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ABSTRACT

Collaboration has become increasingly widespreathénsoftware industry as systems have become laggrmore

complex, adding human complexity to the technolaigitomplexity already involved in developing softe/aystems. To
deal with this complexity, human-centric softwamselopment methods, such as Extreme Programmingthed agile

methods, have been developed and implemented. ginginprepare future software developers for todag&ware

industry, this paper presents a framework for dmyely collaborative learning tools and activitiesd examples that
were developed for the course "Human Aspects otw@&oé Engineering” in order to assist students earding

collaborative software development. The learnimapsses and knowledge construction undergone tstadents in the
study were examined empirically, both in general anth respect to collaboration in particular. Résuhdicate that,
based on their individual and group in-class exgerés and reflections, students developed skitlscamstructed both
practical and theoretical knowledge relating tocessful collaborative software development.

Keywords: Software Engineering, Software Development, SaferEngineering Education, Collaboration, Collabeea
Learning.

1. INRODUCTION and has already been considered as an everydayfpart
professional software development (DeMarco andeList

The course "Human Aspects of Software Engineeringl999; Humphrey, 2000; Izquierdo et al., 2007; Shearg
(Tomayko and Hazzan, 2004), offered to seniorshat t Robinson, 2007; Venolia et al., 2005). Multi-pag&nt
Management Information Systems (MIS) departmetti@t collaboration adds to the already high technoldgica
University of Haifa, opened with the question: Wiaaé complexity as well as to the many challenges rdldte
the human aspects of software engineering? Studeritsiman aspects created or affected by such collabora
initial responses surrounded one central issufoday, many software development teams demonstrate
collaboration. These responses included themes aach collaborative work by using special tools and mdto
teamwork and cooperation, mutual trust, the chgeof such as Extreme Programming (Cf. Beck, 2000) and othe
integrating contributions from different people, Itiple  agile software development methods (Cockburn, 2001;
perspectives of a single project, work allocati@iween Highsmith, 2002),as well as internet-based multi-site
team members, and so on. While collaboration iglfiis  cooperation tools that support remote (sometimesnev
an important part of the human aspects involved imternational) collaborative software developmeterting
software engineering (SE), other issues are alpoitant, and Rees, 2001).
such as motivation, cognitive processes, work d&pee These changes in industry call for an adaptation of
and professional skills. These issues were raisethd learning tools and environments in order to prefanere
students only at a later stage of the discussind,anly generations of software engineers. Thus, our rekear
after the instructor dropped them some hints. Thdents' objective is to find ways, based on existing themrand
responses suggest that collaboration is perceived a principles of effective collaborative learning, f@aching
central and very challenging issue in softwareollaborative software development. The research

development processes. questions derived from this objective are:
This perception is quite closely tied to realityhMg 1. What are the characteristics of effective callative
the SE industry deals with the ever-increasing derity learning?

of its products, collaboration among different peop 2. How can the characteristics identified in (1) be
participating in the same development project Eeeial supported by teaching tools/activities in the cRn&E?



3. How do students exhibit collaboration when la@agn
collaborative software development?

analyzing, manipulating, and structuring informatio
Cooperation and teamworlead to social processes that

4. What are the learning processes and knowledgeccur more effectively through interpersonal intéicns

construction taking place?

in a cooperative (versus competitive) context. Emables

One approach that seems appropriate here, and whigam members to monitor individual thinking, to yide

has attracted much attention in the literature,
collaborative learning Collaborative learning is usually
aimed at constructing students' knowledge on angiopic
of interest. Not much attention, however, has begd to
actually learninghowto collaborate(Burton et al., 1997).
It is our view that collaboration itself should @lde
taught, and particularly in the context of SE. Muver, we
believe that the most effective way to prepare esttsl for
collaborative work in the software industry is tepese
them, in class, to an active collaborative workezignce,
followed by a reflection process and analysis afedge
construction. Specifically, the guideline we follesvwas
to use collaborative learning for the
collaborative software development

learning of

ifeedback for clarification and change in percept{oa.

learning), and to be exposed to alternative paifitgiew.
Learning via problem solving supported by the view that
learning is a process of building and transforminental
models. In problem-solving situations, mental medsmie
tested, extended, and refined until they are effecand
reliable in solving the said problem (Alavi, 1994).

According to Shuell (1986), learning strategiest tha
encompass these three attributes of effective ilgutmave
been promoted more than traditional strategiesitivalve
passive (versus active), competitive (versus caupe),
and individualistic (versus group-oriented) leamin

An additional attribute that is acknowledged asyver
effective in learning processes Reflection(see Schon,

In order to answer our research questions accotding 1983, 1987) for a general discussion about refiactis a

the above guideline, we conducted our researchwin t professional practice and Hazzan (2002) for a dision
phases. The first phase included building a themlet on reflection in SE processes). The reflectionjedabve is
framework comprised of existing and emerging theori to consciously analyze different elements and dspbat

and principles of effective collaborative learninghis
framework was later used for the development
respective activities and a tool so that studemsldc
actively practice collaboration in software devetemt
processes. In the second phase, we explored antfietd
learning processes and knowledge construction tdwkt
place with respect to collaborative software depeient
when facilitating these activities and using thal.tdo this
end, we conducted a qualitative empirical studyinithe
course
(Tomayko and Hazzan, 2004) offered to seniorsaiMis
department at the University of Haifa.

The remainder of this paper is organized as followss

Section 2 reviews the collaborative learning pphes and
experience, on which we based the theoretical fwaorie
for developing collaborative learning tools andiaties.
Section 3 presents the research methodology amidgset
and, in particular, the course in which the redeamas
conducted. In Section 4 we present several illtisgra
collaborative learning activities and a collabaratiool as
well as examples of observations obtained durirgrth
application. Section 5 discusses the suggestedeframnk

in light of both theory and practice. We conclude i.

Section 6.
2. THEORETICAL FRAMEWORK

Roschelle and Teasley (1995) deftwlaborationas "the
mutual engagement of participants in a coordinaféott

to solve a problem together" or as a "coordinated,

synchronous activity that is the result of a comtich
attempt to construct and maintain a shared cormepfi a
problem”. While the first definition is more prase
oriented, the second one focuses on its artifact.

The collaborative learning approach implements the
principles of collaboration for the purpose of effee
learning. According to Alavi (1994), three attribst of
effective learning processes can be identified fie t
literature in the area of cognitive learning theo(%)

Active learning and construction of knowledge; (2)

Cooperation and teamwork in learning; and (3) Leayni
via problem solving.

in the construction of knowledge by acquiring, getieg,

"Human Aspects of Software Engineeringe

took place during the learning activity. The madater of

ofhe reflection process in our context is to raisedtudents’

awareness to the other three characteristics sdoas
enhance the learning processes involved. We apydy t
forth attribute as part of the collaborative leami
framework we suggest.

Nunamaker et al. (1991) describe the gains an@ésoss
of collaborative learning, as follows:

Group Process Gains:

A group as a whole generates more information and

alternatives compared with a single average group

member;

Groups are more effective and objective when

performing evaluation and error detection tasks;

e Working in a group can motivate the individual
member to perform better;

e Interactions among group members lead to synergy.

Group Process Losses:

e Participation of members in the group process is

fragmented (i.e., group members should take turns

speaking);

One or a few individual members might dominate

group discussions and monopolize the group's time;

e Fear of negative evaluation (evaluation apprehefsio

can cause members to withdraw and avoid

participating in group discussions;

Higher volumes of information generated during the

group process create information overload for

individual members.

Upon examination of these gains and losses, Alavi

(1994) found that the effectiveness of collabomativ

learning can be further enhanced by applying coerput

and communication-based capabilities in the form of

group-decision support systems.

Trying to benefit from such systems, Brush et al.
(2002) found that while online discussions hold agre
potential for extending in-class discussions beyadine
classroom door, integrating these two discussigegyis
challenging, since they were found to compete wiich
other. Rather than serving as a starting point eclass
discussions, participants in the online discussgsamed
uninterested in addressing the same issues agailasa.

SI'hus, we believe that a better approach for integga



these two types of discussions is by starting theudsion
in class, and leaving some questions unanswerebge to
dealt with during the online discussion. This piphe is
applied to all of the activities we designed (adl we Active learning Cooperation
further elaborated in Section 4).

Guzdial et al. (2001) found that engineering andhma
students are less willing to collaborate than tipeiers in
other fields, sometimes actively avoiding collaltiom,
despite the friendly tools and mandatory coursg
assignments they receive. Guzdial et al. presetitezk
explanations for what they called "active resiséario Collaboration Tool
collaboration™:
(1) Competition and single-answer assignmenty. . .
Engineering and mathematics students tend to sae th Learning Environment
homework assignments as having only one correstems
(even when that is not the case). Hence, they ate n

Problem solving Reflection

willing to collaborate, believing this will causéem to Figure 1: A Framework for Effective
loose their relative advantage. In contrast, cl#sevhich Collaborative Learning
collaboration is most successful (e.g., English

composition, architecture, object-oriented desigare 3. METHODOLOGY AND SETTING

classes with a heavy emphasis on design, in wiiehet
are many plausible correct answers to a given task.

(2) The challenge of seeking helgtudents who are
confused or have little confidence in their solotiefuse

to collaborate, wishing to conceal their errorsmiavoid

admitting their confusion. The paradox here is tihase is applied. The teaching method, including the

students are those who need help the most. ThiIEY ., 3horative learing activities and tools, wasigeed

is heightened in cases in which a competitive clasg,y ysed within the advanced elective course "Human
atmosphere is observed.

| itud d dels of collaboratidh Aspects of Software Engineering" offered to senairthe
.(3) Faculty attitudes and models or cofla ora.tld * MIS department at the University of Haifa and taulgi
instructors do not support collaboration, they riglot

convey to their students what collaboration is almsthow the first and second authors of this paper.
and why they should practice it. In cases in Whic%_:L The Course

collaboration is seen to succeed, classes are iaeghn The
around discussions; in classes in which no disonser
collaboration takes place, students, and sometieves
faculty, simply do not know how to collaborate.

Our goal was to develop a teaching method for
collaborative software development, based on the
theoretical framework presented, and explore thenlag
processes and knowledge construction taking pldnemit

"Human Aspects of Software Engineering" is Hase
on a course originally developed by Tomayko andzdaz
(2004, 2005). Appendix A presents the course aaitlin

The objective of the original course (Tomayko and

The conclusion from the above-presented studies j$,,,an 2004) was to discuss different human — itiogn
that collaboration should be used in the correated in - o <ocial — aspects of SE such as program

order for it to succeed. Namely, it should be intéed . n0rehension, development methods, processes and

with in-class learning rather than compete with ity oqcts teamwork, ethics, abstraction, and mibralso

assignments shou_ld be designed to complemgn_t Hicluded specific activities in which human aspeidts an
collaborative learning method, for which many opirg

in ol d th b h I important role. The original course was used aktioom
are in place and there can be more than only oMo 5 the "Hyman Aspects of Software Engineering"reeu
answer. Finally, an open, non-competitive

clasg ;
" aught here, but several adjustments were made.
atmosphere and collaborative work should be engeafa Since we wished to find ways to teach collaborative

by”thk()a |nsFructorsdw(;10 should usehln-class dlsaugsand software development, two main objectives guided us
collaborations and demonstrate the process an®@wes \pen e taught this course: a) Teach students to

of collaborative Ie_arning. . collaborate and b) Teach students human aspects of
The theoretical framework we suggest (Figure 1)

. ftware engineering, focusing on collaboratiomed
encompasses our view of the overall components ari‘sgsues. For these aims, we used simulations of
attributes for achieving effective collaborativear®ing.  co|japorative software development assignments hichy
The basic component is the collaborative activilye( gy,qents actively practiced collaboration  followdsy
inner frame) which is based on the 4 attributes@med oections in which students analyzed differenesss of

?bor\]/e for ﬁffEC.tIVG I(re]arnlnfg?. Moreover, tfhe pltllrEGDEfe. their own experience, and ended with group disoassof
urther enhancing the effectiveness of collabogativ . assignments' meanings and implications.

learning, namely increase gains and reduce logs#1so
approach, can be met by applying computer ang, 14 Participants

communication-based ~capabiliies.  For this aim, &pe participants of the course were ten MIS stuslenthe
pollaboratlon tool of this type is reqluwed as PRIV |55t semester of their studies who had alreadyiesiuahd
infrastructure. Lastly, a proper learning envirommevith b ticed all life cycle activities of software adopment,

an atmospherg encouraging collaboration, should mely requirements analysis, design, implementatid
created and maintained. testing. Further elaboration of their background is

presented below.



In parallel to this course, all students took tiedrly = categories emerging from the analysis referregaoning-
Project" seminar. This was very useful, since sofnthe related phenomena. These categories are presentad i
discussions and students' tasks were based on theéxt section (Table 1), and a demonstration ofatedysis
experience in the project. Note that it would alse process is can be found in Appendix B.
possible to apply the suggested teaching methoavétls In the results section we describe the activitied a
as conducting this study) if this was not the cad@s, the tool we designed and their expected benefgsdan
however, would only require more time for thethe collaborative learning literature. In additiome
accomplishment of students' assignments. present examples from our observations that toalcepl

In the beginning of the semester, the participamie  when applying each of these activities. Note thés not
required to fill in a questionnaire we designedider to our intention to prove that this teaching methoadke to
evaluate their background. This questionnaire ohetlh better performance relative to some other teacimiathod;
three types of questions: facts-related questicios ( rather, our purpose is to identify and describeléaening
example, regarding their educational background ammrocesses that took place when using this teachetgod.
aggregated experience); knowledge related questfons
example, definitions of the different developmehages); 4. ACTIVITIES AND LEARNING PROCESSES
and questions regarding their attitudes towardsebied
issues (such as human aspects and their impacftwvaee  In what follows, we present one collaborative tandl four
development). From this questionnaire we learnad th activities designed to support the learning ofatmilrative
e All students learned the following courses or theiisoftware development. Note that these activities t@ol

equivalents (we refer here only to courses relef@nt are brought as examples for how to use the sugbeste

our study): Introduction to Computer Science, Desigiiramework for collaborative learning.

and Implementation of MIS, Object Oriented Table 1 summarizes the four activities and illussa

Programming, and IS Analysis. their collaborative aspect in the context of huraapects
e Al students developed software systems in tearhs (®f SE as perceived by the students in the course. T
2 students or more) during their studies. collaborative aspect of these activities is vast;tie sake

e While several students worked in industry, nonéf brevity, however, for each activity we presentyotwo
reported programming experience gained outside tr@)servatlons that relate to collaborative Iearnlﬂ'gle

university studies. phenomena stated in Table 1 are descriptions efoses

e All students demonstrated fair knowledge with reigar that emerged from the text analysis. A demonstiatb
to basic SE concepts. the analysis processes conducted in this studyl¢dato

e With regard to issues of human aspects, the staderfi€se findings can be found in Appendix B.
referred repeatedly to issues related to collatmrat In all the activities described in Table 1, the rfou

such as the helpfulness or interference of othemte attributes of collaborative activity were reflecteas
members, task allocation, disputes, synchronizatiorﬁo”ows'_ . , . . .
etc. This demonstrates once again the attitude we Active learning students experience in the activity
observed in the class discussion (described in tHgd them to construct perceptions as to what factoay
introduction) that collaboration is perceived by th '€ad to, or interfere with, the success of copirith whe
students as central and very challenging in sotwalt@SK at hand, thus constructing knowledge andsskalt

development processes. coping with similar tasks in the futur€ooperation two
aspects of cooperation took place here. Firstadlivities
3.3 The Empirical Study dealt with issues related to cooperation; and, recthe

Since our aim was to explore and understand phemameStudents were required to handle their tasks iperaion
related to the proposed teaching method, we coaduan with their team member®roblem Solvingln all activities

empirical study, applying qualitative research roeh the. students were required to present a solutiora to
(Bassey, 1999 Bogdan and Biklen, 1992). defined problemReflection The students reflected on the

Data was gathered using the following tools: task they executed and their decision-making pe&ss

e Online forum where students' reflections ano|nd|V|duaIIy and within the teams, using the onlfoeum.
discussions were documented (65 students' In parallel to_the activ_ities described in Tab_lt_a\/\fe
responses); used a collaborative learning tool (as presenteHigure

e Observations of class discussions and teamwork thl\i' Th's tool wasl an internet forum, used and medag
were recorded and transcribed (16 hours 0\iwthln the course's website, and served as a piatfor

; . students to communicate and discuss different ssstige
observations); forum was used following class activities, assignteend
e Questionnaires (in the beginning, during, and ehd o,. um was u lowing HVItes, '9

. . ..~ discussions, continuing the learning process beythed
the course) regarding perceptions of, and attitude . .

= classroom doors (Brush et al., 2002) and implemgritie
toward, relevant SE topics;

. . . . . benefits of computer- and communication-based
¢ g}‘ii}’édgfbr'gfrwews with students at differenages capabilities for supporting group decisions (Al&\894).

' . - In addition, the forum serves also as a reflectami.
¢ Students’ homework assignments (after each agtivity st each in-class activity, the students wererireted to
All textual data retrieved via the aforementione

. eflect on that activity, relating both to what yhead
research tools were analyzed by text analysis apyie o, orienced individually and as a team. In eadeetn,
inductive gpproach (cf. Bpgdan an.d Biklen, 1992; &tsa the students were asked first to express theirrstateling
and Corbin, 1990). In this analysis approach, cai€§0 ,nq thoughts regarding the issue at hand. Afteofathe

ehmergia] fro”ii the ldqta and areovaI|(J!ated and refined qents posted their reflections, a discussiotk fmace
throughout the analysis process. Our aim was totiye  1eq on these reflections. In this discussionstheents

learning processes and knowledge construction gakirbommented on their peers' statements and replied to
place when learning how to collaborate. Thus, th@,mments made regarding their own statements.



Activity Description Examples of observed phenomena

Project Allocation of modules to teams and tasks(1) The perception of the students with regard to the
Planning to team members, and planning an success of the mission was closely related to the
overall schedule for an SE project. This degree of their active participation in the task.

involved both intra-team and inter-team (2) The students constructed perceptions as to what

planning. factors contribute to or interfere with the sucaafss
the mission.
Bonus The students were presented with (3) The students tended to choose the percentage of the
Allocation specific situations of teamwork in SE, personal reward based on their assessment of thei
were required to make individual, and personal skills relative to those of the other team
then team, decisions regardmg their members (preferring high individual reward when
preference of bonus allocation assessing their skills to be higher then their geer
(individual versus team bonus), and to skills).

analyze the relationships between rewar
and cooperation in the context of
software development project.

(Based on Hazzan, 2003).

d(4) The students constructed new views with respect t
the desired combination of skills and levels oftea
members and appropriate bonus allocations for
different combinations.

=

Ethics The students were presented with severg) The students successfully suggested ethical rules,
ethical dilemmas concerning SE, many of which were similar to the ones published i
focusing on human aspects and http://www.acm.org/constitution/code.html

specifically on collaboration, and were
required to suggest solutions. Based on
these experiences, as well as their own
previous ones (e.g. from their yearly
project), the students were required to
suggest a set of ethical rules to guide
software engineers.

(6) Inconsistently with the suggested rules, the sttstien
tendency to actually apply these codes of ethics
depended largely on the context (e.g. passive sersp
active situations, physical verses virtual envirents,
and norms of the organization within which they)ac

Teamwork Toward the end of the semester, each  (7) The approach of most students to this analysistova:
pair of stuo[ents was mstrlucted to observe compare what they observed to the way they
another pair during a project themselves implement teamwork. It was a somewHat
development session (of at least two judgmental approach, implicitly referring to one
hours) within the framework of their approach (their own) as the "right" one and evaiga
yearly project. The students observed, the other accordingly.

documented and analyzed the
observations in light of the information
they had acquired and knowledge they
had constructed during the entire course.

(8) some elements that contribute to teamwork, which
were exhibited by all student pairs, and were then
agreed upon in the follow-up discussion in classewg
(a) the need for prior acquaintance with the oteam
members, specifically their specialties and linnitas;
(b) switching roles among team members, particylgrl
while working on the computer;

(c) listening to the other team member and
considering each opinion.

Table 1: Examples of Activities Generated and Executeith the Exploratory Study

Being both a working environment and a reflectiomot new to the students that learned this coursesd
tool that documents students' inputs, the forum alae students had two and a half years of collaboration
very useful as a research tool. It provided additicdata experience, executing in pairs or teams their hoonkew
regarding the students' learning processes, caotitigpto  assignments related to different software develogme

data collection and triangulation. activities (programming, design, analysis, etchug, our
aim was not to teach them collaborative software
5. DISCUSSION development as a new subject, but rather to de\aeidp

enhance their awareness as to how to improve $pisca
The collaborative learning principles and the exaspf of software development processes. As was illuedrat
respective activities and tool presented in thiggpavere the previous section, this was done through active
aimed at supporting learning collaborative softwarexperience, in some cases simulating a real-lifisvaoe
development. It is important, however, to take intaevelopment environment, applying different collisttimn
consideration that collaborative software developimeas principles, as well as reflection and analysisvéitis



The forum used for online discussions implemented  higher achievements. This phenomenon heightens
the contributions of group decision-support systems when the more dominant students handle the
presented by Alavi (1994), increasing the effectass of discussion aggressively.
collaborative learning. First, it supported coopieraand Table 2 specifies the gains and losses identifiealir
teamwork among the students by facilitating infatiora  study for each collaborative learning activity avolt
sharing and group processes; second, it facilitatgoresented in this paper. In what follows, we déschow
evaluation and modification of student's mental eted the gains and losses are attributed to the differen
and awareness through exposure to alternative @etrgps  activities.
and increased and rapid feedback from group members

Each of the activities, all of which were started | EuEl|AEE S Gains Losses
class and were followed by reflections in the foruml Forum (G2); (G3); (G4)
focused on a different aspect of collaborative vgaife Discussion
developmentBased on the data analysis, we found that tHeproject Planning  (G1);(G3); (G4) (L1);(L2); (L3
students encountered many opportunities to cortstryc

firmer perceptions as to what successful collabeeat | Bonuses (G1); (G2); (G3); (L2); (L3)
software development is. In the discussions, botblass (G4)

and online, students tended to place great emghasithe | Ethics (G1); (G2); (G3); (L2)
question: Which attributes contribute or damagg (G4)

collaboration? While perceptions of what theseiattes | Teamwork (G2); (G3); (G4)  (L1); (L2)

are and how they affect collaboration varied amdmg Observation

students, it was apparent that the students indesediced  "Tap1e 2 Gains and Losses Identified for Each Activity

reflection and analysis, becoming more aware aititalr

with respect to topics related to collaboratiorsaftware Looking at the process gains, we find that gaind)(G

development processes. . ~and (G4) were relevant for all activities. Sincé thie
Similar to Nunamaker et al's (1991) analysis oftjvities concluded with reflection and discussi@s),

collaborative learning, our proposed framework folsydents could base their considerations and reasom

Iegrnlng how to collabqrate in SE S|tuat|9ns alsven  heir past experience and to analyze previously

gains and losses. Following are the predominarg:one encountered phenomena in light of the new condbets

Gains: . ) _ _ learned (G4). The first two gains were more spec({fs1)

G1. Students were motivated by the idea of simulatingas relevant only in simulations and (G2) was rafgv
reaI—I_lfe _situations they might encounter whenynen open discussions were held, especially reggutie
working in industry. ) students' individual experiences.

G2. Throughout the course, a special atmosphere _of Examining the process losses, we see that (L1) and
openness and sharing developed, encouragingsy were relevant only where simulations are cone;
students to speak freely both about their in-clasg 2y and (L4) relate to different elements in stuise past
exercises as well as about different past expeg@nc eyperience and early perceptions, and their inftaen

G3. Better  assimilation of the subject studiedneeded to be examined for both simulations andsclas
(collaboration) was achieved through reflectiongjscyssions. For example, in the case of the oriéinem
analysis and discussions. discussion we found that (L2) wamt present since the

G4. The fact that the activities invited students toklo pline discussion was always conducted after aclass
back on their previous collaboration experiencesyctivity and/or discussion; hence, at this poinmomn
presenting the opportunity to discuss, analyze an@nguage and discussion focus have already beéevadn
reflect on their real experiences, enabled them tg s opvious that (L4) was not present eithercsithe first
develop a broad and multi-perspective understandingyyantage of the online forum group discussior teféhe
of the topic on the one hand, and to view and @ealy fact that dominant students are prevented fromakiver
past experiences from a new perspectivene giscussion (Alavi, 1994). Note that the facttthe
conceptualizing different impressions by the newlyoym did not suffer from any of these losses, doet
learned collaborative work concepts, on the othefean that the online forum had no disadvantages

har]d. whatsoever, but only that it lacked those lossesi§ipally
Losses: o _identified in the context of learning how to colahte.
L1. Simulations can only partly imitate real-life

situations, leaving several aspects unattended. 6. CONCLUSION

L2. Since each student comes with his or her own past

experience, their early perceptions might differrnis paper suggests a framework for teaching
greatly, leading to misunderstandings or lack 6l co|laporative software development. For this puepos
in the discussions. _ _collaborative learning activities were designed antbol
L3. Because the students come with previougas ysed based on features and attributes sugdsstae
collaboration experience, they are reluctant aé$in® |iierature  for  enhancing  collaborative  learning
replace their old habits with new behavior. effectiveness. They were applied in an advancedeusity
L4. Students at.thls stagg of their stqdles differ f@aoh  ourse in order to explore the learning processet a
other in their professional experience. Some alreadnowledge construction that take place when thishing
work in industry while others have not yet gaine¢ a annr0ach is applied.
professional experience beyond their academic tasks * \ye found that during the collaborative learning
In simulation situations, the latter tend to witlar  processes, students constructively develop a coualep
letting the more experienced students take OVefamework of collaborative software developmentciEa

Similarly,  students  with  lower  academic gydent - first individually, then in groups anddily in
achievements tend to give way to students with



class forum - identifies relevant attributes aneirtdesired Computer Science Education (ITICSE 2003), Hazzan,
values that might contribute to collaboration. O. and Tomayko, J. (to appear). Tasks in software
We also found that students' past experience engineering education: "The case of a human aspécts
influences both the gains and losses of collabarati software engineering course", Software Engineering:
learning activities (see Table 2). Accordingly,ufie work Effective Teaching and Learning Approaches and
might examine the possibility of introducing cokahtive Practices (Ellis, H. J. C., Demurjian, S. A. and didw,
software development at earlier stages of software J. F.—eds.), Idea Group.
development education, recruiting the studentsst fir Herring, R., and Rees M. (2001) ‘“Internet-Based
development experiences to learning successful Collaborative Software Development Using Microsoft
collaboration. Tools", Proceedings of the 5th World Multiconferenc
We believe that educating software engineers abouton Systemics, Cybernetics and Informatics. Orlando,
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APPENDIX A
HUMAN ASPECTS OF SOFTWARE ENGINNERING -- COURSE TOPICS

(Hazzan and Tomayko, to appear)

Lessonno.  Topic

Lesson 1 The Nature of Software Engineering

Lesson 2 Software Engineering Methods

Lesson 3 Working in Software Teams

Lesson 4 Software as a Product

Lesson 5 Software Engineering Code of Ethics

Lesson 6 International and Cultural PerspectiveSaftware Engineering
Lesson 7 Different Perspectives on Software Enginge

Lesson 8 The History of Software Engineering

Lesson 9 Program Comprehension, Code InspectiodsRefactoring
Lesson 10 Learning Processes in Software Engirgeerin

Lesson 11 Heuristics of Software Development

Lesson 12 Software as a Business

Lesson 13 Case Studies in Software Engineering

Lesson 14 Students’ Summary Projects and Presamgati

Table 3: The Course's Lessons

APPENDIX B
AN EXAMPLE OF THE ANALYSIS PROCESS

Phenomenon no.1:

In the project planning activity, the perception ofthe students with regard to the success of the rsisn was closely
related to the degree of their active participationn the task.

Analysis process:

In this part of the research, we focused on rebequestions no. 3 and 4, which required tracingestts' exhibition of
collaboration and learning processes regardinglotative software development.

At the first iteration of the project planning, reaal was collected via the online forum (includisigidents' reflectiong
and discussions). We found that the students usedvbrdssuccesssuccessfubr unsuccessfuinany times. At thd
second iteration, we marked all the sentencesrnbhitded these words, and focused on them in ting iteration of data
analysis.

Content analysis of these sentences led us to dbnfollowing category for learning processstsidents are constantly
looking for factors increasing/interfering with tiseccess of the missiofT.his category emerged in students' responsgs to
other activities as well).
In parallel, when analyzing the observations ofrt@ark and then a class work on the assignmentowed differences
in the amount of contribution of each student. Wérekd another categosgudents' involvemeand divided the studen
to three levels we identified: (digh involvement(b) low involvementand (c)no involvementWhen looking at al
categories emerging from the project planning #@gtiwe noticed connections between the level nfleht involvemen
and their perception of the activity success. Wanthhecked this new hypothesis by mapping for statient his/he
perceptions of success to their level of involvetnéinding that: the three students who acted amtkeader in the team
discussion (highly involved) expressed a generahiop that the discussion was quite successful; fthe studentd
categorized as less involved expressed many ragersaegarding the way the discussion was heldicating many
flaws that they identified in the process, whilsmam®f them stated an explicit evaluation of thecpss outcome; the thrde
students who contributed nothing to the discusalbstated that the discussion was a failure.

[

Table 4: An Example of the Analysis Process



