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ABSTRACT 
ust of @en SOwm ScpUare (0s) has grown rapidy within 

fkpst d e d  Despite the inceased importance of OSS in the 
b@mtion Tcchnolog~ / Computer Science (IT/Cs)fi&, the OSS 

not been q@wient& aaiahmed in the R/CT education. At thb 
w, the lEXS micultan still employs mainly proprfettcuy 
Soqlme Ehgtmering (SE) methodologies. lM discreepancy fbr 
aff ski113 acquisition mates a krowlcdge gap in our lT//CS 
graduates. The gap will reduce our R/%S gradimtes cwrtvnl and , 

empltpbili@ gthey do not acquire the necessary skilk lo 
b i o p  and implement 0.S To anticipate this challenge, the 
authors pro pa^ a fiamewwk to combhe the advantages and 
mlnhize the negative aspects of both 055 and SS environments. 
The main components of orrrptvposedfiatnework includes prvper 
bbvduction lo basic 0.S skills, formation of diverse skilk 
groups, syshn development using madulurity princ$les. cznd 
using the SE methodologv for monitoring. 

Kgwords 
Open Source Sofiwarq So- Engineering, education 
fhmmk, Canpata Science, Information Tachoology 

1. INTRODUCTION 
OSS is a growing trend in the world of ITtCS. While the 
academics view OSS as a trivial movement in the early 1990% it 
hat become a major attanative sottware development 
-logy to the existing proprietaryIcommercial Softwan 
Engineering methodology. The OSS movement was first initiated 
by Eric Stmn Raymond in hi paper "Cathedral and Bazaar" 
with his 19 kssons [I] and by Richard Stallman in hi paper 
"Why Softwarn Should be Free" 121. Slowly, the seemingly 
WC and "bmar-like" movement in softwara development 

greata a t t e n k  S e v d  examples of the first high quality 
4qhithu from this movement are the Apache Web Saver, 
L k  Opaating System, F i b x  Web Browser, OpenOftice 
Fducdvity suite, and many more. 

Unfintmkly, the OSS acceptance in the higher education's IT/CS 
Rlrriculum is not flourishing at the same pace with the growing 
Popularity of OSS. The ITlCS curriculum, such as one 
Wrnmenddoq by the ACM (Association of Computing 
Madrincryp), still focuses on the modern SE methodology. This 
SE methodology is mostly applicable only to the development of 
kr.housc I proprietary.sofhwue. The fird that the OSS nceives 
&ing acceptance in the sofhwe development field is not 
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adequately acknowledged in the formal ITICS cutricuhun, As a 
ndt ,  this cnates a knowledge gap m the ITICS gmhtes. I f  the 
nmiculum does not attempt to catch up with the development of 
OSS, this gap will be much wider. In order to close this gap, wc 
believe a 6unework that c o m b i i  the best concepts from both 
the OSS md SE mdhoBologies should provide an ideal 
framework ibr lTlCS education. 

2. OSS VERSUS SE ENVIRONMENTS 
Both OSS and SE methodologies are not perfect. Instead, both 
have their own advantages and ne'gative aspects. The following 
sub-sections introdua the advantages and negative aspects of 
both methodologies. 

2.1 Open Source Software (OSS) 
OSS is an alternative software development methodology based 
on several W n c t  chtaacteristks: 

The somce coda of the application is fieely available fm 
everybody to download, improve and modifL [I]. Them ere 
no restrictions hr anyow to download and examine the 
source code. Howmr, expected contriiutions from the 
developas me arpedbd for the improvement and 
madification of the source codes. 
Peopla who c o n t r i i .  to the development of the OSS 
projed usually belong to a group known as an Open Source 
Community. The membership of this community is voluntary 
in nature. The main media of commununlcation among these 
developers is the Internet, although other media might be 
used. 
The development process of the OSS projects is mostly ad 
hoc and is lacking the formal methodologies normally found 
in the modern SE methodology. The main activities of OSS 
projects are to built features and to fix bugs. 

Throughout the development of OSS, 6 developers and 
communitia depend on a number of wllaboration tools. CVS 
(Cmcurrenl VaJion Systan) is used as the repository and version 
wntrol of the source codes. Bug detection database s o h e  such 
as Bugzilla or TRAC is employed to keep track of all the bugs 
during development. All the proposed hctionalities and 
suggested lsnprovements are kept in a TODO List I Wish List. 
The documentation of the softwara is maintained in a Wiki 
environment. The communication among the developers and the 
communith are d m  electronbilly via websites, forum, mailing 
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list, e& The distribution and modificath of the so- are 
amlroIIed by specific licensing scheme sucb as GPL, LGF'L, ctc 
[4]. ChWiy thae arc many portals available to host ad to 
assist OSS developas initiadIng and managine their projects. 
~ s e m p l e . % o f t t w w ~ e p o p u l a r ~ a r e S o d o r g e  

CSoogle Code, Freshmeat, etc. 

OSS provides numQOus benefits tbat are m t  hund in the d m  
Soffwere Engineering methodology. This beaefits show the true 
maits of the system [a. The modularity and option values ate the 
two main points that mmiite to the success of OSS [a[a The 
moduhrity of the a rehb tm  will loww the barrier of newly 
involved developers to participate the project [a. The opdon 
value will allow developers to innovate without impwthg the 
catire project [4. 

OSS methodology also has some dhubiing negative aspects. 
While the main activities of the OSS methodology are to build 
new features and to fm bugs, them are few formal being 
amducted. The main decision that determines the faith of an OSS 
development project is usually in the hand of a small number of 
am developem using "benevolent dictator principle [q. 
Moreover, the commonly found management processes in modem 
Software Engineering methodologies are missing such as the 
raqairement managemmt, pmject mmgment, mctrics 
-on, scheduling, and test suite design [7]. The other @or 
negative aspect is the lack of doatmencations because 
documenting is not considered important by most OSS 
*m. 

2.2 Software Engineering 
lEEE (Institute of Electrical and Electronics Engineers) dafines 
SE methodology as the application of a systematic, disciplined, 
quantifiable approach to the development, opaation and 
maintenance of s o f b  [8]. SE methodology consists of several 
phases of development that are performed in a slngle nm or 
iarative manuer: 

Requirement Management: collacting, and 
managing requirements of the software being 
M o p a d  
Software Analysis, Modeling and Design: conducting 
technical analysis - of the soffware, continued by 
modeling and designing a software based on the 
identified requirements. 
S o b  Codin& developing the source d e s  based on 
the desiga TL software may be developed in a 
procedural or object-oriented fashion. 
S o b  Testing and Acceptance: ddining pmedms, 
pcrfiorming test and setting acceptance criteria f a  the 
software. 

T b  phases are pafonned in a series of steps such as waterfall 
metbod, spiral model, etc. In a more advanced S o h a r e  
Engineerin& mom anticipations on the changing mquirementr and 
arvironments are introduced such as with Extreme Proaammine 

SE methodology provides many advantages during the software 
development phases. Thae  are a number of studies and ikmies 
developed based on this methodology such m project estimrtion 
(COCOMO, firnction points, etc.), soffware metrics, cost 
'estimation. Many techniques pertinent to the project execution, 
project mtrol, task delegation, and task assignment are develop 

based on modern SE principles. One of the main 
this methodology is the documentation processes. Th 
documentation processes are thorough and precise to follow 
International standards. 

Unfortunately, SE methodology also h a  some negative as IXJ i 
The SE assume thatalmost everything be predi 
and anticipated beforehand. Sof ia re  engineering subject 1 
different in comparison to many other subjects of en 
(such as mechanical, electrical, etc.). Its rapid and 
advancements in the ITICS discipline make it difficult to 
same and stable environment. Thus, the continuously ch 
requirements will always affect the scope of the project 
Standish Group's Chaos report[9] shows that amon 
software projects, only a small number of projects is 
within the original planned budget, time, and scope. 
percentage is partially successful or failed. The 
assumptions in SE that everything is predictable and 
anticipated are hard to be fulfilled. 

2.3 Observations 
Teaching the software development wncepts is a very ch 
task for many ITICS instructors because students often 
materials in the software development course as 
materials with no practical values [lo]. At the same 
in\ olve students in a real software development experience us 
the proprietary SE methodology will require many aspects 
collaborations with the clients who might not want to risk 
projects by involving inexperienced students. The OSS opens 
the opportunity for students to be in a real and practi 
environment to learn the software development concepts. 

It is also important to recall that teaching solely based on St 
methodology without considering the growing trend of OSS ma] 
create knowledge gaps in IT/CS students. Therefore, as an ad& 
value, the OSS methodology is suitable to give students tk 
experience in a knowledge sharing environment while at the s a q  
time it will increase their coding skills in a much fluid and flexit4 
environment. When students begin their early involvement in tk 
Open Source Community, the added benefit will be the potent3 
acknowledgment of their existence among other existing ad 
future developers. I 
Learning solely based on an OSS methodology will not be the beJ 
way either. Numerous studies show that in the softwan 
development courses using OSS projects, students may faa 
frustrations due to its ever changing environment [ l l ]  and thq 
face a steep initial learning curve (101 to learn the OS! 
programming skills. Many students also struggle to acquire tb 
basic understanding of OSS in the beginning of their 09 
experience [12]. From another perspective, the instructor wb 
teaches software development methodologies using the OSS d 
face a higher challenge in their preparation [lo]. Not only that tb 
instructor must familiarize him/herself with the codes, but heJsb 
also must keep up with the most recent development in 09 
movements. Instructor must also prepare the group projed 
carefully to avoid project failure. This involves instructor-Id 
project group formations. In a course that utilizes OSS project fa : 
students' learning, self-formed groups of students are those wb 
fail to deliver the course project assignment. This was due to tb 
lack of diverse skills in the team [13]. Therefore, prior to us* 
OSS for teaching software development wncepts, instructor's rob 
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in the prepdon of an OSS project will be more complex and 
dIaMgSn& 

~ ~ & d a i n g  the beaoMs and the negative aspects of both OSS and 
+ SE methodologh, it is possible to aeate a middle ground 

combines the bareMs of both approolches while minimizing 
&jr negative aqxct~. While maiataining the course main 

of the SE principles, OSS provides students with a 
lakwatory" and "world-wide staff" 1141 due to the 

of open born any developas all around the 
,,wld.WbiicworldogonanOSspjeaA,studentsalsou?ntriiute 
their work to the Wanetioaat community, while thet pmjects 
~1 nmskr available for futute improvement [14]. By involving 
stndmts in a h g e s d e  collabodve software development 
project whem shdmts are encouraged and demanded to study 
iadependently end collaboratively, OSS projects will improve 
s&I&' self-sludyhg capability, information searching 
qxdili, and team work skills [13]. 

Evidence on the effectiveness of such OSS projects for university 
&ts hes been investigated in a number of studies. For 
h e ,  in a amtrolkd expaimemtal study by Park and Jensen 
[12& dre nsearchas investigate the effectiveness of the 
visualization tools to kacb programming concepts using an opm 
source p j e d  The v i s u a l i i  tools help to provide a more 
&dent and effective way to undcrsEand the OSS codes by 
shortening their learn* curve 1121 in acquiring OSS basic 
pmgremming skills. In another study, Pedroni, et al. [15] conduct 
an experhent what stdents receive an open source project 
assignment in progammhg. While students are struggling at first 
with the fear of feilhg the assignment, the OSS project is fruii l .  
At thc end of the project, students an satisfied for the 
achievement wd feel accomplished [IS]. 

3. A PROPOSED FRAMEWORK FOR ITICS 
EDUCATION 
A combination of both the mature SE methodology for 
proprietary1 commacial software development and OSS 
methodology should provide the ideal education environment for 
IT I CS students. The powa of the community in the OSS 
-logy should be c o n ~ b i i  with the power of planning, 
~ontrol and documentation fiom the SE methodology. A proposed 
h m w k  to combine the advantages and to avoid negative 
aspects of both methodologkj is presented below. 

3.1 Preparation 
h or& to achieve the intended purpose the IT/CS education 
based on the c o m b i i n  of OSS and SE. there is a need to 
htmfiiarize the ITICS students to both environments prior to its 
hpltmcntation. Several examples of the preparations are: 

sptcif1c prepawion to acquire the 0s basic 
programming skills of the standard sohare coding 
ptsdice prior to the OSS projects assignment (to avoid 
spending too much times on teaching the basic d i g  
skills). 
Propa introduction to the world of OSS and its 
communities. This approach will allow the teams of 
student developers to learn the best coding practices 
from existing OSS projects. 

proper introduction to the modem SE melhodology. 
The f w  of the intmducth should be to the 
reqdrement mumagemeat methodology, solbare 
analysis and design, and sohware testing tcclmiques 

3.2 Community Building in IT I CS Education 
It b importmt to prepare the group famath of the IT/CS 
studenbfortheOSSprojedc8ndidlyt0eosuseIts~uccess.Thc 
shdentsshouldbefbnncdinSogroupswithdiverseJLEUsof~c 
pmgmmhg for developing OSS and the thudation of SE 
~~thodolosy skills. Escb group will bc formed as community- 
hke clustea as & o h  in F i i  1, which consist of an 
~ o r a n d o a e w m m d e v e l o p e m .  ThcIosbvdarshould 
assign a singe module of the software system to be developed by 
t h a g r o u ~ a n d t h e y ~ u k l b o s u p e w i s e d b y a n ~ w Z I o  
monitor and ensure knowledge sharing auivities which are 
common in typical OSS commmitk. The group should 
communicats intensively witbin the group and among o k  
mum in wder to build the system. The result of the discussions - .  
and exchange of hhrmati& should be documented properly 
using the Requirement Management steps of the SE methodology. 

-. 
- - - - A  

Figure 1. Structure of Single OSS Community Cluster 

E v e n t h o u g h t h e R ~ e s l t M a o a g e n m t s t e p b b e i i u s e d t o  
recordthe~itJhouldbenotedthatthasystemnquiremeats 
will continuously char~ge. The system being developed by the 
community-like dusks will continuously evolve fb~owing the 
dynamics of the g~oup itself or the changing software systems. 
The requirements should be continuously modifid and revised to 
k a p  up with the evolution. The aristemx of Open Source 
documentation tool such as Wiki enables the immediate 
modification of the documtation to be publkkd The other 
developas then will be able to obsave and follow any 
modifications. 

3 3  System Development in IT I CS Education 
Modularity has been identified as the key success factor of OSS. 
The moduhrity will ensun the system to evolve continuously in 
an evoluhary manner. Thus, the software systern being 
developed rhould be arranged to be as modular as possible. The 
modularity of a sofhvare systan is based on several fadon 1161: 

Small modules: the size of each module should be as small as 
possibie during in its development. 
Large number of modules: each module performs a single 
simple task. 'I'he larger the number of module, the more 
tasks and f e a W  are ammodated in the system. 
High aomplexity: the architectural complexity should be high 
to ensure the integrity of the system and the abifty to 
acconpdate new features to be added in the fUkrre by the 
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group. 

module should be high to ensure high quality of the so 
sysbem. 

the modularity of the system. 
(module is being called by many other modules), the hi 

Low Wa-out: another coupling parameter. 'I~Ic lower the 
out (module is caUing another module), the higher 
modnlerity of the system. 

By following the modularity principle, the software system wil 
codst of many d e s  communicating with tach other. 
module should consist of several classes. The fillowing 
s h  the s+ructurc of a single module written in an obj 
oriented programming language such as Java 

Figure 2. Typical Structure a Single Module I 
I 

While developing modules of the software system with11 
collaboration tools of OSS, the power of analysis and modeling* 
uisted in Softwan ERgheeaing can be utilized to measure theel 
parametem of the modules. M m v q  the modem testing 
techniques of Software Engineering methodology such as black 
box testing and white box testing should be used to cover the lack 
of proper testing techniques in the OSS methodology. 

3.4 System and Group Co-Evolution 
Ow of the OSS main characteristics that dois not exist in a 
modan SE methodology is the co-evolution of the community 
and the sytem soffware. 'This should be adapted in the ITICS 
educrdion. A system so- initially created as a single mod& 
as shown in Figure 2 with a clustm of developers as shown in 
F i  1. A module may evolve horizontally in which the number 
of classes are increasing which cmespond to the itKmasi 
capability of the module. More importantly, a module may evolve 
vatically in which a single class is evolving into a module as 
illustrated in Figure 3 [lq. 

'I-.. 

Figure 3. Vertical Expansion of Module 

As shown in Figure 3, the formerly Class 1 evolves Into Module B 
that has Class 1.1 and Class 12 as its members (shown In grey a 
shade boxes in above @re). The system has evolved into a two- 
module mioftware system. Module B is then has its own cluster of 
developers similar to Figure 1. Jm 

!d 
As the system is continwusly evolving, the system becomes A 
largw and more complex archbcmdy wilh many f e a t u ~ ~  being 
added over time. Thc struchm of the community clusters is 
growing, corresponding to the incatased n u m h  of modules. The 
following Figure 4 is an example of hypothetical communhy [I] 
structure showing many clusters. 

Chitb0r.d n 

4. CONCLUSION 
OSS is a new mainstream in software development methodology. 1 
Even though this methodology is gainiig an acceptance h m  the 
sofhvarc developers community, the integration of the OSS 
methodology into the IT/CS curriculum is still lacking. Most f j 
stdents in ITICS are still taught with the modem Software 
Engineering methodology. This condition will certainly cseate a 
knowledge gap in the ITICS graduates. Both OSS and Software 
Engineering methodologies have their own benefits and negative . 
aspe~s. However, when they are combined into a single : 
integrated framework, it can accede an ideal education 
environnient for ITICS students. This &mework will focus on > 
combi ig  the -ts of both methodologies and eliminating 
tfieu negative aspects. The adaptive nalure of OSS combid  with 
the guided Software Engineering methodology will provide the 
best combination for ITICS education. 

The proposed framework to combii the two softwm 
development methodologies is described. The main procases of 
the b e w o r k  are: 

Introd~tcing the EICS students about OSS and SE 
methodologies, accompanied with the necessary basic 
programming skills. 
Forming groups of students with diverse skills in both OSS 
and SE into community-lie clusters similar to OSS 
Communitv structure. 
Building the system in evolutionary manner using the 
modularity principles. The system and the community will 
co-evolve. 


