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Abstract—Software that is meant to support collaboration is wide list of collaborative software is provided by Wikipetli
mostly developed “ad hoc”, placing some additional overhe&ito  Some of them, as the social networks, tagging systems, wikis
users, that are required to integrate the common work practtes, 5ra well known and have a consolidated success in the

realized with the traditional software applications, with the new text. Thei h ted the id f
collaborative features offered by the new application. It las been consumer context. €lr success has suggeste € 1dea o

argued that this is likely to inject lack of motivation on use's, Using them to support collaboration in work setting [3]. éDit
jeopardizing the positive effects of collaboration in workplace, indeed, this approach has not been successful due to poor

since the time dedicated to collaboration is perceived as wted. adoption by users [2], [4], [5]. In our opinion, these apioes
In this paper we present a generic mechanism to provide team hayve not solved the initial issues of CS8isparity between

awareness through the integration between a social platfon <0 \yho do the work and those who get the berefit the
and a work environment. The integration mechanism is, indee,

generic and the work environment potentially can be any kindof ~MiSSiNg support for the context switch between personal and
application usually adopted by team members. We illustratehe ~ group work [1]. From several studies another interestingtpo
mechanism through the design and implementation oB0CSVN, has emerged: the success of Web 2.0 tools is based on the

a proof-of-concept example in the scenario of collaboratio  participation of a critical mass which is difficult to invain
support in software development. SOCSVN integrates a social a work context [4], [5], [6].

platform (Elgg, a well known open source social networking . . . .
engine) with SVN, a source code versioning system widely use N Spite of that, the idea of supporting Conaborﬁtllf)l." tfgbu.
in software development. Web-based tools offers a wide range of possibilities to in-

We also abstract the mechanism provided and show how it terconnect many different tools the users are familiar with
is easily generalizable to other software, providing a lisof the and therefore this approach could be more easily accepted.
requirements and the amount of work to be integrated in the Moreover it could reduce the friction between work and
architecture. . . .

Index Terms—team awareness; CSCW, software development; colllabora'uo.n phas_es_ through the mtegratlon of the cokab
social platform: rative functions within the applications usually adopted b

workers. This idea is not completely new and several attempt

have been conducted with tools that are not web-based: Xia
. INTRODUCTION et al. introduced collaboration features into MS Words [7],

Manno et al. introduced collaboration features into XMird (

So far, the Computer Supported Collaborative Work fielghol to creates mind maps) [8] and several studies introduce
has been widely explored and has produced many softwaglaborative features directly into a software developme
systems oriented towards several aspects of collaboratigfvironment [9], [10], [11]. These studies present the same
providing team awareness, supporting discussions, @ecisfounding idea: the collaborative features are introduiced
making, cooperative work, collaborative learning. Howevethe work application and therefore, in some way, the scope
the adoption of such systems has been hindered by sevefaihe collaborative features is application-specific anesd
obstacles; one of the most relevant is the context switgldt provide broad team awareness about the work goals, tasks
between the phases of individual work and collaborativepraand members activities beyond the current task. Our idea is
tices due to the lack of integration between the collabeeatito integrate work applicationsithin Web-based collaboration
applications and the applications usually adopted in thekwofeatures, so that users can collaborate through severdl wor
flow; another important limiting factor in the spreading ofpplications and achieve a richer team awareness.
collaborative software is the lack of motivation by users: |ndeed, we do not forget that a web based tool is not
often, the users that more actively participates in colatiee magicand does not guarantee by itself a large adoption [3]: it
praCticeS are not those who benefit of relative results a.fu'bes not solve the issues related to users’ part|c|pat|mdu
therefore, the time dedicated to collaboration is perck&e skepticism, work-collaboration friction, lack of motivat and
wasted [1], [2]. of the critical mass to be reached (in case of Web-based)tools

Nevertheless, the interest in computer supported collabherefore, the adoption of collaborative features showd b
oration has not decreased, as witnessed by a multitudesg@iinulated and scaffolded. In literature, several stugiepose
Web-based tools supporting collaboration and social atter rewarding mechanisms to stimulate users’ participatid,[1
tions. Notable and not exhaustive examples are Google Apps,

Smartsheet, SlideRocket, Wikipedia, Delicious, Faceb@ok Ihttp://en.wikipedia.org/wiki/Listof_collaborative software
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[4], [13]. Even if these approaches produce a larger adopti@s people’s roles and responsibilities, their positionsaan
they often stress the competition among team members asslie, their status, and group processes;
should be fine-tuned to avoid negative phenomena like rat-Informal Awarenessin a work community, the general
races or bullying [4], [13]. Our idea to scaffold the adoptiosense of who’s around and what they are up to, the kinds of
of such tools is to provide users with a system which can le#liings that people know when they work together in the same
them beyond the initial slope by offering an automated mecbffice; informal awareness is the glue that facilitates ahsu
anism able to create contents in a collaborative environmémteraction;
starting from certain working activities. e Social Awarenessnformation that a person maintains about
In this paper we present a generic mechanism to providthers in a social or conversational context, things likethir
team awareness through the integration between a soeabther person is paying attention, their emotional state,
platform and a work environment. The integration mechanistieir level of interest.
is, indeed, generic and the work environment potentially ca In their review, Steinmacher et al. [17] found that Coor-
be any kind of application usually adopted by team memberination and Cooperation (in the 3C model) and Workspace
The proof-of-concept of our mechanism is based in thvareness (in the Gutwin’s Awareness Framework) are the
scenario of collaboration support in software developmembhost supported aspects, while the aspects related to Commu-
This context appears particularly relevant, since the ldpez nication (in the 3C model), Social and Informal Awareness
teams often are world-wide distributed and need freque(it the Gutwin’s Awareness Framework) are less supported.
interactions, both synchronous and asynchronous, duhieg tndeed, the results of the classification on both modelsestgg
design, development and testing of the software. Our prodifie same conclusion: so far most efforts have been focused on
of-concept is ®CSVN, the integration of a social platform,supporting coordination and work activities. Less attmmtias
Elgg [14], a well known open source social network engindeen dedicated to support, basically, the creation oficslat
with SVN, a source code versioning system widely used 8hips in distributed teams. However, this is considerediatu
software development. to create a shared context and a common knowledge among
the team members, to avoid misunderstandings and increase
opportunities for interactions, in other words to improveh
Large software development can be a world-wide dishe team members works together. Our paper follows and try
tributed activity and therefore supporting collaboratiand to address this aspect, without modifying the current work
team awareness is a widely recognized need: in spite of disactices, adding a social layer to team activities.
tances, team members need to share a clear idea of the projeTb enhance contextual collaboration, that is allowing peop
and its goals, the identification of problems, definitionasfits, to use their core applications with collaborative capéibgi
respective activities and workplans, as well as interddpan embedded within these tools, Hupfer et al. proposed Jazz
cies between all these elements [15]. A smooth coordinatif8]. Their main goal was to embed collaborative components
of the work leverages group awareness information, to pviand capabilities into the Eclipse application developnemnt
every one with an understanding of the current state of th#gonment. Supporting ad-hoc collaboration among soféwar
project and of required and expected next steps [16]. developers has been explored also by Hedge and Dewan [22]:
Over the years the interest in supporting team awarenesshnay integrated in Visual Studio a set of tools to support
distributed software development context is increasegktteer workspace awareness and team cooperation and coordination
with the available technologies, as witnessed by a wide andAmong the works supporting team awareness, most are
recent review of state of the art presented by Steinmakdr etapplication specific and provide support to users when they a
[17]. The authors have classified the papers on the bases ofiiking a certain application in which social features hawenbe
3C collaboration model [18], [19], [20] and of the Awarenesmtegrated. Lightweight solutions for supporting colladtive
Framework presented by Gutwin et al. [21]. software development include a work from Fitzpatriek
The 3C collaboration model defines three dimensions toal. [23]. Their idea was to augment the Concurrent Version
support team collaboration: System (CVS) with a lightweight notification system and a
e Communication: the exchange of messages among peoiit&ertape tool on which developers can display CVS message
to negotiate and make decisions; and chat with one other to enhance timely interactions. fThei
e Coordination: the management of people, their activitie$ amnalysis showed that these communication facilities hklpe
their resources, in a manner that prevents loss of communidavelopers to: (1) increase the length of messages entered

II. AWARENESS INSOFTWARE DEVELOPMENT TEAM

tion and of cooperation efforts; when making commit actions; (2) decrease the number of

e Cooperation: the joint operation of members of the grougopmmit with empty messages.

in a shared workspace. Calefato et al. [11], which explore the usage of social
TheAwareness Frameworkpresented by Gutwin et al. [21] network to support group awareness in distributed software

defines four dimensions for the team awareness: development teams. They developed an extension of Jazz,

e Workspace Awarenesknowledge about others’ interactionto integrate social websites (leveraging FriendFeed, #&lsoc

in a workspace and its artifacts; aggregator) to speed up the establishment of shared context

e Group-Structural Awarenes&nowledge about such thingsand personal relationships. On one hand, their solutiomoes



the friction between the social and work activities, on theeo A. Systems

hand, it is appli.cation specific (only for Jazz) and.couldseau Apache Subversion [25] (i.e, SVN) is a software versioning
an overload of information in the CDE, as recognized even By,q revision control system distributed under an open sourc
authors which developed filters to face this issue. license. It is used to maintain current and historical \ersi
The idea to integrate social features into the CDE has begifiles such as source code, Web pages, and documentation.

explored also by Bani-Salameh et al. [24]. They developed aadditionally, we used WebSVN [26] an online subversion
Social Collaborative IDE (SCI) which offers several cole#-  repository browser. Its main features include: showing- sub
tive features: presence, chat, notification about usersit&s yersion repositories, browsing the directory structurethaf

on workspaces objects as well as a 3D virtual environmegihository, viewing different versions of the repositorigw-

with users profiles showing working activities. Even in thi$ng the content of a file, comparing revisions of files. Fipall
case the proposed approach is application specific and coglgrovides RSS feed support for watching any resource.

provides a robust framework on which to build all kinds of
A. Our work social environments. For each user, it offers a personal Wal

Based on our analysis of the current literature, supportifg9e. With personal posts and related comments of othes.user
Communication and Social and Informal Awareness appeardIgreover, it provides the possibility to manage bookmarks,
key aspect to provide team awareness and group membersHif99ing, sharing files, create and sharing pages. Eacleséth
At the same time, our idea is that integrating the collab&lement can be commented. Furthermore, Elgg provides a
rative features into a specific application is in same wayV&'de set of Plu_glns, that _aIIow to add extra functlonaILtle_s
constrain: users can access to such features only throagh fNmong the available Plugins, we used the Calendar Phigin
application, while the workflow often includes several s Which allows to add events on a calendar, and the Men-
and applications. Our idea is to provide team awareness ¥§1S Plugirt that allows to tag users in order to generate
integrating social featurewith working applications instead P€rsonal notifications (i.e. @ i ce to allow an automatic
of into them: this allow us to implement the integration witfofification to Alice). Exploiting this possibility offeceby
several applications (instead of being application Sp:E)CiﬁEIgg, we developed a specific Plugin to integrate in a social
and at the same time we avoid information overload in@nvironment resources and notifications coming from SVN. In
the working application. In the consumer context, the docig@U" xamples, we used a Facebook-like skin to improve the
networks (Facebook, Twitter) offer a rich awareness abdtfggree of familiarity with the interface.
family and friends activities, plans, interests. However tis- B

. . , . SocSVN Functionalities
age of common public social networks is not recommendable ) ]
in a work context: for security and privacy policies sharing SCCSVN provides team awareness to SVN by leveraging

information about the work in progress is not acceptablBl€ Social features offered by Elgg. The integration betwee
Moreover, often these networks are filtered in the work place> VN @nd Elgg has a twofold view: when a user works on SVN,
Therefore, supporting team activities should leveragewvate SOMe of hls/hfer actions are visible in Elg_g as social evéuis,
internal social network. Among several social network -soft'n€n logged into Elgg, users can visualize and comment both
ware, we chose EIgd14]: an open source project with a widerepository content (i.e. files and directories) and SVNoaxdi
developer community. It offers almost 1800 extending Riggi ©f Other users. Each user has an account both on SVN and
and was downloaded almost 3 millions times; it is used &499, With & unique correspondence between these accounts.
private social network by (among the others) the NASA, the Specifiqally, when a user commits a file on the repository,
Australian and British Governments, the Stanford Uniwgrsithe following events happen on Elgg:
and the Johns Hopkins University. As proof-of-concept we « & synchronous notification is shown to all Elgg users
have implemented&SVN the integration of Elgg with SVN (which are his/her friends) logged in;
[25], a typical tool used in software development actigitte ~ « an asynchronous notification is sent to all Elgg users
share and synchronize source code among distributed teams. (which are his/her friends) in their News Feed pages
(something like the Facebook Timeline), shown in Fig.
1. SOCSVN: SYSTEMS AND FEATURES 1(a); if a user commits a file on SVN adding also a

comment, the comment is also reported on the noti-
SOocSVN aims to provide team awareness about activities fications, and if the user tags somebody in the com-

on the repositories by augmenting SVN with the social fesgur ment (i.e. something likeThi s shoul d sol ve the
prOVided by Elgg Users work as usual with SVN and their pr obl em @\l ice had yest er day”), the user is
actions trigger notifications and produce comments on their personally notified.

social network. We first describe SVN and Elgg, then we , a notification associated with the commit is added on a
present the functionalities offered by their integration. calendar, shown in Fig. 1(b);

2A comparison among several social software can be founchadka: http: Shttp://community.elgg.org/plugins/384926/0.84/eveatendar
/len.wikipedia.org/wiki/Comparisorof_social networking software 4http://github.com/Elgg/mentions



SOCSVN 4 = K = el 4 Jotn tome

Blogs & COMMIT on fsvin
(A) W hitp3#L27.0.0.1/svn/eewSacialAwarenessiUser java -
Pages ML Comment: Added anew users property swnt All events (Day: 19 July 2013)
Files just now - Comment - Like Calendar
Wire e — IEEEE  show onlythose o] My calendar | My friends’ calendars
Bakmariihis page 4 COMMITAdded two new methods for
SWN |5V} [ user management
e on : 18 Jul 2013
Calendar % COMMITon/swn @ Peportthis M hitpiiL27.0.0. UsvniccuSocialAwareness/Behaviourjava
o M hitp#127.0.0.1/syn/ccwSocialAwarenessiBehaviourjava -?l
Comment: Added twa new methods for user management AL t4; COMMIT : Added a new user's property
Bookmarkihis page 17 minutes ago - Comment - Like ‘ 19 Jul 2013
A M http:#127.0.0 LisvnfeeviSocialAwareness/Userjava
G Bob
& Peport this Hey Alice | see thatyou made a commit on the file Behaviourjavafile,
Which methods have you added ? Pre July 2013 Nex
7 minutes ago
Su Mo T We Th Fr Se
% Mice P ow o &
“ Ive added new methods to create and show a user (createUser, = N -
showllser) o 1 B
& minutes aga 7 8 9 10 11 12 13
49’ Bob 14 15 16 17 18 18 20
s0 your changes will notimpact on my work 21 22 23 24 25 26 27
5 minutes aga
2
Leave a comment
E ek | montn |
(&) SVN commit notifications on Elgg (b) SVN commit notification on the Calendar

Figure 1. The commit on the SVN produce automatically eventshe calendar and post on Elgg which can be commented. Eheeion the left shows
the interactions between Alice and Bob about a commit madAliog; the picture on the right shows the SVN activities oe ttalendar.

2 earch § Joh Home
ISISLab % @ .o
Ultima modifica . = //lagp through the string, counting numbers, letters & others
i=o0;
() cevf 85 &d 23h log  RSS while (s[il 1= @)
[~ addons/ 7 Tz g R if ((s[i] >= 'ar &6 s[i] <= '2)) {
= appsi 1 25d04hroot  Llog  RSS uppercase++;
- i++;
[ sy 82 7d0oh log  RSS }
T
[ otherf 54 8d 22h log  RSS
) scipts/ 52 8d 2%h log RSS cout << "Your string has " << uppercase << " upper case letter(s)' << endl;
|| SocialAwareness/ 85 &d 23h Log RSS : return 0;
Behaviour.java 83 &d 23h Log RSS
Library.java 85 &d 23h log  RSS
User.java 84 &d 23h log  RSS
Comments
= Alice
Comments “9 COMMIT : Solved the first excerise assigned this morning
5 Alice & minutes ago
D Today Twil work cn the Behaviour ciass n John
I think that T will not change the other dasses, Have you ever fried one of the new features of € ++11 272 .. something like the lambda expression
4 hours ago
4 minutes ago
;49 Bob
. . ™ Alice
£ Mlice, there s a typo n 3 Isbel defined in the Behaviour dass, B (e e, WSt
since you are already working on it could you correct it? bl
a minute ago n John
Alambda is an unnamed function that is useful (in actual programming, nottheory) for short snippets of code that are
W Alice . impossible to reuse and are not worth naming
Biob, done :) 3 minutes ago
just now
™ lice
““9 cool) ... it's sound like javascript .. an example 737
Leave a comment Remove edior

3 minues ago
B I U |se:=i= L e =] n John

char sf="our string . %
int Uppercase = 0;

std:for_each(s, s+sizeof(s), [&Uppercase] (char ¢) {

if (isupper(c))
Word count: 1p. y " Uppercase ++;
std:cout<< Uppercase<=<" uppercase |etters in: "<< s<= std::endl;
2 minutes ado
(a) SVN resources visualized as tree-structure on Elgg (b) Comments on a SVN resource

Figure 2. The SVN resources can visualized and commentedBigg. The figure on the left shows the tree-structure of uess on SVN and the
comments associated to a specific resource; the figure origtiteshows the source code of file on the repository; on thisAiice and John discuss about
the implementation of a simple C++ exercise.

« a comment is added on the corresponding resource nrechanism that allows easy team partitioning in subprsject
the repository (i.e., its tree-like structure represeatgf each time a file is committed, the comment generated also
shown in Fig. 2(b). contains the hashtag of the directory of root where the file is

Additionally, we implemented a hashtag mechanism sustored. If a group with such a name exists, it is notified.

that, when a comment contains for examfgievel oper s, When logged into Elgg, beyond the typical offered activi-
the group in Elgg (if existing) is notified, persistently, da ties, a user can:

News Feed Page. Each user subscribed to that group wilk visualize all the notifications triggered by the SVN ac-
be personally notified. We also added an automatic tagging tions;



o browse the repository, shown as a tree-like structufe The Teamwork Environment Component

inside Elgg; each item of the tree can be commentedThe Teamwork Environment Component includes the SVN

(see Fig. 2(a)); . .
. visualize the files and comments about them (see I:@erver module an the modules responsible of getting SVN

2(b)): 'sources, (i.e. the SVN Rempte Dat_g Int.erfacg and the SVN
, ,I' the events associated with commit actions o Web Ul modules) and producing notifications (|._e the Hool_<s
* V|s|uac|jze. h h h f th ."\%nager). We used the standard SVN Server without making
calendar; each event shows the name of the committg y change to its architecture. The Hooks Manager module
resource and its SVN comment (see Fig. 1(b)). uses thepost-commithook (a shell script) provided by SVN,
C. SocSVN Use Cases to intercept the events. Next, a PHP script notifies the cammi
In this section, we outline some use cases of our prodferformed on the repositories to the Notification Servee Th
of-concept system. We will discuss two different scenario§VN Remote Data Interface and the SVN Web Ul modules
the first involving programmers working on the same projeéfe part of the WebSVN software [26]. The SVN Remote Data
while the second involving students studying together dnterface represents the access point to the resourceseon th
programming exercises. SVN repository. It makes these resources available through
Implicit work synchronization: Bob is working on a standard HTTP request. We used this mechanism to get
the Java classUser.java and knows that it is re- a JSON representation of the data. From the SVN Web Ul
lated to other classes (via the UML Class Diagram), su¢hodule we have extracted (i.e. copy-pasted) the part of HTML
as Behaviour.java and Library.java. Suddenly, and CSS code to render the data in the interface of the users
through the social stream, he sees that Alice has just colmgged into Elgg.
mitted Behavi our . j ava. He can quickly comment on the
activity and discuss with Alice what changes have occurr&l The Bridge Component
and if they do impact or not on his current work. When T
potential conflicts are settled, Bob can continue his wolﬂsa

and f'r.“Sh i, comr_mttlng to the SVN repository the f'leand notifications (the Notification Server module) toward th
User. | ava (see Fig. 1(a)). : :
. . social environment.
Hours later, when Bob and Alice are offline (e.g., out for e . . .

) . . . . The Notification Server, implemented in PHP, listens for

a meeting), John begins his work @n brary. java. He g
. . tifications from the SVN Server and forwards them to all

was not online during the comments exchanges between BO :

. ; : connected clients on the Elgg Component.
and Alice (as often is the case, in large development teams,]_h Work Envi ¢ Call dul ; int di
cooperation may occur across different timezones), busshe i bet or trl]ﬁw;f)nmen kaEer_mo u etac SdaESI an Ilrt] ermed
aware of the dependencies and sees (from the Calendar Plu fy petween the Teamwork Environment and E1gg. It receives
e requests for resources from the Bridge Caller and gets th

shown in Fig. 1(b)) that Bob and Alice committed when h ;
was not connected. By accessing to the social network, aﬁa{respondlng responses from the SVN Remote Data Interface

checking theirs News Feed Pages (i.e., timelines), he iktyui ese responses are finally delivered to the Bridge Caller.
briefed and can proceed to commit or can further commen
if more synchronization of the modifications is needed.
Work collaboration: Alice and John, students of the The Teamwork Description Repository contains the XML
first year of a Computer Science programming course &if(s) that describes the resources available in the Teaknwo
studying together on a simple C++ exercise. Alice developssavironment(s). This file is used both by the Elgg Component
simple program to count the number of uppercase charactgsg the Bridge Caller, described later in this Section) town
available in a string, and when finished, she commits thige available resources and by the Bridge Component (by
file on the SVN. Bob receives a synchronous notificatiothe Work Environment Caller) to know which communication
and click on the name of the corresponding file startingaechanism is required to get each resource. Details abisut th
therefore, a discussion with Alice (see Fig. 2(b)). The ¢opfile are shown in Section V.
was about the knowledge of a new C++ expression (i.e.,
Lambda Expressions, anonymous function that maintaine st®. The Elgg Component
and can access the variables that are available to the erglos

scope). By also using the provided chat John is able to explai E_Igg, as des_crlbed n Section lll, is a pov_verful open source
to Alice how it can be used. social networking engine. From the technical point of view,

Elgg is written in PHP language and uses MySQL to manage
IV. SOCSVN DESIGN the persistence. It also runs on the LAMP stack (Linux-
In this Section we describe in detail how we have integratégpache-MySQL-PHP). Specifically, we have developed an
Elgg and SVN to implement the functionalities offered b¥elgg Plugin, that includes the module responsible of maragi
SocSVN. The overall system (shown in Fig. 3) consists afesources (the Bridge Caller module), notifications (thei-No
three Components (additionally, there is a repository of xrfication Manager module) and of managing the user interface
files), whereas each of them is composed by several modulgise Ul Management module).

he Bridge Component includes the modules responsible of
nsferring resources (the Work Environment Caller meyul

g’ The Teamwork Description Repository
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Figure 3. How modules of the Teamwork Environment and Eldgract with each other.

The Notification Manager registers itself as client for thd. Resource Delivery Service

Notification Server. It receives the synchronous and asyn-tn. resources Delivery Service manages the interactions
chronous notifications of the SVN actions to create entities,aqed to get the resources, requested by users through Elgg
which can be manageq by the UI Management module.  fom the Teamwork Environment. These interactions happen
The Bridge Caller (implemented in PHP language) asksnong the Bridge Caller Module (in the Elgg Plugin), the
for specific SVN resources to the Work Environment Calle{york Environment Caller Module (in the Bridge Component)
This approach allows the Bridge Caller to ignore the specifigyq the SVN Remote Data Interface Module (in the Teamwork
mechanism required to get the resource from the Team WagtKkyvironment Component).
Environment, so it can ask any resource (available in thel) The Bridge Caller Module:it asks for the required
XML file) without implementing the related communicationyesoyrces to the Work Environment Caller. The Bridge Caller
mechanism. Once received the resources, the Bridge Callghieves the information to locate the desired resourcechy a
makes them available to the Ul Management Module. cessing to a Work Environment Resource Definition XML file
The Ul Management Module integrates into the Elgg usgire., WERD) saved in the Teamwork Description repository

interface the Elgg entities corresponding to the requestgghown in Fig. 3). This file (a fragment is shown in Listing 1)
resources and the produced notifications. This module candeitains two different sections:

written from scratch or can leverage an existing Web user
interface of the Teamwork Environment resources. In ouecas
WebSVN provides part of the user interface fan&SVN.

o the < bridge_handler_con figuration > section, used
exclusively by the Bridge Caller Module, that defines the
information to create the communication channel with the
Work Environment Caller (i.e., its endpoint reference);
the < resources > section that defines how to get re-
sources on the Teamwork Environment; from this section
the Bridge Caller uses the information defined by the

V. SocSVN INFORMATION FLow < service > section, which defines the operation to get

the resources on the Teamwork Environment.
The communication between the Teamwork Environment
and the Elgg components is realized through two different ) _
. . . . . . 2ml versior="1.0" encoding="utf~8"?>
interaction mechanisms (shown in dotted boxes in Fig. 3§werd>
the Resource Delivery Servicend the Notification Service <bridge handler configuration>
The Resource Delivery Service is responsible to get the<bridgehandlerurl reference-
http://172.16.15.43/SVNBridge/bridgeandler.php
content requested by users through Elgg from the Teamwork jyiqge handler url_reference-
Environment. The Notification Service sends notificatiamir  </bridge handler configuration>
the Teamwork Environment to Elgg, to synchronously notify<resources
. . . <resource-

some events (i.e. commits, lock of files, etc.). In the foilogv ~communicationchanneb
we describe the implementation of such mechanisms. <communicationchannel class reference-

The information flow exchanged among all these compo-
nents and modules is described in the next Section. *



SVNCommunicationChannel Bridge Component) and the Notification Manager (in the Elgg
</communicationchannel class reference- Plugin).

icationch | - . . .
<£ﬁ$£';$ﬁt{g%flf£ gg—.??ﬁé?v?ebmﬂocatiom When specific actions happen in the repository, the Hooks

</communicationchannel params- Manager executes a custom program that sends a notification
</communicationchannet> to the Notification Server. The Notification Server receithes
<Sfr:\gﬁ]e;gemomen{,name> notification and forwards it to all the Notification Managers
<description>File content:/description> registered as listeners. The Notification Manager has tsterg
<params> ) itself as listener on the Notification Server, and therefonel|
<,<p§f;r;";><namacontenﬁocaﬂommam&</param> receives all the notifications about the events happening on
</Iservice> the Teamwork Environment. Such notifications will be made
</resource- available for the integration in the social user interface.
<<,x§rsd°>“r°es’ 1) The Hooks ManagerThe SVN server offers a hook

Listing 1. The WERD file used by both the Bridge Caller Moduted @he mechanism to trigger notifications by executing a scriptwhe

Work Environment Caller Module. some specific events happen. The script can receives asparam
eters information such as version number, name of the cldange

When received the response from the Bridge Compongasource, and so on. This script executes a PHP program

(e.g., JSON, XML, binary format), the Bridge Caller proass which creates a communication channel (a client socket) wit

it to build an object (regardless of the original responsefat) the Notification Server and sends information about the teven

understandable by the Ul Management Module, which makescurred on the repository.

the resource available into the Elgg user interface. Rintils 2) Notification ServerThe Notification Server receives the

object will be used by a widget defined by the Elgg Plugiipdates about the SVN events and sends the corresponding no-

to enrich the content with social dimensions (i.e., disimrgs tifications to all Notification Managers registered as hetes.
sharing, collaboration and so on). 3) Notification Manager: The Notification Manager re-

2) The Work Environment Caller ModuléEhe Work En- ceives updates from the Notification Server about the events

vironment Caller Module acts as an intermediary between thecurred on the Teamwork Environment (e.g. on the SVN

Teamwork Environment and the Bridge Caller. It provides $erver). It interacts with the Ul Management Module to

specific module, named Bridge Handler, that is responsibleyovide feedback to the users. In our proof-of-concept, the

managing requests received by the Bridge Caller. communication channel between the Notification Manager and
It must be emphasized that, for each resource availabletfi¢ Notification Server is implemented through Web Sockets.

the Teamwork Environment exists a corresponding servicé v/| THg GENERALIZATION OF THE MECHANISM

in the Bridge Component. To each service corresponds ag

. o OCSVN is a proof-of-concept of a mechanism which is
specific communication channel (RESTFul, Standard HTTiEl’deed enough generiC' the idga that working activities ca
e~ )

SOAP, and so on). Note that more services can use .
. o . trigger comments/events on a social network and that one
same communication channel. Specifically, for each availab ; .
n socially browse (comment, discuss etc.) shared ressurc

resource, the_Wo_rk Enqunment Caller uses from the WER;f:sgjlapplicable to Teamwork Environments besides SVN. In
file the following information:

_ _ .. the overall system, some modules are generic and do not
« a reference to the mplemgnta’qon of the communlcannguire changes, while other ones are application-spettiie
channel (hannel_communication_class_reference),  gpgiraction of the mechanism is depicted in Fig. 4, where
W'th cor(espondlng paramet_ers. . the application-specific modules are shown with a dotted-li
» information about the service: name, description angh jar
parameters (if any). This mechanism allows to enrich with Elgg-based team
3) SVN Remote Data Interfaceflhe SVN Remote Data awareness any (Web-based) Teamwork Environment; more-
Interface defines the access point to the contents of the -Teajjer, it allows to integrate multiple Teamwork Environment
work Environment. The access points can be implementedjith the same Elgg istance: for example to achieve notificati
any technology (RESTful, HTTP, SOAP, plain sockets, etcyn Elgg both about SVN and individual working activities on
obviously, the same technology should be used to implemejiher applications.
the communication channel on the Bridge Component. TheCurrently, we are working to apply the same mechanism to
SVN Remote Data Interface is WebSVN, that is a client SVNrovide Elgg-based team awareness to Galaxy, a web-based
which provides a Web user interface. It offers access to tpgatform for data intensive biomedical research [27].
resources through the HTTP protocol. In the following we are going to illustrate the modules

B. Notification Service which require some customization and the requirementseof th
' Working Application.

The Notification Service manages the notifications about
specific SVN events (i.e. commit, lock/unlock of files). IA- WERD files
involves the following modules: the Hooks Manager (in The WERD files are application-specific since they contains
the Teamwork Environment), the Notification Server (in thmformation to locate the resources available in the Tearkwo
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Figure 4. Generalization of the mechanism to enrich weledbd®amwork Environments (on the left side) with socialebeteam awareness (Elgg component,
on the right side). Only the modules with dotted-line bordes specific for the working application and require ad-hastamization.

Environment. The complexity of such files depends on thesage percentage exceeds a threshold).
complexity of the working application to integrate with the
social platform. C. The Remote Data Interface
The Remote Data Interface module is application dependent
B. The Hooks Manager since it allows to get the data from the Working Applica-
In general terms, the hooking mechanism is any technigtien, and, of course, each application has its own mecha-
to intercept events generated by an application during itssms. In CcSVN we used a web based tool, WebSVN,
normal usage. The purpose is to handle such interceptedachieve data from SVN through Web requests (Standard
events to augment the application behavior. In our case, tH&TP). In the other prototype based on Galaxy (currently
hooking mechanism is implemented in the Hooks Managemder development), the Working Application already affer
it is application specific because it depends on whether tthe possibility to get data through Web requests (Standard
application offers an hooking mechanism or do not. HTTP and RESTful Services). In general terms, a Web-based
In SocSVN we used native SVN hooks to trigger a PHRVorking Application is expected to offer methods to get data
script able to communicate to the Notification Server infarmthrough Web (HTTP requests). Therefore, the work required
tion about SVN events. However, if the Team Working Envito specialize the Remote Data Interface module for a certain
ronment does not provide an hook mechanism, it is possibleWimrking Application often is limited to identify the methsd
develop a proper system to intercept relevant events, diépgn provided by the application to get the data.
on the nature of the application. For instance, you can use .
a polling system to retrieve information from the output of- The Elgg Plugin
the application and then call a module (i.e., our PHP hook The Elgg Plugin is composed of several modules, whereas
manager) to generate a notification. This kind of approasbme of them do not require any modification for different
can be adopted in a number of scenarios. You can use Werking Applications, while others require specific cusipan
output of afile system change monitto create a notification tion. In particular, the Bridge Caller and the Notificatioraivt
when a user works on some files or directories; you can run éaer can be used without changes for any Working Application
regular intervals) a command line output analyzer to redrie(except that for optional customization of the notificagon
information about system usage (CPU, disk, processey, etdsualization). Some specific intervention is requiredrtstall
and send a notification if certain events happen (i.e. if ibk d the Plugin, to register the pages of the Plugin into Elgg.



The most relevant application-specific module is the Ueams (i.e. Elgg groups) may be created, that are interésted
Management module, since the integration of data in the uskiferent aspects (such as developers and system managjemen
interface depends on data type. The development of this medthin the same social platform. It is dynamic and flexible
ule is simplified if the Working Application is implementegt b since Elgg users may belong to different groups at once, and
following the Model View Controller pattern and alreadyes notifications are persistent within the group and can bdyeasi
a Web-based Ul: in this case, the Ul Management module caccessed at any time.
leverage on the View component of the Working Application. Conversely to other works [7], [10], [9], [10] which integea
In SocSVN the Ul Management module leverages the Wollaboration into working application, we offer team and
of WebSVN for the visualization of the tree of resources iworking awareness into the collaborative environment. ive a
Elgg. Conversely, the integration of notifications in theade to smooth the context switch between the individual work
Feed page, on the Calendar, on the groups and the synchroramgsthe collaborative phases through the automatic iniegra
advises are developed ad-hoc. Similarly, in the other pypto into Elgg of news (post, calendar events, notifications)uabo
based on Galaxy, some part of the Ul Management moduéam activities. This approach has two main advantages: on
leverages the Web Ul provided by the application itself,levhione hand, there is no work overload on the users (since the
other parts require specific development. news on Elgg are generated automatically); on the other hand

Obviously, the development of the Ul Management moduit is not intrusive in the individual work phase. Moreover,
can be more complex if the Working Application does nawhen users switch to collaborative phases they found on Elgg
provide a Web user interface or if the data to visualize arg veuseful news: this is crucial to scaffold users’ participati
complex. In CSVN the parts of the Elgg Plugin developedince a system with few contents is not attractive, and the fe
ad-hoc for SVN integration can be quantified in less than owentributors are further demotivated as they feel that dgbo
hundred code lines. else is contributing [4].

Moreover, the usage of a social network enriches the aware-
ness and collaborative dimensions which is less explored by
We summarize here the requirements on the Teamwalgrrent literature (see [17]): the Communication (in the 3C
Environment to apply the generic mechanism just describgdodel), the Informal and Social Awareness (in the Gutwin’s
The Teamwork Environment must adopt open standards fwareness Framework). The Communication is supported
communication and offer publicly accessible API for datasynchronously via posts and comments and synchronously
access. Moreover, to be easily integrated with Elgg, it &houhrough the chat provided by Elgg. These communication

« be Web-based: if not, some amount of work is requireghannels allow users to express thagdinionin contextualized
if one wants to show the content of the Teamworkonversation (comments on SVN actions and SVN resources);
Environment in the social network; these conversations, built around a topic or a post, intplici

« be open-source: it should be possible to “take out” (paprovide awareness about tieerest levelof users involved.
of) the WebUI of the Teamwork Environment and bringchances ofnformal communicatiomnd sharing oemotional
it in the Elgg plugin; feelings are offered by typical social network interactions.

« follow MVC pattern: this facilitates the work of the Additionally, the system offerpresence indicatiom the chat;
designer, by easily identifying the components that agFoviding presence indication in Elgg and not in the work-
involved in visualization and data model; ing environment implicitly provides also information atiou

« provide the Visualization part exclusively on the clienuser'savailability to collaborate. All these elements (opinions,
side: some architectures have their Visualization layat thinterest levels, informal communication, emotional feg,
is partly based on server-side widget/components, whiphesence, availability, etc.) are the aspects which defiee t
makes more complicate the integration in Elgg, that isformal and Social Awareness.
facilitated, on the contrary, if a client-side Visualizati Several aspects of our research deserve further invastigat
layer is offered, e.g., with a combination of JavaScrigdf course, we have to conduct some experiment to evaluate
and HTMLS5; effectiveness and acceptance of our system among users.

Potential problems could arise for the information ovedloa

VII. CONCLUSIONS AND CURRENT AND FUTURE WORK  that could be generated by aggregating diverse and ditferen

The goal of our paper was to present a generic mechani$samwork Environments into a single social interface that
to provide team awareness through the integration betweenocauld generate information that could easily overcome the
social platform and a Teamwork Environment. Our proof-okills of the users, if not accurately trimmed down and care-
concept prototype, &SVN, has been described in detailully configured. It would be necessary to support the design
and, then, we explained how the mechanism can be imps® that easy configuration of the amount of natifications to be
mented with other Teamwork Environmentso&VN will  delivered to the social interface is provided to desigresvu
be soon released as free and open source software. We wil\nother aspect that requires our attention is the authentic
provide ready-to-deploy solutions, but we will also offdg& tion service. When numerous components are to be integrated
Plugin templates to integrate additional Teamwork Envirothe user account management could easily become compli-
ments. CSVN provides heterogeneous social awarenessted. Indeed, in the actual implementation each system has

E. Requirements on Teamwork Environment



its own user management mechanism and their integration h@s C. Dugan, W. Geyer, and D. R. Millen, “Lessons learnednfrblog
been one of the challenges faced during the developmem. Cur Muse: audience-based inspiration for bloggers,Pinc.of the SIGCHI

rently, each user has the same credentials on both the sytems

Conf. on Human Factors in Computing Systeser. CHI '10. New

York, NY, USA: ACM, 2010, pp. 1965-1974.

Of course we should make improvements to provide usefg] S. Xia, D. Sun, C. Sun, D. Chen, and H. Shen, “Leveraginlst

with a unigque access mechanism which automatically maps

users identities between the integrated systems. Funtieref

work will consider including secure authentication scheme [8]
to ensure the scalability of the solution with respect to the

number of Teamwork Environments and the number of users.
This aspect will be complemented by the need of secure com-
munication, actually non supported in our proof-of-cortcepl®]
prototype. For 8cSVN our idea is to adopt symmetric

encryption algorithms, and specifically, the Kerberos geot

[28], since it provides a secure channel over an insecutél
network. We plan to integrate our system and Kerberos by
adding the Key Distribution Center on the Bridge Component.
The Work Environment Caller and the Remote Data Interfaé!l
represent the Service Servers (SSs) components in ounsyste
enhanced with Kerberos. If the Remote Data Interface ayread

user applications for multi-user collaboration: the cadv@pproach,”

in CSCW '04: Proc.of the 2004 ACM Conf.on Computer Supported
Cooperative Work New York, NY, USA: ACM, 2004, pp. 162-171.

I. Manno, F. Belgiorno, D. Malandrino, G. Palmieri, D. rézzi,
and V. Scarano, “Introducing collaboration in single-us@plications
through the centralized control architecture,”@ollaborative Comput-
ing: Networking, Applications and Worksharing (Collabt@&om), 2010
6th International Conference 012010, pp. 1-10.

S. Hupfer, L.-T. Cheng, S. Ross, and J. Patterson, “thicing Collab-
oration into an Application Development Environment,” Rmoc.of the
2004 ACM Conf. on Computer Supported Cooperative Wk CSCW
'04. New York, NY, USA: ACM, 2004, pp. 21-24.

F. Belgiorno, I. Manno, G. Palmieri, and V. Scarano, gadmentation
tools in a collaborative development environment,”Rroc. of the 7th
Int. Conf. on Cooperative Design, Visualization, and Eegiting 2010,

pp. 39-46.

F. Calefato, D. Gendarmi, and F. Lanubile, “Embeddingial network-

ing information into Jazz to foster group awareness withstrithuted
teams,” INSOSEA '09: Proc.of the 2nd Int. Workshop on Social software
engineering and applications NY, USA: ACM, 2009, pp. 23-28.

provides a security mechanism for data access, then we €egh B- Hoisl, W. Aigner, and S. Miksch, *Social rewarding wiki systems,

use it and avoid to consider this module as Service Server

motivating the community,” irOnline Communities and Social Comput-
ing, ser. LNCS, D. Schuler, Ed. Springer Berlin Heidelberg, Z0@l.

of the Kerberos protocol. The adoption of Kerberos allows to 4564, pp. 362-371. ‘
manage users so that each SVN and Elgg user is mapped [#tb R. Farzan, J. M. DiMicco, D. R. Millen, C. Dugan, W. Geyend

a unique Kerberos account. This support scalability resjoec
the number of Teamwork Environments and the number of
users. Of course, the authentication and security Iayeecba%

on Kerberos can be easily generalized as in Sec.VI.

The mechanism we described is generic enough and we

illustrated via a working proof-of-concept prototype, e

are currently working on its application in another context
integrating social awareness for a well known bioinforiweti [17]
collaborative environment, Galaxy [27]. Some other proto-
types are also planned, such as integrating phpmyadmin as
Teamwork Environment for facilitating the management df8]

complex MySQL databases. Other examples that are plan
involve the monitoring of complex clusters and heterogeise

personal applications.

REFERENCES

[1] J. Grudin, “Why CSCW applications fail: problems in thesijn and

(2]

(3]

(4]

(5]

evaluation of organizational interfaces,” Proc.of the 1988 Conf. on [22]

Computer-Supported Cooperative WorkNew York, NY, USA: ACM,
1988, pp. 85-93.
L. J. Holtzblatt, L. E. Damianos, and D. Weiss, “Factargpieding wiki

use in the enterprise: a case study,"Ghll '10 Extended Abstracts on [23]

Human Factors in Computing SystemsNew York, NY, USA: ACM,
2010, pp. 4661-4676.
M. Prilla and C. Ritterskamp, “The interplay of web 2.0dacollabora-

tion support systems: Leveraging synergies,Fiom CSCW to Web2.0: [24]

European Developments in Collaborative Design. Selectggei? from
COOPO08 D. Randall and P. Salembier, Eds. Springer, 2010.

S. Dencheva, C. Prause, and W. Prinz, “Dynamic Self-matt@ in a
Corporate Wiki to Improve Participation and Contributiomaty,” in
Proc. of the 12th European Conf. on Computer Supported Gatipe
Work, Aarhus Denmark Springer London, 2011, pp. 1-20.

L. Nelson, G. Convertino, H. Chi, and R. Nairn, “Studyitige Adoption
of Mail2Tag: an Enterprise2.0 Tool for Sharing,” Proc.of the 12th
European Conf. on Computer Supported Cooperative Workhusar
Denmark Springer London, 2011, pp. 41-60.

i

distributed computational environments as well as a set of

E. A. Brownholtz, “Results from deploying a participationcentive
mechanism within the enterprise,” iRroc. of the SIGCHI Conf.on
Human Factors in Computing Systenser. CHI '08. New York, NY,
USA: ACM, 2008, pp. 563-572.

Elgg, “Open Source Social Networking Engine,” httwww.elgg.org/.
R. E. Kraut and L. A. Streeter, “Coordination in soft@atevelopment,”
Commun. ACMvol. 38, no. 3, pp. 69-81, Mar. 1995.

C. Gutwin, R. Penner, and K. Schneider, “Group awargieslistributed
software development,” ifProc. of the 2004 Conf. on Computer Sup-
ported Cooperative Work NY, USA: ACM, 2004, pp. 72-81.

I. Steinmacher, A. Chaves, and M. Gerosa, “Awarenegspat in
distributed software development: A systematic review arapping of
the literature,"Computer Supported Cooperative Work (CSCVH). 22,
no. 2-3, pp. 113-158, 2013.

C. A. Elliis, S. J. Gibbs, and G. Rein, “Groupware: somsués and
experiences,Commun. ACMvol. 34, no. 1, pp. 39-58, Jan. 1991.
H. Fuks, A. Raposo, M. A. Gerosa, M. Pimental, and C. LWRena,
Encyclopedia of E-Collaboration. Hershey: IGI Global, 2008, ch. The
3C Collaboration Model, pp. 637-44.

U. M. Borghoff and J. H. SchlichteiComputer-supported cooperative
work: introduction to distributed applications Springer, 2000.

C. Gutwin, S. Greenberg, and M. Roseman, “Workspacerevess in
real-time distributed groupware: Framework, widgets, amdluation,”
in People and Computers XIW. Sasse, R. Cunningham, and R. Winder,
Eds. Springer London, 1996, pp. 281-298.

R. Hegde and P. Dewan, “Connecting programming enwi@mts to
support ad-hoc collaboration,” iAroc. of the 2008 23rd IEEE/ACM Int.
Conf. on Automated Software Engineerisgr. ASE '08. Washington,
DC, USA: IEEE Computer Society, 2008, pp. 178-187.

G. Fitzpatrick, P. Marshall, and A. Phillips, “CVS imeation with
notification and chat: lightweight software team collatiorg” in Proc.
of the 2006 Conf.on Computer supported cooperative wa@k6, pp.
49-58.

H. Bani-Salameh, C. Jeffery, and J. Al-Gharaibeh, “Aiab collabo-
rative virtual environment for software development,”Qollaborative
Technologies and Systems (CTS), 2010 Int. Symposiyr20d®, pp.
46-55.

“Apache Subversion,” http://subversion.apachd.org
WebSVN, “Online subversion repository
http://www.websvn.info/.

Galaxy Project. [Online]. Available: http://galaxygect.org/

browser,”

[28] Kerberos. [Online]. Available: http://www.kerberosg/



