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ABSTRACT

Software projects typically rely on system analysts to conduct requirements elicitation, an
approach potentially costly for large projects with many stakeholders and requirements.
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This paper describes StakeSource2.0, a web-based tool that uses social networks and
collaborative filtering, a “crowdsourcing” approach, to identify and prioritise stakeholders
and their requirements.

AT,

RAT—ORIVFTEBELDBEREEEL, BEIBRDF5:=0IZT050RY—205 107 70—F,
V= LRI =Y BT LR T E L. Web R—XDY—)L StakeSource2.0 2D
WTERBAY 5.

KON =207 EEFEITBRERMEEHLLT. FRESHDARIC(AUE—RybE
NLOMEFZEREIT HE

KGR TAILBI T BRI DEIFEHRZEEL. HEH1— Y LEFORLULtD1—
HOBHEAVTEEBMNICHREIT O AR

General Terms
Management, Documentation, Human Factors.
B XE AHER

Keywords
Requirements elicitation, social networks, collaborative filtering.

BRER, Vv RrobD—0, HBET1LRIT

1. INTRODUCTION

StakeSource2.0 is a novel tool that identifies and prioritises stakeholders and their
requirements using social networks and collaborative filtering.
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This tool “crowdsources” stakeholders at the start of a software project, using their stake or
interest in the project to motivate their input.
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StakeSource2.0 builds on, and substantially extends, StakeSource, a tool that uses social
networks for stakeholder analysis [1].
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StakeSource was presented in the formal tool demo track of ICSE’10, and has been used in
various software and non-software projects to identify stakeholders [2].
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StakeSource2.0 adds support for requirements identification and prioritisation.
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This paper describes these new features.
ARTIE, CNoDFEEEICDOWNTEREAT .

Requirements elicitation is a critical step in software engineering, as incomplete
requirements are frequently cited as one of the main causes for project failure [2].
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Requirements need to be prioritised, as there are usually more requirements than time and
budget allow to be carried forward.
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Traditional techniques, in which system analysts interview stakeholders to identify and



prioritise requirements, do not scale to large projects with many stakeholders and
requirements [3].
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Often, only a subset of stakeholders is consulted.
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As a result, elicitation and prioritisation is biased towards the perspective of those
stakeholders, and critical requirements may be omitted or wrongly prioritised [2].
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To address these problems, StakeSource2.0 automates a method developed in previous
research, which consists of two parts [2]:
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® Stakeholder analysis. ARTF—2HRILE S
Identifies stakeholders by asking them to recommend other stakeholders, builds a social
network of stakeholders from their recommendations, and prioritises the stakeholders
using social network measures [4].
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® Requirements elicitation and prioritisation. ZEREF LB EIBRLFT T
Identifies requirements by asking stakeholders to suggest and rate requirements,
recommends other requirements of interest to them using collaborative filtering, and
prioritises the requirements using their ratings weighted by their priority in the social
network [5].
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This method has been evaluated in a substantial real-world software project, RALIC (the
Replacement Access, Library and ID Card project) in University College London [2, 4, 5].
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Results show that the method identifies a comprehensive set of stakeholders and
requirements, and accurately prioritises requirements.
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StakeSource2.0 supports both the stakeholder analysis, and the requirements identification
and prioritisation part of the method.
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It is intended for projects with a large number of stakeholders in distributed locations.
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It automatically collects requirements and their ratings from each stakeholder, runs the
collaborative filtering algorithm, recommends other requirements of interest to the
stakeholders, and calculates the priority of each requirement.
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The tool complements existing requirements management tools, such as CaliberRM,
DOORS, Objectiver, RequisitePro, and Scenario Plusl, which are largely intended for
specialist use [6].
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The StakeSource?2.0 features described in this paper include:
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the collection of requirements and their ratings, recommendation of other requirements of
interest, prioritisation of requirements, and visualisation of the stakeholders’ requirements
preferences on the social network.
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2. STAKESOURCEZ2.0
StakeSource2.0 provides the following features to identify and prioritise requirements?.
StakeSource2.0l&, ZERZHAIL, BEIBL T H1-DIC, ROBEETIRIET S.

The features are illustrated using data from the RALIC project.
WHEE, RALICTOD 2O OO T—42%F AL THRBASNS.

Feature 1: Identify Requirements ZE3RD 5

StakeSource2.0 identifies requirements from a large set of stakeholders to increase the
completeness of requirements.
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Example.

In StakeSource2.0, the system analyst provides the list of requirements elicited from
interviewing an initial subset of stakeholders.
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Based on this list, StakeSource?2.0 returns the requirements from all stakeholders.
ZDYRMMZEDE, StakeSource2.0lE, TRTHDRT—IHRILEMNOEREIRT .

How StakeSource2.0 does it. EDEKSIZFTSDH
Requirements are organised in a simple hierarchical structure in StakeSource2.0, where

child nodes are more specific than parent nodes.
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Analysts and stakeholders can provide requirements and their descriptions at any level.
TFURMERT—IRILAE, FEDOLARLIZEWTEREBODHBAZIRMTHIEAHFE
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StakeSource2.0 identifies requirements by asking stakeholders to rate a given list of
requirements and suggest other requirements.
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To use the tool, the analysts create the project and enter a project description.
ZDV—IVERAT B0, THFIRNME, TRz IREERL, TR INDEHRBAEA DT
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StakeSource2.0 asks stakeholders for requirements by sending an email to each
stakeholder, and uses the project details to inform the stakeholders about the project.
StakeSource2.0l&, ZNENDRAT—IHRILFITA—)LEEETHILITELT, RT—UFRIL
FIZEREZZND.
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The email contains a link that will bring the stakeholder to a requirements elicitation and
rating form (Figure 1).
BFA—IIE, AT—UHRLEIC, BEREGLRIDFMHRERTI 5B =0T)IVIEET.

Figure 1. Requirements elicitation and rating form.

BEREGLAMER

In this form, the stakeholders provide new requirements, and rate new and existing
requirements.
CORIZENT, RT—IRIVF (X, Fi-BBERERYL, F-LEREBEFOERETEHT 5.

A five-star rating means the requirement is very important to them, one-star means it is
unimportant.
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Stakeholders can also vote against requirements (e.g., as shown by the “no-entry” symbol
in Figure 1).
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Feature 2: Prioritise Requirements ZE3RD@5IERL{T T

StakeSource?2.0 prioritises requirements using the stakeholders’ ratings on the requirements
and their influence in the project.
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Example.
Because the system must be delivered rapidly, not all requirements can be implemented.
AT LIE, BRICREESNGFINIXESENS, BRDVTRTERESNGLHLERSAL.

StakeSource2.0 informs the analyst that the requirement “centralised management of
access and ID information” is more critical than “exporting data to student systems.”
StakeSource2.0(%, IIDIEMET V EREHEE |IDERIE, FESXTLICT—HEIIRR
—FFBIEIKYLEYVEETHAELDI LR, THIANMIBERMT 5.

How StakeSource2.0 does it.

StakeSource2.0 aggregates each stakeholder’s private judgements about a requirement’s
importance into a prioritised list of requirements.
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To do so, the stakeholders’ ratings on a given requirement are weighted by their project
influence [2].

INETIOIC, BAONEZERORT—IHRIVE DML, TOPIIDERIZE>TEH
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Each requirement is then given a relative priority calculated by the sum of the weighted
ratings for that requirement and presented as a prioritised list for the analysts (Figure 2(A)).
TNTNDERIE, ZTOB, BERICHLTEADTonFHED AL TEHESINT, HHxt
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A stakeholder’s influence in the project is calculated using the betweenness centrality
measure in the stakeholder network;

TOCIIMIBITBRT—IHRILE DEEIE, RAT—IRILEDRYET—II2ET5HELD
EZMOFMEREZFIAL, SHESNS.

M betweenness centrality measure —faJ"AL---+?

this measure ranks a stakeholder by summing the number of shortest paths between other
pairs of stakeholders that pass through that stakeholder [4].

COREIX, RT—IRILEZRIET H, AT—IHRILT DMORTEOREREROBEEEHT
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The measure is used as it produces the most accurate prioritisation [2, 4].

TORER, RLE#EGEEIRMZERTSDOT, FIAShD.

To improve the quality of prioritisation, the analysts can merge different statements referring
to the same requirement.
BEIBLATOREZRALESELOIC, 7THIAME, RILERZSBLTWSEGLIEREY
—UFBHIENARETHS.

Future work will consider crowdsourcing the stakeholders to detect duplicates and improve
the quality of the requirements, as well as integration with existing requirements
management tools to support other methods of eliciting requirements (e.g., use cases, user
stories, and goal modelling).
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Feature 3: Recommend Requirements of Interest BEBRDHEHERDHEE
StakeSource?2.0 predicts a stakeholder’s preference on unrated requirements using
collaborative filtering techniques, and then recommends requirements with the highest
predicted ratings to the stakeholder.
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Example.

StakeSource2.0 sends an email to Janet, one of the stakeholders, suggesting that she may
be interested in the requirement “combine ID card and session card.”
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The requirement is very important to Janet and she gives it a five-star rating.
ZDERIE, SvRIMMIESTEEICEETHS.
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How StakeSource2.0 does it.

Based on all the stakeholders’ existing ratings on the requirements, StakeSource2.0 uses
collaborative filtering to predict a stakeholder’s preference for an unrated requirement.
FTRTDRAT—IRILT DERIZE T LHBEFOFFHEICEDE,
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This feature supports requirements prioritization by recommending[requirements that are
identified by only a few stakeholders]to[other stakeholders who may need it.]
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Collaborative filtering is a technique used in recommender systems to predict a user’s
preference on an unrated item [7].

BTN T, REHEDIER ICEWTA—F OPFAHEFFRT H0IC, HBELRATLT
FASN AR THS.

It does so by collecting preference information from many users.
N, BRI HoDEFDIERZINET S EICE>TITHNS.

For example, Amazon uses collaborative filtering to recommend products to their

customers.
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Recent research has also used collaborative filtering to recommend discussion forums of
interest to stakeholders during requirements elicitation [8].
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StakeSource2.0 uses the item-to-item collaborative filtering algorithm [7], whereby

predictions are generated based on similarities between items (a user who likes item x may

also like item vy).

StakeSource2.0l%, FAIHNERE OFELUEFEERXEFCI—HYI(X, BRybIFESTHHATHEN
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M item-to-item collaborative filtering algorithm : Amazon CHIFHESN TS 7 LT X L
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The algorithm matches each stakeholder’s rated requirements to similar but unrated
requirements, and then combines those similar requirements into a list of recommendations
for the stakeholder.

ZDT7NTVRLIF, UTOEARFHEDEKRIZENENDRT—IHRILE OFHELI-ER%E
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To determine the most similar match for a given requirement, the algorithm finds
requirements that stakeholders tend to need together.

BZoNEERIZHLT, RUELLE—EERET H=0IZ,
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For stakeholders who provided insufficient ratings to generate recommendations,
StakeSource2.0 presents them with a list of most highly rated requirements.
HRFEZERT DIFEF+HLEFEE RGBT —IRILF TR,
StakeSource2.0l%, L EFHBSN-ERD ALERLIZIRTT 5.

Recommendations approved by the stakeholders are added to their set of ratings.
AT—OHRIE DEBEAHTHAMREEIL, KoDFHIDESICEMENS.



Feature 4: Highlight Stakeholders in Conflict FETARTF—IHRILE D&
StakeSource2.0 highlights stakeholders with conflicting preferences for requirements and
reveals their position in the social network.

StakeSource2.0l&, BRIZH L THR T 2FAEFODRT—IRILIEEAT (B 5).
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Example.

StakeSource2.0 reveals that many stakeholders oppose the use of their access cards as
bank cards.

StakeSource2.0(&, ZLDAT—IHRILED, SRITHA—FD LTSN TV EAA—FDOFIAIC
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One of them is Richard, the director who is central in the stakeholder network.
RF = RLE RIRT—DICBNTEETHETALII—THS,
AT=IHRLED—AD)F¥—RTHS.

How StakeSource2.0 does it.

Selecting a requirement highlights stakeholders in the social network who rated it positively
(in green) and those who rated it negatively (in purple) (Figure 2(B)).

EROFRIE, V—IvIILRrybT—I(2ENT

BBNICENE BT R T—OHRILA (fk )L,

EBRIZENZ BT 2R T—URILE (B R), Z8FAT SH(R2(B)).

Attention should be given to a requirement if many stakeholders are in conflict, or if the
stakeholders in conflict occupy central positions in the network.
ZLDRT—IRILEDNHEELTLNDIGE,
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Selecting a stakeholder enables the analysts to view their requirements (Figure 2(C)).
AT—=IRIVEDERIE, FHIAMEODERERDCENTELHEIITTS.

Future work involves clustering stakeholders by their similarity to identify stakeholders who
have highly dissimilar requirements preferences.

FEDFB, FBITUTOENERDIFAZFDRT—IHRILIEHANT H1=0IZ,
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3. IMPLEMENTATION =%

For the implementation of StakeSource2.0, previous research [2, 4] identified the following
key requirements.

StakeSource2.0MEEIZDWTIE, £ITHED, ROEBELGERERELT-.

® The tool should be widely available and easy to use to encourage a sufficient number of
stakeholders to contribute their requirements and ratings.
COY—IUIE, RT—=URIVE DEREFIBICEIMT 5702, RT—VRILT D+
BENNTE-8, FELFL, BIELFIATFRETHEIRNETHS.

Figure 2. StakeSource2.0 screenshot:
(A) Prioritise requirements ER DB 5IBELLfT 1T
(B) Highlight stakeholders with conflicting preferences
BETEIRHEFODRAT—IRLE DHR
(C) Display stakeholder requirements. XF—2HRILE DERDE T

® The analysts should be able to interact with the Ul to explore the list of stakeholders and
their requirements.
TFHIRME, RTF—=IHRIVF DVARERT—IRILE DEREFRT =012, UEERET
ERFNIEHESEL,

® The collaborative filtering algorithm should incorporate new ratings of requirements
dynamically.
BTN R) T TIVT) X LI, BIRICEROFLVEHEZ A CFR TN IEEsa0.

The following design decisions were thus made.
ROEIGHRET EDRED, CORIIELNT-

® \Web-based.
StakeSource2.0 was implemented as a widely accessible web application using standard
web technologies such as HTML, CSS, XHTML, PHP, and JavaScript.
StakeSource2.0l%, HTML, CSS, XHTML, PHP, JavaScript® & 375424 (73 Web 172 F|
AL, [TV RAA§GWeb 7 T r—Sav L TEESIT-.

MySQL was used for data storage.
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® Standard interface and help. Z# A2 271 —REANLT
The rating form (Figure 1) was implemented using standard survey interface from the
Smarty Template Engine®.
FHME R (K1)1&, Smarty Template EngineM s> DIZEREA 27— REF| AL, EESHh
1=

Tool tips and pop-up help were supplied to assist stakeholders.
Y—=IVFVTERYTTIINITE, RTF—IRIFTEZIET H-DICHiGSh -
KY—ILF VT h—VIL(EITIIRRAUA) EEEBLTHEASN S, 21— h—VILEf
MNDEBICEOLEEE,. TOEBICBEVLWDSAEELIIGH T/INSLGRANHIEL. DRI
[FTFIRNESN-IEB AT S B IFWHA RTINS,

® \Well-established software components. +# 2L SNz TRz 7aviR—Rk
The Slope One collaborative filtering algorithm was used as it meets the real-time
recommendations requirement [9].
AO—=TIUBRTAINBI T TILT) X LIE, YT ILEA LOHBEREEH-LTLNDEL
THIASNT=.

Flex Visualizer* was used for its interactive network visualisation.
Flex Visualizerl&, MARRYET—IDARILDF-HIZFIFAINT-.

StakeSource2.0 is available from the project website®.
StakeSource2.0 (X, 7O TID Web S bS5 AF A RETHS.

4, CONCLUSIONS
StakeSource2.0 is simple but has proven in early trials to be a powerful and useful tool.
StakeSource2.0l%, B#iTHAD, A THEWZLGESLSMEARITTEISN TS,

It extends the stakeholder analysis features in StakeSource to support the identification and
prioritization of requirements.

StakeSource2.0l%, ERDEFLEBEIBGLFT (TEYHR—MT 57812, StakeSourcelZHI115
AT—ORIVE S OHEEEHRRLT-.

It proposes a shift from current practices where system analysts conduct requirements



elicitation, to a crowdsourcing approach where all stakeholders have a say.
hiE, DRTLTFIAM, BERERFERET SIREDETHODIINERELTNS.

In doing so, it reduces the analysts’ workload, increases the completeness of requirements,
and accuracy of their prioritisation.

Z595HIET, THIANDEREBITEAL,
BEROBEIBLATORELEROTEMEEEMT S,

To date, more than 10 projects have been using the stakeholder analysis features.
WAFETIC, 10U EDTADIID, RTF—IHRILE ST OBEEZFIALTLNS.

The next step is to release the requirements identification and prioritisation features
described in this paper to current and future projects.

RDRATYTTIE, BEEFEOTOSIHOMD=HIZ, ZOHRIXDPTEHRALT-
ERDBEANEBEIFLLAT T DHERET ) ) —RXTHILETHS.
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