate and iterate
Unfortunately, this expectation is not being met for the most part. To explain why #a, the
authors studied 217 first year students at several universities by creat@gtogramming

exercises for them to solve. Each exercise dealt with arithmetic sipresvith varying



difficulties for each exercise based on execution, verification, validation, yad&e overall
average score was 22.9 out of a possible 110 points, meaning that first year stilidankstke
needed programming skills at the completion of their introductory coursesh2tefore, there
is a concern of whether first year students can master these probleng sélifghand can a

programming environment be helpful with this.

2.1.4. Identifying Common Programming Errors that Novices Tend to Make

There are generally two kinds of errors made while programming: syntaeuathtsc
errors. Syntax errors are errors in a sequence of characters or toitErsiova particular
programming language. These errors are typically made by the progravhmeiolates the
grammar of the language and are detected by the compiler. Semanti¢legiorsrrors) are
bugs that occur in a program that are not seen as errors by the compiler irases)at cause
the program to run incorrectly based on poor logic.

Novice programmers are very likely to produce syntax errors in any progngm
language. In Java for example, some of the common syntax errors that afeyrgadag

programmers are [1, 9, 10]:

e undefined variable

e missing a semicolon

e misuse of curly braces, parenthesis, and/or quotations

e inappropriate file name

¢ failure to initialize a variable before trying to use it

e confusing the assignment operator = with the comparison operator = =
e invoking methods with improper arguments

e misusing the greater than or equal to and the less than or equal dabopér= and
<=), and

e using keywords as method names and/or variable names.



Here are some messages that a Java compiler would show on a syntax:error [9]

e cannot resolve symbol

o illegal start of expression

e class or interface expected
e incompatible types

e not a statement, and

e missing return.

Some semantic/logical errors made are [1]:

e invoking class method(s) on an object directly

e improper casting of a variable

e using a non-void method as a void method when a return value is required
e failure to use methods with parameters correctly, and

e class is considered abstract due to missing function(s).

In addition, there were resources that were used to generate a commorri@isahade by
novices in Java which came from viable sources such as computer science prtfiessghout
the nation, and the Special Interest Group on Computer Science Education (SI&08&)as
teaching assistants, professors from the researchers’ respectiveitiesveracademies, and
actual observations done on the students' performance on assignments [1], [9], and [10].
However, one paper expounds on the discrepancies between what the instructarasotice
common errors and the actual errors being made by the students [9]. Thishpagea study
performed at the United States Military Academy where all frestareerequired to take an
introductory programming course. In this course, a Java IDE is used tondtwneation about
errors detected in compilation and each error is stored in a database. @grtipari
identification of errors made by the faculty members to the errors defemtethe experiment,

the results indicated that the instructors were only 50% correct about whaath@g common



errors and the actual errors that were being made. Therefore, questians open about the
discrepancy gap between what instructors see and the actual erroegegkerisithis discrepancy
common in classrooms? If so, can this gap be narrowed or removed entirely? Woindtilg

the discrepancy gap improve the success for novice programmers in Java oeatgngtiage?
Spohrer and Soloway said that what educators “knew” about novice programmers vaayprim

a “folklore,” meaning what they saw as typical errors made by noviceshased on their own
experiences when they first started programming [12, 14]. These two autheds‘$tatmore

we know about what students know, the better we can teach them” [12]. This discrepaticy coul
be greatly reduced if this philosophy is adopted by each instructor in introductorgmming
courses.

Many integrated development environments have many benefits to help the programme
from making the typical errors seen in this section. For example, some i®&kla to underline
errors that are being made while the programmer is typing. This can plbydmip a user,
especially a novice, to learn and understand those errors and what to do in the future to avoid
them. Another benefit that IDEs offer to prevent common syntax errors is syghdighiing
where keywords, comments, methods, functions, etc. are highlighted in particulaay$oa a
programmer to avoid common errors sucleasnot resolve symhballegal start of expressign
or class or interface expectedsome IDEs are also able to provide popup windows with possible
methods while the programmer is typing to help them figure out the approprihiedntieat is
needed for their program without using invalid methods\arking methods with improper

arguments



2.1.5. Novice Behavior in Other Programming Languages

Mclver [14] performed a study of 26 first year students who hadrndeee any
programming and were about to take an introductory computer science coursetdde#s s
were placed into two separate groups where one group learned to program in LOG® and t
other group programmed in GRAIL. Both groups were given the same egdzerform in
their respective languages. Even though both groups exhibited different kinds ofviters
programming, the error tendencies for the group using GRAIL were much lowehthgroup
using LOGO. The average number of syntax errors for LOGO was 31.08 whild.@RKIhad
an average of 13.69 < 0.01) The means for logic errors were much closer but still showed that
the group using LOGO made more errors (17.77) than GRAIL (p.54).01). Mclver noted
that three students who programmed in GRAIL went on to solve advanced problems beyond the
course syllabus while there were no LOGO students who decided to do the samewdihis st
addresses the notion of whether or not certain languages are better than othechifay te
introductory programming classes, which has also been a subject of ongaiaghe debate,

and study. Similarly, the study at hand involves two different languagesa@iPython.

2.1.6. Past Indications of Programming Errors made by Novices

This problem of identifying common errors by novice programmers has been neskfanc

some time now. For example, in 1976 a study was done at Auburn University by Chabert and
Higginbotham investigating errors made by novices using assembly language [bik| shady,

two classes were studied to see the kinds of errors that would be made whilepringya
Generally both courses were taken by students who had no previous experiencsenithlyas

languages. The kinds of errors that were found were undefined symbols, addre&saniit



invalid delimiters, invalid syntax, incorrect specifications of registenask field, invalid op
codes, undefined operation codes, invalid displacement, and end of data on input [11]. Even
though there is a significant amount of difference between assembly laranghgerrently used
languages like Java, some of the errors encountered by novices then are idethigcalors

seen now.

Another early study of novices' errors or misconceptions comes from Bayman gad Ma
in 1983 at the University of California-Santa Barbara [13]. This study all@9aindergraduate
students who had no experience with programming to learn the BASIC language on ah Apple
computer. After the completion of the course, the students were given a test ¢htemests.
Their task was to write out the steps that the computer would perform for eantestate

Overall, the students had trouble with: input, flow of control, assignments, and output [13].

10



2.2. Integrated Development Environments

Since programming is a critical expectation in the field of Computer Sc[@hat is
necessary to study effective ways to help novice programmers improvekiteithsough
finding more suitable programming environments. There are several spetiativironments
known as Integrated Development Environments (IDEs) that have been creatkd to ai
programmers in developing code. A typical IDE contains a text editor and -anbeoinpiler or
interpreter. More advanced IDEs may have a built-in debugger [22]. Manyh@&gseduce the
errors generated by programmers through text editors that analyze thedyth&acode as it is
being written. These environments are also helpful in formatting the code to ldok nea
automatically. When compiling or executing a program through the use of an IDEethmay
click on a “compile” or “run” button that is typically provided as a menu option rather tivagn us
a command line interface [23]. In many cases, an integrated developmeoherarit makes
programming much easier for users. Typically, integrated development envirsrooerd in
two different categories: pedagogical or professional.

Pedagogical IDEs are integrated development environments built spigciioe
beginner programmers to help them learn to program. These kinds of environmeimiplare s
because they lack many features. For example, Dr. Java, a pedagagidBliElghas restrictions
on its behavior in order to keep its interface very simple. This tool does not offénplug
architecture, the ability to complete code for the programmer, access/igating, or program

refactoring options [23]. The main reason for such IDEs being this simmehatsthese

11



environments can appeal to the novice programmer. Typically, pedagogicahi®Eonsidered
“half-strength” because they are intended to be used for smaller pr@Lt$tese
environments generally attempt to reduce the underlying complexities oapnogng from
inexperienced programmers by its great ease of use. In addition, pedatidiggale created to
meet the specific requirements seen in introductory programming coursesample, BlueJ
and Dr. Java, pedagogical IDEs for Java, are much smaller than profesai@ni)ds such as
Eclipse and NetBeans.

Professional IDEs on the other hand are rich in features, but their compleyityenioo
much for a novice programmer to handle. They are considered “full-strength” betdhsir
many features [24]. Despite their complex behavior, these IDEs offerapnoggrs the
opportunity to write code more quickly and with greater quality. An example of Enviih
such available traits is Eclipse. This Java IDE is productive as weli@srdffor the
development of Java programs. Some of the benefits that Eclipse provides to the pesgaeanm
[25]:

e syntax highlighting for keywords

e code auto-completion for variables and predefined methods
e code assistant that gives method hints

e packages importing

e wizards to eliminate manual repeated typing for classes, methods, constetctors

e a package-class hierarchy view and a class fields and methods outhnenakes it
easier for the programmer to navigate without dealing with implementatiofsjletai

e javadoc documents
e user preference on indentation, color, fonts, general project/class comments, etc

In some cases, professional IDEs can enable plug-ins from other souteedl tause a

modification to these environments in order to make them more suitable to the norice use

12



Pedagogical systems like Dr. Java and Gild have either been plugged into orezbtofihe

Eclipse environment in order to cater to novice programmers [26, 23].

13



2.3. Editor/Command Line/Console Environments

Besides using an IDE, an alternative environment is the command line. A kegrtiffe
in using such an environment versus an IDE is that the programmer may have to use an
independent editor to write a program then compile and execute the program framthanc
line. For example, if a programmer is programming in Java on the Windows platfotepaid
and other editors like UltraEdit [28] are available for writing applicataomdthe command
prompt is used as the command line to compile and execute the application. On Linuxxand Uni
operating systems, the command line is considered more of a shell or consolbahes laes an
interpreter because it retrieves commands from the user in order to perfaific $peks [27].
This behavior reveals another difference in the command line/console whichiislthes not
provide graphical operations or a Windows-Icon-Mouse-Pointer (WIMP) interfZ¢éoj2he
programmer like IDEs do. This style of programming forces a programmevetgen
understanding of using the command line by providing inputs in order to achieve a desired
output.

To provide an example of how to program using the command line environment, let's say
that a programmer is writing a simple Java program céldib\World using the Windows
platform. The programmer uses Notepad to write the application and the Commaipd terom
compile and eventually execute the program to achieve the output. In order to compile the

HelloWorld application, the programmer will have to type the commawndc HelloWorld.java

14



and to executgava HelloWorld Figures 1 and 2 illustrate how programming differs between

the command line environment and an IDE:

Helloworld Application

[ HelloWorld. java - Hotepad E@E

File Edit Format “iew Help
O

* The Helloworld class s an aﬁp'l'icat'iun that
* displays "Hello world!" to the standard output.
s

public class Helloworld {
A5 Display "Hello world!”

public static woid maingstring ar"ES[]j I
System. out.printIn{"HeTllo world!"J;

i Command Prompt

Microsoft Windows XP [Uersion 5.1.268081
(G> Copyright 1985-20@1 Microsoft Corp.

compile |
command

H-Dpjavac Hellolorld. java

H:~>java Hellolorld
fello Yorld?

execute
command

Desired
Output

Figure 1:Command Line Environment (using Windows platforn
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Compile Button Execute Application

J File: H:AHeloWorld. java

File Edit Tools Project Debugger Language Lewvel Help
Sawe D< Close ‘ R Cut |E Copy” @ F aste Undo Fedo ‘* Find Coﬂlpile Reset RL! Test || Javadoo
. 1
HzlloTeorld. java ﬁ’ L/w-x
¥ The HelloWorld class is an application that
¥ displays "Hello World!"™ to the standard output.
*/
public class HelloWorld !
< HelloWorl
A#4 Display "Hello World!™ el 0 0 d COde
public static woid maini(3tring args[]) §
dyatewn. out.println("Hello World!™):
}
}
e T e e T T T e T e e e e e e e T e e e e e T e e T T e T e o
f Interactions r Console |/ Compiler Output
Welcome to DrJawa. Working directory is H:b
> jawa HelloWorld
Hello World! < Desired Output
>
|HaHelloworld java 10

Figure 2:Hello World Application using an Integrated Development Environment (JCreator)

There are cases where the command line/console environment can be mortharseful
the IDE. For example, the command line/console environment is very useful whertftrenpla
being used has no way of displaying a graphical user interface. It is al$wibefar those
applications where an advanced graphical user interface is not necessarydéaliney with
web-related software, the command line/console environment is also great tcaissebaany

of the back ends to the web software are a collection of command line utilities [29].

16



2.4. Python vs C++
2.4.1. Characteristics of Python
The language of Python was developed by Guido van Rossum at the National Irstitute f
Mathematics and Computer Science in the Netherlands during the late 1980sJuagdain
many cases is used as a scripting language and is similar to othgngdanguages such as
Perl, Tcl, and Ruby. The characteristics that make Python different frdmsstipting

languages are [20]:

e clear and readable syntax

e oObject orientation that is intuitive

e the procedural code is naturally expressed

e full modularity

e has exception-based error handling

e high level and dynamic data types

e extensive standard libraries

e extensions and modules that can be written in C, C++, and Java

e can be embedded in applications in the form of a scripting language

General benefits that Python has to offer to users are its simplicity andgsagte It can be
utilized with languages that are object-oriented, and can be fun to use. Python’s simate for
makes it easier for users to learn. Python is also safe to use because it proaitega
collection to prevent memory leaks or dangling pointers thus making it unliketydaser to

get a logical segmentation error. Even though Python is mainly a scilgrigggage, it can also

take on the role of being object-oriented by allowing typical object-oderdding schemes
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[18]. In addition, Python offers an interactive interpreter. This interpratealtow students to
execute (interpret) fragments of a program. This helps students be motigesffepointing out
errors or possible bugs that are in the program because it will execlisnuattior is detected.
This is better for the novice than having a program that will not compile at hll [16

Although Python is a powerful scripting language, along with other scriptingdageg,
it has some drawbacks. Generally, scripting languages are not as eficsgsteam languages at
compiling and executing programs because they tend to take longer in processing. Another
concern is that students will most likely still have to learn a system lgadngcause scripting
languages are mainly complementary and are not broad enough to replacdaygteges [16].
Python’s benefits are strong enough for it to be used in introductory programnssgsslaut it
may still lack the tools needed to be used in an advanced programming course.

Despite some of its drawbacks, the popularity of Python is increasing anddely wi
used. It's a simple but powerful language that can be used as a scripting ecooented
language. Python can also complement other languages by being plugged into latngia@ges
system based. Example platforms that users can run Python include: Windows,, Miac@S

Unix, and BeOS [18].

2.4.2. Characteristics of C++

The language of C++ was developed in 1979 by Bjarne Stroustrup as an enhancement to
the C language [20]. Stroustrup calls the language “a better C” becauseilit is provide
better support to the C language and its programming styles [21]. Primarilyak®zstdan

various behaviors that C encapsulates. Characteristics that are seen ift thegDi&ige are [21]:
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e checking and coercion of argument types

¢ inline functions

e constants that are scoped and typed

e number of arguments that vary

e declarations as statements

e (data abstraction support

¢ initialization and cleanup

e free store operators

e oOperator overloading

e coercions

e derived classes

e virtual functions

e visibility control
The benefits and advantages that C++ gives to programmers include user gpfsed t
encapsulation, separation of interface from implementation, composition, inberitand run-
time polymorphism [15]. C++ contains all the necessary components to supportovigjetetel
programming. A significant advantage that C++ offers is efficiencyg;avven more efficient than
its predecessor, C, in many cases.

Since C++ heavily depends on object-oriented behavior, it is criticallyrtemgdhat a
programmer is well acquainted with object oriented programming in order to be productive
this language [15]. For a novice to be great at the C++ language, one majbatdmsi{the must
understand is that C++ is not a “pure” object-oriented language becaused dilta and code
to be used outside its class structure [15]. Another obstacle is knowing how to manipulate

constructor and destructor functions. Even experienced programmers arenasnetiped up

by the functions being invoked without any explicit function calls [15]. A third issadjusting
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to the idea that C++, in many cases, does not indicate the appropriate ctasther
mechanisms that need to be externally included [15]. A broader factor that nowdds be
concerned about is how intimidating C++ looks. Its appearance alone has the tendency to
discourage many students [17]. Therefore, C++ is a very rich and efficient-obgnted
programming language but its complexity may be an issue for students in intrgductor

programming courses.

2.4.3. Comparing Python and C++

When comparing the two languages, C++ is more object-oriented while Python is
considered more interpreted and interactive. Generally, C++ has been labmtedohshe more
complex languages to learn because of its formality. Python on the other hand psegysim
and its programming format looks more like the English language. Python also ysies sim
syntax and semantics that allow students to create more advanced proghal@sswi
implementation effort [18]. It has been a suggested that Python has the patdrgial great
language for introductory classes [16, 18].

A study was conducted in the School of Computing at the University of Leeds using
Python in an introductory programming course during the 2002 - 2003 school year [16]. Three
hundred students from a diverse range of degree programs along with differisnbieve
experience took this twenty week course. The students learned Python during e dinst
weeks and moved on to C++ for the following seven weeks. The results from this studg show
that while learning Python most students were able to write simple progratthsquickly.

Many of them were also inspired to experiment with other features withitatiygage. On the

20



other hand, the students felt that C++ was more complicated. More studiesevermed on a
sample group of students from this population, based on learning the material covered in C++
with Python. It became apparent that it was easier to learn Python's verdfiemwdterial

because less amount of teaching was needed. The students’ attitude at the ecdwkthis
indicated that they favored the use of Python more than C++ [16]. Generally, sdaptngges

are more favorable to programmers than languages that are primardisaipated because of

the significantly smaller amount of code needed to develop projects. Due to ite\ebhyntax

and the ability to use a smaller amount of code in programs, errors are lgswld@tur in a

scripting language which is a positive benefit for novices.
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2.5. Summary

This chapter provided background information about the behavior of novices in
programming, the general usage of the IDE and command line environment, and the
advantages/disadvantages of using Python and C++ languages. Novices insems¢raggle
with understanding the fundamentals of programming. One particular reasartieihaental
model for writing a program is different from that of an expert. This and athtar§ show why
novices make various kinds of errors that are normally avoided by experiencexhpregs.

When using certain environments to write a program, a command line environment
requires a programmer to use various commands as part of the procedure tmpriogrwhile
using a compiler independent of the editor. Integrated development environments provide user
friendly tools to help programmers produce code in an efficient manner. Pedatdgsam
particular help novices with their ability to program in the language that is bezdg$sme
languages are simple to use when compared to others. The scripting langtlame, Bes
simple syntax that is close to the English language. C++ on the other hand is ractre obj
oriented and in many cases is considered one of the more complex languages tcesa die

its format.
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3. STUDY
This chapter discusses the interviews and surveys done to obtain information figm usi

both environments. It was the intent that this study would give more insight hbeat t
environments and set the background for further research in the future. The Cdcmriee
Department has decided to change the introductory sequence for CS maginall@rihe
students were required to take the course sequence: CS 114, 124, and 325. CS 114 and 124
taught the C++ language using the IDE, Microsoft Visual Studio. CS 325 also taugavéhe
language but with a command line environment on the Linux platform. During the Sp@fig 2
semester, the department offered CS 150, which is the first course of the nencesedbes
course taught the Python language with a command line environment on the Lifanxplat
This study allowed for interviews to be conducted with a sample of students whidaitke
completed or are about to complete the original course sequence alongrvetsdor students
who were enrolled in the new introductory course. The purpose for this informatida was
attempt to address the question of whether one environment helped students piitly dhasic

programming skills over the other.
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3.1. Interviews: Original Sequence (CS 114, 124, and 325)

An email was issued out to the students who were taking CS 325 and/or 357 with no
incentive being involved. There were ten students who agreed to participate imaavinte
which lasted fifteen to twenty minutes on average; one of these students waswaérvi
differently from the other students because this particular student also seavetatr for the
students in the new sequence. It was expected that this student would most likelyrthar
insights about these environments than the other students. Therefore, some of theeesuit
Chapter 4 will only consist of nine responses. These interviews took place in Houser Hal

The students were asked various questions concerning their experience with using both
an IDE and a command line. As stated earlier, these students learned thadtiagdaon the
Microsoft Visual Studio environment. After the completion of the first two couriseg,then
begin learning Java in a command line environment on the Linux platform. It wasethietivatt
these questions would successfully provide information about the advantages and digaslvanta

of both environments. The questions used for these interviews can be seen in Appendix A.
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3.1.1. Participants: Original Sequence (CS 114, 124, and 325)

The participants in these interviews consisted of students who were cutakimttyCS

325 (students who were about to complete the course sequence) or were taking CS 357 (students

who have finished the course sequence); there were a couple of students whkimgoth

courses in the same semester. These students were mainly Computer Sgansogithahe

exception of a couple of students. Table 1 shows demographic information about each of the

participants. It was the intent to get a well diverse group of students itogzaet in these

interviews. However, most of the respondents were Caucasian male studenfsealsatns

fairly representative of the student population in those classes.

Table 1: Demographic Information about the CS 114 Students

Student Gender Age Ethnic Background Major Current CS class
ID#1 Male 21 Caucasian CS CS 357
ID#2 Male 22 Caucasian CS CS 325 and 357
ID#3 Male 19 Caucasian CS CS 357
ID#4 Male 19 Caucasian Finance CS 325
ID#5 Male 20 Caucasian CS CS 325 and 357
ID#6 Female 20 African American CSs CS 325
ID #7 Female 21 Caucasian Cs CS 357
ID#8 Male 23 Caucasian MIS CS 325
ID#9 Male 27 Caucasian CS/Mathematics CS 325
ID#10 Male 20 Caucasian CS CS 357
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3.2. Discussion and Survey: First Course of New Sequence (CS 150)

For the students in CS 150, a focus group discussion was conducted. There were a total of
thirteen students who participated in this discussion. One of the professors in thaelepa
who did not teach this course, was the primary facilitator for the discushich took place in
room 112 of Houser Hall. The questions were related to the format of the course #hottge wi
students’ experience in using the command line environment. The discussion lastedifor a
two hours. At the end of the discussion, the students received a questionnaire that asked the
provide more detailed information about the command line environment in addition to learning
the Python language. The information that these students provided on the questionnaire

represents the data shown throughout Chapter 4. This questionnaire is provided in Appendix B.

3.2.1. Participants: First Course of New Sequence (CS 150)

The participants were from a variety of fields: Computer Science, MatiestMath
Education, Management Information Systems, Electrical and Computing Eng@ieeri
International Business, and Biology. This group was very diverse; there werersales and
six females (eleven Caucasian and two Non-Caucasian students). Table 2 prouatgsleic
information about the thirteen participants involved in the focus group. (Note: a fewtstdae
not provide all their background information, therefore that information is noted ais &

table).
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Table 2: Demographic Information about the CS 150 Students

Student Gender Age Ethnic Background Major Current CS class
ID#11 Male 19 N/A N/A CS 150

ID #12 Female N/A Caucasian MIS CS 150
ID #13 Female 22 Caucasian Biology CS 150
ID#14 Male 19 Caucasian International Business CS 150
ID#15 Male 21 Caucasian MIS CS 150
ID #16 Female 20 Caucasian MIS CS 150
ID #17 Female 21 Caucasian CS CS 150
ID #18 Female 22 Caucasian Math Education CS 150
ID #19 Female 19 N/A MIS CS 150
ID#20 Male 19 N/A ECE CS 150
ID#21 Male 18 Caucasian MIS CS 150
ID#22 Male 20 Caucasian Mathematics CS 150
ID #23 Male 23 Caucasian MIS CS 150
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4. RESULTS

This chapter looks at the data retrieved from the interviews and surveys cdnalucte
students from the original course sequence and CS 150. The data provided throughout this
chapter is analyzed either qualitatively or quantitatively. Section 4.1 descasy programming
experience that both groups of students possess prior to taking their introducteey ther
next section looks at the students’ initial response when being exposed to theseesvs.

Section 4.3 focuses on the level of comfort each student had with their respective egvironm
which also consist of a subsection that talks about the amount of time it took for them te becom
comfortable with the environment. The fourth and fifth section compares thet easresll as

hardest attributes about Microsoft Visual Studio and the command line in Linuxtreskyec

Section 4.6 gives statistical ratings about the programming language®utexté

environments. The seventh section mainly focuses on the students who took the augs®l ¢
sequence since they were exposed to both environments. This section consists of three
subsections that go into detail about: the easiest/hardest things aboutrnkgiotrérom one
environment to the other, which environment is their favorite to use, and which environment is
the most efficient for programming. The final section, 4.8, looks at informatvem dy one

student who not only has taken the original sequence but also served as a student mehitor for C

150 students.

28



4.1. Programming Experience

This section provides information about whether the both groups of students had
programming experience prior to taking their respective introductory co@aesf the ten
participants who took CS 114, six of them (60%) actually had prior experience in praggamm
The students in CS 150 had seven (~54%) to have prior experience with prograRiguireg3
shows a bar graph of this information. After a chi-square analysis wasmed on these results
where the calculategt = 0.205df= 1, o = 0.05, and the critical value is 3.481, the distribution

between these samples were not significantly different.

Mumber ol studenls

Yes MNo Tez No
C5114 C5150

Figure 3: Programming Experience Prior to CS 114/CS 150
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For the six students who took CS 114 who had prior experience in programming, these
environments and languages consisted of: Tl Calculator, C++ (two students), idaahBdsic,
C and Pocket C; the seven students from CS 150 had experience with: Sway (two students)

Java(JGrasp), Html, JavaScript, C++ (three students), Python, and Tl Basic.
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4.2. Initial Response to Environments

These students were asked about their initial responses to their environment. Far the n
students from CS 114 who provided a response, seven (~78%) had a positive response to
Microsoft Visual Studio while two (~22%) had either a fair or negative responsef @e
thirteen respondents for CS 150, six students (~46%) had a positive response to thedcomma
line while the remaining seven (~54%) had either a fair or negative resfgdrese was only one
student from the CS 150 sample who was a Computer Science major. This studerdulapart
was one of the seven that gave a fair/negative initial response about using trenddmen
environment. Figure 4 represents the responses made by the students for tlotiveespe
environment. After a chi-square analysis was performed on these reseltstive calculategh

=7.66,df = 1,0 = 0.05, and the critical value is 3.841, there was a significant difference hetwee

the distribution of both samples.

(e =]
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CS5114 C5150

Figure 4:Initial Response from the Environments
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4.3. Level of Comfort with the Environments
The level of comfort the students had with their respective environment firsesidey
the following categoriesiot comfortable, fairly comfortabler very comfortableThere were
cases where some of the students literally stated that they werefmiarable,” “very
comfortable,” etc. Other students’ responses were interpreted agdreagd by the researcher
The students who took CS 114 were either very comfortable with using Microsadt Vis
Studio or fairly comfortable. Seven out of the ten were very comfortable wkilemaining
three were fairly comfortable. Five students in CS 150 were very com#outathl the command
line environment in Linux; six were fairly comfortable and two were uncaatfte. Figure 5
displays these results. After a chi-square analysis was perfamibe@se results where the
calculatedy? = 4.85,df = 2,a = 0.05 with the critical value being 5.991, the distribution between

both groups were not significantly different.

9
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Figure 5: Students’ Level of Comfort with Their Respective Environment
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A proposed threat to validity was possible from these results. The students who took CS
114 were now taking higher-level courses and had already gained furtheeegpevith using
Microsoft Visual Studio (particularly in CS 124). After multiple semestérssing this
environment, it seems obvious that these students should be fairly comfortable mgth usi

Microsoft Visual Studio.

4.3.1. Length of Time it took to get comfortable with the environments
To measure the amount of time it took both groups to become comfortable with their

respective environment, the responses was placed into either of the two eategermonth or
lessor more than one montiseven out of nine students from the original sequence became
comfortable with Microsoft Visual Studio within a month’s period. Their acesponses were:

® The first project (two students)

® A couple of weeks

@ After understanding how to compile and execute a program

® After one month (three students)
The remaining two students fell into the category of more than one month becausectae
comfortable eithehalfway through the semestartoward the end of the semes{#ris student
took CS 114 during the summer).

The information from the students in CS 150 showed that nine out of the thirteen students
became comfortable with the command line environment within a month’s perio@. Thes
students stated that the amount of time it took for them to learn and understand the environment

was:
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® One to three weeks (five students)

® Not long at all (three students)

® After the second class
The remaining four on the other hand were placed into the more than one month categjory. T
response indicated that it took:

® Verylong

® Two to three months

® Majority of the semester

® The entire semester
The two students who were not comfortable at all with the command line environmeahtiséedt
they it took thenvery longor the entire semesteAfter a chi-square analysis was performed on
these results whepé = .537,df = 1,0 = 0.05, with the critical value being 3.841, the distribution

between both groups were not significantly different.
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4.4. Microsoft Visual Studio: Easiest/Hardest attributes
This section provides information about what the students who took CS 114 perceived as

easy as well as difficult about using Microsoft Visual Studio. When asked thetehsigs
about using Microsoft Visual Studio the students stated:

® Syntax Highlighting (two students)

® Provided feedback about the program (one student)

® Code Layout (four students)

@ Easy to manage projects (two students)

® Compiling and executing a program with just a click (four students)

® Easy interface (one student)

® Debugging (two students)

® File uploading (one student)

® Error detection (one student)
When asked about the hardest of using Microsoft Visual Studio, the students stated:

® Nothing (one student)

@ Placing files in the correct location in order to compile a program (one student)

® Understanding exception messages (one student)

® Debugger was not clear (very sensitive to errors) (three students)
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® Understanding the errors detected by the compiler (one student)

® |t took a while to find everything the environment had to offer (one student)
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4.5. Command Line Environment: Easiest/Hardest attributes
This section provides information about what the students from CS 150 believed to be
easy awvell as difficult when using the command line environment in Linux. When asked about
the easiest things of the command line environment, the students stated:
e Easy to understand (four students)

e Using macros from the keyboard to invoke commands onto the command line (one
student)

e Lightweight environment (one student)
e Error Messaging (one student)
When asked about the hardest things about the environment, the students responded by saying:

e Adapting to the environment (two students)

Learning skills on their own (teaching themselves) (one student)

Switching between Linux and Windows (one student)

Knowing short cuts through this environment (one student)

Not being able to use a mouse (one student)

Error messages were sometimes cryptic (one student)

Remembering all the commands in the environment (one student)

Note: Some of the responses given fell into the same category asesfienses; a couple
of students did not provide a response to these questions.
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4.6. Python vs. C++ (Statistical Ratings)

As part of the interview, the students were asked to rate on a scale of 1-10 (1 being the
lowest, 10 being the highest) their programming skills in their respectivedgagThis data
give potential information about whether the environments may have an influence dintiee ra
given. However, there was a possible threat to validity because the students wh8 tidiok C
have had multiple semesters of the C++ language while the CS 150 students only had one
semester. To look at the significance of comparing the two groups and how they natgdlihe
in the languages respectively, a two-sampést was performed. The averages were computed
from the ratings given from both groups in order to perform the test. The avdragenzen
by students who used C++ was a 6.94; the CS 150 students gave an average of 5.23.By using an
alpha value of 0.05 (95% confidence interval), the results indicated that thesgeay®iith a p-

value of 0.016, were significant. Figure 11 shows an individual value graph plot of thdte res

Individual ¥alue Plot of Python (CS 150), C++ (CS 114)
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Figure 6: Skill Ratings for the Languages of Python and C++
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4.7. Data Concerning Students who took the Original Course Sequence

The next sections, Section 4.7.1, 4.7.2, and 4.7.3 focus only on the students who took the
original course sequence since they have experience with using both envisoreetion 4.7.1
explores how well these students transitioned from Microsoft Visual Studio tottmand line
environment in Linux. In Section 4.7.2, the students are asked about their favorite environment
to use when programming and the reasons that led them to make their decision.4Se&

looks at what the students saw to be the more efficient environment to use.

4.7.1. Transition Between Environments
Since these students have been exposed to both an IDE in CS 114 and 124 and the

command line environment in CS 325, they were asked to express what was easysas well a
difficult about the transition from one environment (IDE) to the other (command line) a$kie e
things about the transition were:

e Same language was being used/Syntax did not change (four students)

e Already knew how to use the command line environment (four students)

¢ File traversal was easier (one student)

e Code copying and pasting into the environment (one student)
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The difficult things about this transition were:
e Compiling on the command line (one student)
e Inputting arguments on the command line (one student)
e None of the compilers provided detailed debugging options (one student)
e Lose syntax highlighting (two students)
e Lose the ability to click a button to compile and execute a program (one student)
e Learning all of the commands (five students)

e Remembering to manually add “include” statements to the program (one student)

4.7.2. IDEs vs. Command Line: Favorite

When asked about their favorite environment to use and the factors that lead them to their
decision, out of the ten students interviewed, eight of them (80%) chose the IDE tw be the
favorite while the remaining two (or 20%) chose the command line. Figure 12 shoayshaogr

these results.

Favorite Environment

Number ol students

IDE(Visual Studio Eclipse.etc.) Command Line

Figure 7: Favorite Programming Environment
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The following table, Table 3, shows a list of factors that caused the students totlieicide

favorite environment:

Table 3: Factors that Lead to Favorite Environment

Microsoft Visual Studio (IDE) Eclipse (IDE)

Command Line

Has a powerful debugging tool  Likes the interface
(one student) (one student)

Likes the interface (one student) Easy to use
(one student)
Easy to use (one student)
Easier to understand
Does everything it needs to do (one student)
(one student)
More user-friendly
Easier to learn (one student) (one student)

Great for basic programming
(one student)

Command Line is better for
smaller projects (one student)

Quicker to use
(one student)

Takes up less space on the
computer (one student)

4.7.3. IDEs vs. Command Line: More Efficient

In addition to the information asked in Section 4.6, the students were asked which

programming environment was more efficient for programming. Out of the nine Swadsmt

responded to this question, six of them (~67%) believed that the IDE was moenefiihile

the remaining three (or ~33%) said the command line. Figure 13 shows a graph aéghkse r
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More Efficient Environment
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Figure 8: More Efficient Environment

Some of the reasons why certain students believed that the IDE was ficigatefas because
of better file organization, code can be generated without being wréteteasier format layout
for programmingReasons why the command line was believed to be efficient was due to the

user not being distracted by featuiesorder to stay focused on the program.
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4.8 Student Mentor Interview

This student was asked additional questions about the students’ performance with the
command line environment in CS 150 along with his experience with the environments. In
particular, this assistant stated that the CS 150 students were becomiagaiadméand “fluent”
with VIM. Another response was that on average the students were comforta&aleing and
applying the basic commands. A third observation seen was that the saved filemipyogere
very easy to find when using VIM as opposed to Microsoft Visual Studio. This niesieved
that Microsoft Visual Studio required learning how to use the file directorydier ¢o find

particular programs that were saved in the environment.
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5. ANALYSIS AND DISCUSSION OF RESULTS

When comparing the amount of programming experience between both groups, the
results were close. The students from both the original sequence (60%) andjuencse
(~54%) had a fair amount of programming experience prior to taking either CS 13@.dre
chi-square analysis showed that the amount of experience between both groepsniyas
distributed.

This question in general required a binary yes or no answer. Each student was aske
whether or not they had any programming experience prior to enrolling ingbp@ative course
but this introduced another question that concerned how much prior experience did each student
have. Just because a student answered yes to this question did not really imbasure
programming experience was based on a one day programming assignment, months of
programming, or even years of experience. However, the scope of this question anddmow
related to this study showed that the students from both groups were eveildytdidtwith prior
experience.

The initial responses to these environments contrasted much more. The majority of the
students (~78%) who took CS 114 had a positive response to their initial experience with
Microsoft Visual Studio. The CS 150 students roughly had half (~46%) to respond in the same
way about the command line environment. By looking at the chi-square analysihésen

results, the distribution showed that the amount of students who had a positive initiale¢spons
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Microsoft Visual Studio was significantly greater than those students whonesd positively

to the command line. This contrast could be based on the visual appearance of the IDE being
more attractive than the command line. By looking at Table 3 that contains a Issa@fsehat

lead some students to favor IDEs over the command line, the students mostly provided visua
reasons. For example, these students typically gave responses su@udkelikterfacevas

easy to useandit was more user-friendly as the reason for choosing the IDE over the cmimma
line. Seemingly, the interface of the Microsoft Visual Studio (and Eclipsg)have been more
attractive and enjoyable to the students in CS 114. On the other hand, the appean&nce of t
command line environment along with less than half of these students not having previous
programming experience may have been the critical reason why the stadestd50 gave a
significantly lower positive initial response.

When analyzing the level of comfort these students have with these environments, the
students who used Microsoft Visual Studio were at least fairly comfortathleising the
environment. Between the three categories shown in Section 4.3, there wertudmmtsgo say
that they were very comfortable with Microsoft Visual Studio than those whe faiely
comfortable. In addition, there were no students who claimed to be uncomfortable with the
environment. On the other hand, the CS 150 students were almost even in the categories of very
comfortable and fairly comfortable. In addition, there were a coupleidésts who were still
uncomfortable with the command line.

However, the chi-square analysis indicated that there was nothing sign#fimaut the
differences from these distributions. By observing the actual data from Figheedfféerences

in the amount of students who were not comfortable, fairly comfortable, or vergrtabié¢
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between both groups only varied by at most three students (Fairly comfo8tablelents who
took CS 114, 6 students who took CS 150, varied by three students).

By looking at the two categories used to compare the amount of time it took the students
to become comfortable with these environments, a chi-square analysis showeer&stno
significant difference between the two groups. However, the most freqspainse by the
students concerning the time frame for becoming comfortable with theioement were
within one month or less. For the seven students from CS 114 who took less than a month to get
comfortable with Microsoft Visual Studio, three students, which was the most frexquentt,
stated that it took them about one month. Out of the nine students from CS 150 who also fell
into the same category, five of them (most frequent) stated it took them onectavreks. The
second most frequent amount of students to become comfortable with Microsoft Visliali®
a month or less was two students who stated that their confidence came ditstr phgject; for
the students in CS 150, the next frequent amount was three students who statexbihtitatr
not long at all to get comfortable with the command line. In contrast, the amoune of touk
the students who were not comfortable after one month varied. There were no students who
reached their comfort level in a similar amount of time. Overall, themhajrom both groups
became comfortable with their respective environment within one month or less.

When observing the easiest attributes seen from these environments, the BiuCiSnts
114 most frequently mentioned Microsoft Visual Studio’s ability to automatitaiinat and
align code along with being able to compile and execute a program with just afdhe button
(each statement was said by four students). The second most frequent resposisel afrikree

statements: syntax highlighting, managing projects, and debugging (eachestbwas said by
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two students). The remaining attributes that made Microsoft Visual Studiovaasstated by

one student per statement. For the command line, the ideal of the environment heiog eas
understand was the most frequent response by the students in CS 150 (said by fos).sSthéent
remaining responses only consisted of one student per response.

When looking at what the students saw as difficult about these environments, the most
frequent response from the CS 114 students was that the debugger was uncleart{szed by t
students). The number of times this statement was said almost equaled theddsinients
who stated that debugging was actually an easy attribute. The otherd#fiobutes about
Microsoft Visual Studio had only one student per statement. For the command lingydkere
only one statement that was said by more than one student which concerned addping to t
environment (two students). The other statements consisted of one student penstate

The relevance of obtaining skill ratings from these students based on their pniiggam
language was to determine if there were any potential confounding faBtpteoking at the
programming languages used on these environments, the CS 114 students, who used C++, gave
an average skill rating of 6.94. The CS 150, who used Python, gave an average skilf rating o
5.23. These results were interesting because C++ is generally thouglat noulsd harder
language than Python. However, one confounding factor was that the students in the original
sequence have already had multiple semesters of C++ while the studentomdtyy had one.
Another possible factor could be the environments. If so, then this implies that theatDE
having a better effect on how the students are learning to program.

As far as transitioning from Microsoft Visual Studio to a command line envirot e

most frequent statements concerning the easiness of the transitiorheeyntax did not
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change due to the same language being used or the students’ already knew haketo use
environment because of previous experience (each statement was said by fots)stade
when observing the difficult aspects about this transformation, the most frecggtatgly issue
was the idea of learning all of the commands (said by five students); onlfudeatsfrom CS
150 stated this as a hard attribute of the command line. This however was notgusprcs the
students typically began programming using an IDE that could perform variousokiactsons
via a button click. This introduces the question of whether students who use an IDEy actuall
understand the activities involved in the procedure for programming. Rather than justcktmwi
click a certain button option on the interface to perform an action, do they understand what is
going on behind the scenes? There are also other statements made by thesdlsitideggest
the possibility of them being “spoiled” by the IDE which caused them to lose olé dullt
understanding of programming. For example, inputting arguments on the command line,
compilers not providing detailed debugging options, no syntax highlighting, and renregrtber
manually add certain statements to a program are things that can hejjpasarpner understand
the basics of programming. By manually performing these actions, the prograamyet a
more hands-on feel for programming. In many cases the programmer who U3Esi&n |
prevented from manually performing certain actions as stated above andrthecefld
potentially lack the understanding of what is actually occurring in the program.

When looking at what these students chose as their favorite environment, nadjority
them (~80%) liked the IDE. Since some of these students were currenthy35/C&hich
teaches the Java language, there was a mixed preference between Mitsasbftudio and

Eclipse. As stated earlier, the major reasons for these students likibgEtheeems to be based
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on their visual appearance with the exception of a couple of reasons whiclit Wwasea
powerful debugging toogndgreat for basic programmingrhe two students who chose the
command line as their favorite gave reasons sudh@sommand line is better for smaller
projects, it is quicker to user it takes up less space on the computeseemed that these
students liked the command line because it performed in an efficient manner.

In addition, these students were asked about the more efficient environment out of the
two. The majority of these students chose the IDE; only three students choséseth®ome of
the reasons why these students thought the IDE was more efficient wasebiétend better file
organization, the code could be generated as well as written, and it was eayeutthie
format for programming. The major reason why the other students chose the conmmavasli

because it allowed the user not to be distracted by different features.
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5.1 What Do These Results Imply about these Environments?

By only observing what the students said in regard to these environments without
focusing on any other factors, it seemed that the IDE was the better eremtoiiime criteria
used to obtain these results show that more students in CS 114 who used the IDE had a higher
rate of positive responses, they were more comfortable with this environmentyordi/these
students took more than a month to get comfortable, and more easy attributstateerabout
this environment. However, summarizing this data does not give accurate pteof tB& is
better than the command line. One problem is that both student samples are not that big
therefore it is not best to say that just because the students from the eegnahce had more
students to have a positive initial response, a greater level of comfort, anthingseto say
about the easy attributes than hard attributes does not prove that an IDEriBastd on the
chi-square analyses performed on much of these results, most of tha, asitikrithe exception
of the initial response to the environment, had an even distribution between both samples.
Another factor is the visual appearance of the IDE. Many reasons whydeatst favored the
IDE were because of its visual features. But does appearance alonennti2kebetter than the
command line. In order for the IDE to be more suitable than the command line, it nputehel
programmers, in particular novices, with acquiring the basic programmitgthiat will help
them become successful programmers. Therefore, it is better to sathtat¢ad hypothesis for
this studyan IDE is actually a better learning environment compared to a Command

Line/Console for novice programmers to usaeuld not be proven based on these results, because
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there were no significant factors, with the exception to the initial respanties ¢nvironment,
that made one environment better than the other. Rather, there is a question of whsether the

environments may be equally matched in suitability for programmers,igbpéar novices.
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6. THREATS TO VALIDITY

There were a few observations from these interviews that posed as threéthtyoforn
this study. The first observation was that the students who took the original egusace of
CS 114, 124, and 325 had more experience with using the C++ language unlike the students in
CS 150 who only had one semester of Python. It was somewhat expected that tmerpirogra
skill ratings for C++ students would be higher than the students who use Python due to more
exposure. This observation relates to the second observance, which is that the stuolest
in the original sequence also had at least two semesters of exposure to MidsosdfBtudio
compared to the students in the new sequence who had only one semester of exposure to the
command line.

A third observation is that the students who took the original course sequence lacked
diversity when compared to the CS 150 students. The students interviewed weye mostl
Caucasian males. The information retrieved from these students was nidt lowat would
have been better if this information could have come from a pool of diverse studentseHowe
this sample was a good representation of the student population of CS 325 and 357. From the
sample, 80% of the students were Caucasian male; the population showed that ~79% of the
students were Caucasian male. In the sample, only 10% of the students wereublagiaDa
while the larger population was ~13% Non-Caucasian. When concentrating origtendd in

gender, 80% of the student sample consisted of male students while the populatitas ovasa
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~89%.The percentage of females in the sample was 20% while the population showed a
percentage of ~16%.

Another observation relates to the fact that the CS 150 students were not all Computer
Science majors. Only one student was actually a Computer SciencekEnajothough these
students provided a great amount of information about the command line in Linux, there was
chance that the sample’s representation of students may not have been a gsedtedjum of
the CS 150 population. Currently, the representation of the CS 150 student population is
unavailable.

A final observation was that these results represented only a sampleeoitstddhis
leaves open a question of whether or not the results would differ if a totaliedifample of
students are interviewed. An alternative approach to resolving problem is¢ase¢he sample
to include all of the students who are (or were) taking these courses in ordé&etthmeesults

even stronger.
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7. FUTURE WORK

From these interviews, the overall objective was to provide background information on
which environment was potentially more suitable for learning to programfisak¢ for novice
programmers. It was the intent that this information would provide the groundwvdHe study
or studies that needed to be done concerning this question; much of this future work would be
done as part of dissertation research. As an immediate future work, questi®mnkibe
generated for similar courses offered in the Fall. In addition, the secone cbtng new
sequence, CS 250, will be offered for the first time where the students enrolesldaurse will
be studied.

Another future work is creating a hands-on study where students will be askeckta writ
program using either of the two environments. A key variable for this work wolddee of
Use which could be measured through components su¢heasasiness of writing the
assignment in the environment, time to complete the assignment, was the right output produced,
andhow easy was it to detect and correct errors along with compiling and executing the
program This kind of study could potentially provide stronger evidence about the suitability of
either environment.

Another idea is to study whether the functionality as well as the visual appeasf an
IDE robs the programmer from developing the necessary skills for programnsistatad
earlier in this study, most of the students in the original sequence picked tliiliEd&soft

Visual Studio or Eclipse) as their favorite environment. However, the resutisiofransition
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from an IDE to the command line showed that the attributes they saw aslthffere things that
typical command line programmers are comfortable at using.

As stated in Chapter 6, most of the students in the sample and population of CS 325 and
357 were Caucasian males. This raised a question of whether there werigyethnell as
gender related differences in learning to program, which is another potatiral Wwork. If there
are actual differences, are these differences the reason for the the&reity in upper level
Computer Science courses?

Another future work is to perform more interviews and surveys with a different sainpl
students to see if there are actually some significant differencegydhegroups based on the
criteria used for this study. In addition, another alternative work is to involve shadent
mentors who help students in lower level courses that use these environments. \Wailabn t
these mentors could take notes based on a set of criteria that would be used to obtain the

necessary data needed to explore which environment is more suitable.
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8. CONCLUSION

The intent of this research was to set the background for further studies ininietgrm
which environment is more appropriate for a novice programmer to use when learning t
program, whether it is an Integrated Development Environment or a command lirenerent.
The results from these interviews/surveys, however, did not indicate anythimgptiidtprove
one environment is more suitable than the other. Instead, this research hagdepesttons
when studying these environments such as: are these environments equélly feuiteovice
programmers, is an IDE’s functionality a detriment to a programmer leamprggram, and are
there differences in how a student learns to program based on ethnicity andén. de
addition, there are future studies that can be done to strengthen or weaken thioueslits
this research such as: an empirical hands-on study that allows for studentsitoeaxpeith
both environments, or change/increase the student sample and perform this stuayssgaih t
there are actual differences that would make one environment potentially mabdestinan the
other. A main contribution that is made from this study is that IDEs mayobe attractive and
appealing to users due to their user-friendly background but what is “atttalise not
necessarily mean that it is “better” or “more suitable” for novice progrars who are in the
process of learning to program. An environment may be more engaging aestingeto
students, but that may or may not translate into better programming abilit®&ms of writing,
debugging and using code, and it may not imply the kind of deeper understanding that should

lead to better performance in more advanced courses and assignments.
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APPENDIX A. CS 325 AND 357 INTERVIEW QUESTIONS
This appendix includes the questions that were asked of the students who werdttadiry e

both CS 325 and 357. These interviews were done during the final week of the Spring 2009

semester.
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CS 325 and 357 students

Demographic questions: Gender, age, major, current CS class, ethnic background ...

. When you started out in CS 114, you used Microsoft Visual Studio and the C++
language.

a. Was that your first programming experience? If not, what was yourditgihge
and environment?

. What was your initial response to the programming environment you had in CS 114?
. What was the easiest thing about your programming environment in CS 1147
. What was the hardest thing about your programming environment in CS 1147
How comfortable are you now with this programming environment?
How long did it take to get comfortable using this environment?
If you started out with Visual Studio in CS 114, how did moving from Visual Studio to a
command line environment in CS 325 and 357 change the way you think about
programming?
a. What were some of the easiest things about the transition?

b. What were some of the hardest things about the transition?

For students who have learned more than one programming environment and/or language,
these additional questions are planned. (Students who have completed the CS introductory
sequence will have learned more than one programming language, thus klgey thiése
guestions.)

9. Which is your favorite programming environment?

a. Why? What factors led you to this?

10. Which environment do you feel is more efficient for programming?
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11. Which programming environment makes it easier to debug code?

12. Did the particular programming languages have an effect on your decidians? (
example, is Python easier to learn than C++ or vice versa?)

13. If you had learned C++ in a Linux environment, or Python in a Visual Studio type of
environment, how do you think that would have changed your learning experience?

a. How do you think that would change your understanding of the language?

b. How do you think that would change your understanding of the programming
process?

c. Would you go back and change it if you could? What would you change?

14. On a scale of 1 — 10 (1 being extremely poor, 10 being extremely well), how veould y
rate your overall programming skills in:

a C++?
b. Java?

c. Any other language learned?
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APPENDIX B. CS 150 SURVEY QUESTIONS
This appendix includes the questions that were asked of the students who were t&lé@g CS

after a focus group discussion that took place during the final week of ting P9 semester.
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Questionsfor CS 150 students

Demographic questions: Gender, age, major, current CS class, ethnic background ...

When you started out in CS 150, you used the Linux environment and the Python language.

a. Was that your first programming experience? If not, what was your ingtége and

environment?

What was your initial response to the programming environment you had in CS 150?

What was the easiest thing about your programming environment in CS 1507?

What was the hardest thing about your programming environment in CS 1507?

How comfortable are you now with this programming environment?

How long did it take to get comfortable using this environment?

On a scale of 1 — 10 (1 being extremely poor, 10 being extremely well), howyeouldte
your overall programming skills in:

a. Python?

b. Any other language learned?
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