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Abstract —

Software engineering education requires a practical
course where students can learn processes and prigets
in a controlled environment. Since software develapent

is usually done in teams, such a course should beeam

work course.
software engineering project where five to sevenwstents

form a team. Each team has an assigned customer avh
needs a software product. Next to traditional onegam

projects, we have parallel team projects where sexad

teams have the same customer and problem scope. The

teams work separately and optimally they do not has
any cooperation. Each team has its own product to
develop from equal specifications. As a result, the
customer gets several products from the same origih
specification. After three years of parallel projets, the
resulting software has been unique enough for varies
comparisons. In this paper, we summarize our
experiences with parallel teams and draw conclusi@nof
their advantages and disadvantages.

At the University of Helsinki, Department of Comput
Science, we have a software engineering projectseou
where students are able to get a feel of softwaveldpment
in a safe environment. It is not only students thanefit
from the course, since the projects have customihsreal

Due to this, we have a one-semester software needs. We may also conduct experimentheat

Department using the project teams. There are more
opportunities to conduct experiments than therefeasible
experiments, since there are about 20 project tezrasy
year (some are even held during a summer semester).
Using software engineering teams in experiments is
common in empirical software engineering researdthile
students are not professional software engindeey, dre not
total amateurs either. As Tichy has mentionedjestts can
be used in experiments when certain conditionsrae[7].
We have found that student software engineeringept®are
a very good platform for such experiments. This vear
main goal when we first started to use parallejgmts where
several teams work individually on the same sofewar
problem.
In this paper, we give an overview of the software

Index Terms- Software engineering education, Student teanengineering project course and discuss severabappes to

work, Parallel project, Empirical software engiriegr
INTRODUCTION

There is a clear need for a practical course inwsoé
engineering education. Not only is such a coursgfulign
learning important software engineering skills iragiice,
but it is also useful in empirical software engirieg
research. Indeed, one of the most interestingwaot
engineering education research fields is to sunmeari
experiences of student software engineering praject

doing research using the project teams. Along with
experiment settings, we also summarize the regiltthe
experiments we have conducted so far.

The rest of the paper is organized as follows. Vile w
discuss the software engineering projects of thpallenent
concisely. This information serves as a base fescription
of parallel project setting used to conduct reseadsfter
that, we will discuss the actual experiments we ehav
conducted so far and reflect upon the results @seh
experiments. Finally, we will analyze the lessons kave
learned during the parallel projects.

The structure of the course may vary from school to

school, but most schools have a student softwagmeering
project. For instance, Dawson lists in his artigbenty tricks
to use in software engineering course training [AJfonso

SOFTWARE ENGINEERING PROJECTS IN UNIVERSITY OF
HELSINKI

and Mora have reported their experiences in sofiwarThe software engineering project is a mandatorysdor

engineering group work [1], Brazier et al. havetter an
article about their software engineering studemjgmts in
Brazil [2] and Coppit and Haddox-Schatz report hibwir
large team projects work in software engineeringrses [3].
Pletch and Agajanian report a project that closegembles
to real-world software projects [5]. All these amdany
others have been reported in recent literature.udesit
software engineering team work is a core courseain
software engineering education of any level.
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all computer science majors at the University ofshidi. It
is often the last course before the Bachelor'sishdslasts
one full semester and requires 17-20 hours of wookn
each participant every week. There are about spveject
groups every semester and each of them consists-7of
students and an instructor.

The projects follow either a linear or an iteratpr@cess
model. The iterative model may have 2-3 short iiens.
The process model and number of iterations arecaida
made by the project group but we remind the stidémt
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extra iterations also imply extra work. In bothdets, the
amount and quality of documentation is expectdoktequal.
Because the project is still a study module, thestipment
cycle ends after software delivery and system depéont.

PARALLEL PROJECTS

Our first parallel project semester was also thestmo
productive one when counting the number of parallel

Project groups are assembled using information fronprojects. We had three regular parallel projediene two

course registrations. Students answer severaliqnesih a
registration form ranging from their preferred i topics
to their interests in software engineering. Thestjoes are
kept simple to make the enrollment process smoatha
result, the groups are highly heterogeneous.
participants may be beginners in project work wisitane
might be experts.

The students get the required theoretical knowledge

teams worked on the same problem: a project faensei
magazine referees, a project of a sea eagle oliserva
management system, and a project of a machine daegu
simulator. Next to these, we had a cooperatefegiravith

Somine University of Petrozavodsk, Russia, where teants

worked separately on different issues of the saofisvare
problem at different geographical locations [9].
In the summer semester 2004, we had a parallebgroj

from previous courses and in some cases from workbout an office room management system. Unforélyat

experience as well. The project itself is a prattioourse.
Although each group has an instructor who is anegxpn
software engineering, it is the students’ contiidrutthat
matters.

The customers have a real need for the solutioesgs
to be developed during the projects. There areradgfined
standard topics for the projects although somectopiay
accidentally resemble others. A typical customer ais
researcher, a teacher, an administrative personeven
someone from outside the Department.

PARALLEL PROJECT BACKGROUND

We started our parallel team projects in the spsamester
2004. Since the software engineering project is datory
for all our students, we wanted to let as many esttsl as
possible to participate in a project they were niotgrested
in. Most of our project teams have individual wéokics, as
there are more available topics than teams. Simeddpics
come from real customers, some of them may gatlee m
popularity among students than others.

also in the summer semester 2004, our departmeneano
our current location and due to this we had onlgrsh
projects that summer. In the short projects theigigants
were asked to work for 30 hours a week. This tiroet to
be too much. While the total hours of the sumneamts
were close to 240 hours, the tight schedule didatiotv the
project participants to have time to process tlkias. As a
result, the summer projects had severe difficultieith
schedule and software functionality.

In the autumn semester 2004, we had a paralleegiroj
of a taxi system simulator. This parallel projeeint well,
but unfortunately we do not have statistics lefowthit. At
that time, we were still in the middle of our mogimand
hence not all our systems were fully functional.

In the spring semester 2005, we had a parallebptajf
a participating student profiler system. This was a
interesting project because its customers lookedthat
problem from different angles and the teams alsb ey
different types of solutions.

In the summer semester 2005, we had two parallel
projects: a project of a generic drawing applicateind a

Several teams from the same problem scope give ywoject of an assistant teacher meeting schedul€his

more freedom when selecting students to teams.
instance, when students sign in to the course, skeabout
their working habits. We can use this informationcteate
teams that have similar schedules.

Parallel projects have the same problem descrigtiah
the same stakeholders. The teams
independent of each other and are not supposeck tm b
contact with each other. However, it is hard toueashat
students do not communicate with each other if tkiegw
each other well.

The parallel project setting gives us a chanceotalact
controlled experiments using the project teams. Wy
allocate students to parallel teams based on sesearch
criteria, such as gender or age. On the other haadnay
instruct one of the teams to use different techesquor
processes while other parallel teams act as cogitooips.
One unfortunate disadvantage of the parallel ptsjecthat
even with good teams only one final product is ctele for
future development. While we do not tell the studevhich
team was better, they can easily guess it fromooust
satisfaction and future development plans. Yet s#wteams
have reported that the other team in a parallgeptalid not
affect their work at all.
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Feemester we got heavy variation in project lengtmsl

quality. Neither parallel project was a successt Wwe
learned valuable lessons about team structure asibroer
participation from both of them.

Our latest finished parallel project was in theuaub

themselves agsemester 2005 about a room reservation systemdtrdent

organization. This project was a success. It iss a part
of our experiment of female-only software enginegri
project teams [6].

After the autumn semester 2005, we had 1.5 years
without parallel projects. Finally, in the ongoisgmester
(spring, 2007) we have a parallel project about eeting
reservation system for teacher tutors. Since thggt is not
finished yet, we do not include it in this summary.

So far we have had total ten parallel projectghteof
which are listed in this paper. Of those projeuts, have
used three in empirical software engineering reteathe
sea eagle observation management system projectjata
communication protocol through animation projectd dhe
room reservation system for a student organizgpiaject.
Nevertheless the other parallel projects have bseful also
from the education research point of view. White all our
parallel projects had research interests, thelyhstile offered
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us many valuable lessons.
summarize the projects here.

Thus, it is appropriate

I Nordic Journal of Computing referee system

The Nordic Journal of Computing (NJC) science magais
published in our University. In the spring semeg@04, we
had a project where the managers of the magazineeddo
have an article evaluation system for anonymousrees.
The system kept track of received articles,
referenced articles, referee comments, and puldialticles,
among other things. As such it was specified toabe
complete article control system for a small or redi
magazine using anonymous referees.

The parallel project had two teams: NJC1 and NJC2about computer organization.

gather all possible female participants that hadeast a
small interest to this kind of a project.

In this project, both teams had the same two custem
This was not a good idea since the customers @ftgued
with each other about issues in front of the sttelerAs a
result, the students were confused of what thewldhdo
and whose word to follow. Fortunately, the projéett had
a rocky start ended relatively well. The membefshe

refgree female-only team were especially happy with thgqutoand

the members of the male-only team did not compéétrer.
IIl Machine language simulator

The machine language simulator was designed focounse
It was specified nallate a

The members of NJC1 were selected to have experienc virtual processor with its own machine languagejsters,
user interface design and digital media courseshe T small memory, stack, and I/O-operations. The systeuld
members of NJC2 were not as experienced in thiak, fimit  execute students’ machine language code and shew th
also some of them had some user interface andadiggdia  results in registers and memory.

background. While we were interested to see whetheser In this project, we had two teams: Koski (Rapids in
interface background would affect the result, we bt have  English, it is also an acronym of the Finnish word

a real controlled experiment due to the user iatarfskills of
the NJC2 members.

Both teams created good software on schedule.
noticed that the NJC1 team indeed created a prddattvas
more intuitive and easier to use than the NJC2 yrid
However, this analysis was based on our subjecipaions.
From a user interface research point of view, fifferénces
were small. It is also not clear whether the sbisle
background affected the result or was it becauseeghching
assistant of NJC1 had strong interest in userfates.

Next to the user interface issues, we were intedesi
see how well our new parallel project paradigm woubrk.
In this project, it worked very well. Both teamachthe same
problem scope but already starting from the requéngts
analysis they worked separately from each othelso Ahe

“Konekielisimulaattori” — a machine language sintatx and
Malan (an acronym from a Mhine lamuage simulator).

WEehe participants of the teams were randomly sedefriem

interested students.
teams.

Although this parallel project did not have a resha
theme, it turned out to be an interesting onethéproject,
the customer did not completely distinguish thertedrom
each other. At certain times, the customer eveaowaged
the teams to co-operate. This confused the teamdsna
doubt affected the results. It also caused thailtieg
products to noticeably resemble each other.

We did not set a researchtgahe

IV Student registration profiler

Our next parallel project was in the spring senme2@05.

customers of both teams were able to keep the teanThis time the teams were asked to create studgistration

separate. We got two products that had the sanegtmand
but which looked and felt different from each other

Il Sea eagle observation management system

The sea eagle observation management system isndane
of a large product family that has been under dgrmakent in

our software engineering projects for the last &&rg. This
time the teams were asked to create software foresgle

observers. The software was specified to allovenless to

input data to the system from forms that they dillen the

field near sea eagle nests. The system should caigmut

various reports about input data.

profiler software. Such software would allow the
supervisors of courses with small group work to idiec
whether a student would be allowed to attend thess and
if yes, which small group he or she would partitégpa For

instance, we use a later version of this softwareour

software engineering group work when we selectesitgito

project teams.

In this parallel project, we had two teams. Tharie
were llpo (a male Finnish name) and Proffa (a Bihrdlang
word for a professor). llpo had five students &mndffa six.
Both teams had their own customer and, fortundiaiyus,
both customers had a very different

In the spring semester 2004, we started a case studunctionality the resulting software would have awtiat

where we would have a female-only and a male-oadymt
working on a parallel project. We made the caseéysin
two semesters and in the spring semester 2004 asedhe

kind of a user interface it would have.

We chose the members of the teams randomly. Both

teams were about equal in size and skills. Thesedid not

sea eagle observation management system to beirghe fhave much contact with each other and the customers

project to observe.

This parallel project had two teams: Kotkat (Eagles
English) with six female students and Hali2 (Hug® i
English) with five male students. Members of btghms
were selected according to their preferences Imgesive do
not get that many women to our projects, we bdgiteld to
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able to keep the teams separate from each otherbiglgest
differences were in requirements and it clearleettd the
products.

As a result of the problem and customer preferengegyot
two pieces of software that answered the origimablem
definition but that were otherwise quite differdram each
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other.
approaches which showed well in the final products.

V Generic drawing application

In the summer semester 2005, we had two paralgégts.

The first one was a generic drawing application.heT

application requirements stated that the applioatias to
support different types of modeling languages. whs
defined to be a core framework for a family of diffnt
modeling software.

The teams had chosen completely differenstudents’ association could use to reserve meetoms,

sauna, and other common facilities of the assaxtiati

This time we had teams Potta (a Finnish slang name
the students’ association that wanted the softwate word
is also a potty in Finnish) and Innova (comes from
innovation). The Potta team had five female sttgland the
Innova team had six male students. We wanted tiea P
team to have six female students but one studemtetiad
her participation before the project had started.

The idea of having separate customers worked well.

The summer projects did not manage to create $mitabThis time the teams were totally independent oheatter.

core software. We had teams Canvas (the sameghsEn
and Oops (the same in English). The Oops teanaat tded
to create good software and their resulting prodvas later
expanded in a new single team software enginegriogct.
The Canvas project, on the other hand, failed raidgr

While the Canvas project was a failure from a pobddu

point of view, we learned a valuable lesson fronHirst, the
size of the Canvas team eventually became too srtadtiad

originally five participants, but two of them calied the

project. Second, the project had several studeritsse
mother tongue was neither Finnish nor English.akguage
barrier, early cancellations, and general lackntdriest to the
project were the main reasons for the failure @ iroject.

None of the issues alone would have destroyed theqt,

but together they were too much.

VI Assistant teacher meeting scheduler

Also in the summer semester 2005, we had a pamalbgbct
of an assistant teacher meeting scheduler. Thtoroes

wanted software that assistant teachers could use

laboratory courses. The purpose of the softwars tea
allow students to select from a set of predefirigt tslots
when they would like to meet their teaching asaista

In this project, we had teams Aija (a Finnish fesnal

name) and Sahara (the desert in North Africa).

Alja

The results were interesting, too. Both teams alidery
good job and the quality of both products was aleoutal.

After the teams had finished, we also finished case
study about female-only software engineering tearige
found out that female-only teams work equally veslimale-
only or mixed teams, but perhaps the members ofliem
only teams are more social and their working hahits
somewhat different. We have published a complete
description of the case study in a separate p#&per [

VIII Data Communication Protocol through Animation

While in all the previous projects the teams worked at
least tried to work) separately from each othem data
communication protocol through animation projectswa
different. This time both teams worked on difféaraspects
of the same problem. The interesting part of tkgeament
was that the teams were geographically distributed.

The team at the University of Helsinki (Dacopan UH)
had three Finnish students, two Spaniards, and~omash-
American. The team at the University of Petrozakod
(Dacopan UP) had five Russian students. As famwas
know, this is the most international geographically
distributed student team project reported in liem
However, although Dacopan UH team did not have a
common language, it did not ruin the project. éast multi-

team had five members and the Sahara team had folanguage students gave new views to the problemitand

members.
emails because originally we had too few projecippsals
and we asked one of our colleagues to create gpnayosal.
The new proposal turned out to be very interestmghe
students.
teams.

We selected the members of the teams froselutions.

In the project, we considered it wise to start pheject
with a common kick-off period. This was arranged i
Helsinki, where both teams worked together with the

We found enough volunteers for two pelral customer. In three weeks, the teams and the cestoiound

most of the requirements of the software. A secjuat

This project had some very good characteristics anworking period was arranged towards the end ofpifogect

some very bad ones. A positive thing of the projeas that
the customer was able to keep the teams separatetha
teams had very strong ambition to finish the projek
negative thing of the project was that the customad
unrealistic requirements which the teams did nadrjpize
well.  As a result, especially members in the Aigam
worked extra hours in order to finish the projectschedule.

VII Room reservation system for a students’ assiocia

We concluded our spring semester 2004 female-araynt

experiment with a new parallel team experiment he t

autumn semester 2005. Again, we had a female-{alm
and a male-only team, but unlike the previous tithis, time
we had two customers who had their own teams. (fiiis
the project proposal specified software that memlra
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in Petrozavodsk for a period of ten days. Thequkemvas
used for joint integration testing and software dastration.
However, part of the scheduled time was actualgdufor
coding since the project was a little late.

Our experience with the Dacopan project was pasitiv
In spite of the differences in team members’ baskgds
and little of face-to-face communication, the sttden both
teams produced a high-quality product within theegi
schedule. The feedback from the students wasiyp®sind
they all agreed that these types of projects aefulis The
Dacopan project participated later in the Microsoft
technologies in software engineering and software
development contents where it won the first pl&»ar. cross-
cultural software engineering project experimentfudly
described in our report [8] and it is summarizedaitater
conference article [9].
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LESSONS LEARNED

Most of our parallel projects have been educationaindividual

successes. We have noticed that a good paralgeqgdr

On the other hand, the best way to have a goodigara
project is to let the teams have customers who have
preferences within the problem scope.
Unfortunately, we have had only three such projsoctdar:

where two or more teams work on the same problerthe Nordic Journal of Computing referee systememijthe

definition has the following characteristics:
. All teams are about equal in size and skills.
- Al

teams have their own customer and the

student registration profiler project, and the ro@®ervation
system project.
One of the biggest issues in our parallel projecthat

customers of the teams do not know about theparallel teams tend to compete with each other.is T

advances of the other team.

- The original problem definition is the same with al have easily recognizable differences.

especially true when we have an experiment wheaenge
For instanceour

teams but the customers of the teams have slightlfemale-team study, both times the members of kezims of

different preferences: for instance

they maycourse immediately realized that team members werte

represent different stakeholders or have differentandomly selected. This kind of a competition aion is

interests in human computer interface issues.

bad for education, research, and team work. Wkams$

- The teams are neither asked to compete with eactbmpete with each other, they tend to forget theicsaof
other nor do they get the impression that theysoftware engineering. They want to have as much

should do it.

functionality in a limited time as possible. Asesult, quite

- The teams do not need any information from theoften they create enormous software that is badbighed

other teams.
the customer of the team.

All needed information comes fromand tested.

While it is not possible to forbid students from

. If the teams have the same customer, the customepmpeting with each other, the customers shouldvise
will not let his or her biases to affect his or herenough not to let their feelings and preferencéscateam

relationship to the teams.

It is important that the teams are about equaize and
skills. If the sizes of the teams are very diffégreas
happened in our Canvas project, the created preduetnot
comparable. Also since both teams are aware ¢f ether’s
work — we have noticed that this is unavoidablehe t
knowledge of smaller available resources often make
members of the smaller team to work too hard oe gip
project work almost completely.

Unfortunately, it is not possible to completely &vo
teams of different sizes. In our case, in the @anwroject
we had five participants.
cancelled the course very early and another studergelled
it after about one third of the project was ovérhe other
three were never very interested in the team work after
the cancellations their work motivation dropped enofThe
result of the project was barely acceptable.

The equal skill factor is important as well, buafipears
that it is not as important as the size factor. Negge had
teams where the participants have had quite limseits
and yet they have got reasonably good results. b&ieve
that the feeling that the team members work togefire a
joint goal and can trust each other is far moredrtgnt than
individual skills. We have noticed that the besarmces for
this to happen are when a team has 5-6 studektsmbers
of smaller teams may try too hard or too little. ivteers of
larger teams seem to somewhat miss the feelingeinigba
uniform team.

work. Alas, this is not always the case. We haegl
customers who were not able to keep their teameratp In
the weakest form, the customer lets his or her kedge of
one team’s work affect the dialogue with the otieam. For
instance, quite often one team finds out an eleggaintion to
some functionality issue of the developed softwalfetheir
customer is not careful, he or she may easily thiatother
team about the solution. In the strongest forra,dhistomer
forces all teams to use a solution that is intrediuisy one of
the teams.

A summary of the parallel projects as listed irs thaper

Unfortunately one studenis in Table I. The table lists the team names,nin@ber of

students of a team, the total hours, the minimunnking
hours, the maximum working hours, and the average
working hours. The students of the projects actoheir
private working hours and tasks into our metricstam.
The hours spent in a project do not directly affgiciding
and we have told this to the students as well. dchswe
trust that the listed hours are fairly realisticttwinatural
variation.

As we can see from Table I, the average workingdiou
are about the same in all projects. The only daiffference
is in project Canvas. That project was a most taf@te
one and it also shows in its hours. Next to the v@an
project, we have fairly equal projects in averagark. The
largest differences are in the Aija project (31Bbdurs) and
Hali2 project (200.7 hours). The Aija project suffd from
unrealistic requirements, as listed earlier. Tde& hours of

We have noticed that the best way to jeopardize ¢he Hali2 project are somewhat a mystery to use #am

parallel project is to let the teams have the saostomer.
Few customers are able to completely distinguisgirth
opinions and knowledge of other teams.
knowledge percolates in team meetings especiallfh
requirements analysis phase. It also shows
relationships between the customer and the teame snost
customers soon find out which team is their faeooihe.

Coimbra, Portugal

did a good job so low hours do not show that muth i
quality. The most probable reason for their lowtsas that

This extrdhey did not really keep track of all their workirgurs.

Sometimes our students consider this kind of woalstes of

in th#éme since it does not directly affect course gsade

While the minimum hours and maximum hours vary a
formidable amount from project to project, it ist @oserious
issue. When 5-6 students join a team without prior
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knowledge of each other, it is not a surprise g@heone
will do as little as possible in the team. As lagghe or she
does not encourage others to slip their dutieslogs not
affect the team that much.

TABLE |
PARALLEL PROJECT STATISTICS

Name #| Hrstot] Hrsmin Hrs mgx Hrsayg
NJC1 6 1488 218 292 | 248,0
NJC2 6 1541 247 270 | 256,8
Kotkat 6 1551 245 274 | 258,5
Hali2 6 1204 175 242 | 200,7
Koski 6 1444 224 260 | 240,7
Malan 5 1120 144 265 | 2240
lipo 6 1429 190 269 | 238,2
Proffa 5 1183 224 253 | 236,5
Canvas 3 362 113 128 | 120,5
Oops 6 1662 243 313 ] 277,0
Aija 5 1551 229 367 | 310,2
Sahara 4 1093 222 324 | 2733
Potta 5 1372 246 208 | 2743
Innova 6 1526 193 249 | 2543
Dacopan UH| 6 1787 257 332 | 297,8
Dacopan UP| 5 1211 167 206 | 2422

A graphical summary of the Table | data is in Feyar

The figure shows the minimum, average, and maximum

hours of each team in each parallel project asdist the
previous section. The closer the different dotsagbroject
are, the more equally the members of that team havked.
The closer the dots are to the 240-hour line, theet the
project has been of the recommended size. Adaénfigure
shows that most teams have had about the rightgreffort
and that all members of a team have worked abounLas.

400

N © Hours min
] o a
240 4 A Hours awg

o Hours max

o>
<

opo

80

| I 1] v \ Vi Vil Vi

FIGURE 1
PARALLEL PROJECT HOURS

CONCLUSION
Our experiences with parallel software engineestglent

projects have mostly been positive. Most teamse haot
complained about the artificial situation of two raléel
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teams. Usually at the beginning of the projectngahink
that they must compete with each other or at léadtout
what the other team is doing, but when time passeb
software requirements are gathered teams seennget finat
the other team existed.

The best of our parallel projects have been goad fo
students, customers, and researchers. We haveevadal
such projects. A common thing to the projectshi their
participants have really wanted to join the teaessh team
has had its own customer, and teams have been iagsiak
and strength. We think that these three issuesalmest
mandatory for a successful parallel project.

In our three years of parallel projects, we hawred
that such projects are a good research resouraeingigood
experiment conditions with parallel projects is fexct a
smaller problem than finding out a good researgdictdo
experiment with a parallel project. We expect taven
several parallel project experiments in the futuk®e hope
that this paper will encourage other schools tottwm as
well.
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