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Abstract—Teaching requirements analysis to computer science companies. All these initiatives confirm the vitaliof the

and information system students raises a number abfallenges.
One of the most critical is the gap between skilleded to deal with
software requirements and those necessary to gridsp business
problems. To bridge that gap in teaching requiremenanalysis
students would have to carry out an assignment afalyzing
requirements for a non-trivial, term-sized projedtlere we analyze
the gap and propose a framework for student progeawhich
integrates a model of the computer based systena a®lution to
business challenges into a template for a businesguirements
document. The first model comes from information ssgms
literature and the second from an object orientedadysis approach
for business analysis. A CASE (computer aided saitsv
engineering) tool to support UML (unified modelindanguage)
modeling is also used and we give some guidelimesetuce risks
of premature requirements modeling due to studentshdency to
start modeling, even if business analysis and raquoients
elicitation have just started. The proposed frameaiwchas been
defined in many years of teaching and allowed teeomome some of
the limitations of a traditional UML-focused course Student
projects of different academic terms — in differemburses and
different degrees — showed improved requirementsdels and
better comprehension of the role of requirementstire later terms.
Moreover, the students appeared to have greatereres$t and
motivation towards this area of software engineegin

Index Terms—requirements elicitation, UML, business object-
oriented modeling, business requirements

|. INTRODUCTION

The term ‘software engineering’ dates back somey for
years ago, and ‘requirements engineering’ is meoent, but
for establishing a discipline in a university degrirriculum it
could be a short time.

In industry, even if many studies have reporteddtfitical
role of requirements for the success of computsethaystems,
requirements analysis and modeling are not alwaysqd the
software development projects (see, e.g. the Sthr@ioup
reports http://blog.standishgroup.com). Dedicatedrhational
conferences, such as the Requirements EngineeRig) (
series, which started in 1993

discipline and a high interest for requirementsnirdoth
industry and academia.

As regards the educational contexts and challeageper
se subject, requirements engineering education aaiding is
the focus of the REET (Requirements EngineeringcEtion
and Training) workshops (www.ics.uci.edu/~bpenzens/
2014reet). Of the papers published in the CSEE&E@edings
(Conference on Software Engineering Education amadhing,
conferences.computer.org/cseet) only a limited remare
about requirementsin average, one a yearand most of them
analyze specific issues, e.g. security requiremgljtor the
problem of prioritization of requirements [2]. Nakai et al.
[3], propose the design of a requirements engingecburse
for senior engineers. A comprehensive survey of dingent
research on requirements engineering educatioriven goy
Ouhbi et al. [4].

Almost all the methods of teaching computer scicagree
on the need to adopt an activity based approaahjghwhat in
[5] is called an ‘active-learning-based teachingdeib In
requirements engineering courses, it also imphesdefinition
of a suitable student project. Many authors underihat a real
industrial project would offer the best educatiomaintext.
However, didactic and organizational constraintsidbalways
allow proposing this kind of project in universigourses.
Other educational approaches, e.g., the one dedcrily
Fernandes et al. [6], introduce a curriculum forftvgare
development professionals with experience in deietp real
software solutions. But this is not the case foivensity
students. Even students of a computer science eefyrenot
always have experience in real projects. Anotheblem in
teaching requirements analysis is due to a lowréstein the
subject: real projects require a comprehensiomhefcompany
or organization domain and of their business chghs. For
students in computer science and information systdahese
are — for different reasons — not primary subjetigterest.

The purpose of this paper is to report an apprdach

(http://requirementsstydent projects which has been defined in aboentyvyears

engineering.org), or the REFSQ working conferencegs teaching in university courses to both softwengineering

(Requirements Engineering: Foundation for SoftwQrality,
www.refsg.org), among others, do include in thaiograms
industrial tracks and invited speeches of repregeet of

and information systems students. The approachssdon a
framework that allowed to overcome some of thethtions of
a traditional UML (unified modeling language) foedscourse.



The project foresees the accomplishment of busiress
requirements analysis activities for a quasi-reajqet, that is
for a project in a real context, whose characiesstatisfy time
and other constraints of an academic course. Stadgoups
have to realize and document the project followantgmplate
which integrates a model of the computer basecdesysts a
solution of business problems into a structurediness
requirements document. The first model
information systems literature [7] and the secomumf an
object oriented analysis approach for business/sisdg].

In the rest of this paper, Section Il describes mhein
challenges in teaching requirements engineeringticse Il
presents the template for a student project th&wsl
addressing such challenges, gives some remarkguagelines
to apply the project framework and a preliminaryidation
referring to the guidelines illustrated in [4]. 8en IV
concludes the paper with an outlook on open questand
future work.

Il. CHALLENGES IN TEACHING REQUIREMENTSANALYSIS

Teaching requirements analysis is challenging imyma
ways. The main positive and negative aspects, safméhich
have been mentioned in the introduction, can hetithted with
a SWOT (Strengths, Weaknesses, Opportunities, dneais)
matrix (Fig. 1). As is often the case, some ofstrengths are
such only if accepted as stimuli by the lecturer.

Firstly, requirements analysis is a multidiscipfinactivity
that employs a variety of methods and techniquedifigrent
stages of development of computer based systenahifg
requirements engineering demands further effortske into
account the business analyst's and the softwarénesrs
points of views. In particular, the scope of a pobjcan be
correctly defined only if the business goals angllehges have
been identified and analyzed and this requiredsskityond
requirements modeling and specification [8], [9].
multidisciplinary subject naturally induces to agll problems
in a rational way, promoting computational thinkifig] and
group work to exploit cooperation among people wlifferent
expertise [11].

Another challenge in teaching requirements analgsits
recent development as an autonomous research andtiechal
area, at least if compared to other areas of canpmaiences.
This implies that many graduation programs do notuide a
dedicated requirements analysis course. Being pfrthe
software or information systems development prgces
requirements engineering is often taught (only) throse
courses. In this way, usually a limited number ofits can be
dedicated to requirements analysis, with the retdin, if any,
of toy projects. In turn, this fact sometimes iraglithat the
assigned textbooks cover the information systemsoftware
engineering content, whereas requirements are bk sawion
of the content. Besides, while for students of cor@pscience
degrees requirements are perceived as not enooghptder
science’, for students of information systems, negoents are
too much ‘computer science’. These views are somthe
most critical experienced in about twenty yearteathing and
could be due to the common view of the field agmomming.

A

comes from

Weaknesses

Image problems

Time constraints

Students lack of interest

Toy projects

Threats

Not dedicated course

Misconception of the field

Lack of books for educators
5 Tool driven analysis

Strengths

Multidisciplinary field

Promote problem solving
(computational thinking),

and group work

Opportunities

Interest of companies for
business analysts skills
Integration of real projects
Coordination with other course

Figure 1. SWOT matrix for teaching requirementdysis

This long-standing prejudice has been widely ingastd
[12]; authors in [5] underline that to overcomesitjdents have
to be taught what computer science is, its natndedgfinition.
An analogous factor that negatively impacts thelityuaf
requirements engineering courses is the tendencyhef
lecturers themselves to emphasize specificationamalysis,
probably for the same reasons highlighted in indalgtrojects
[9]. Also, in the author’'s experience, computerentsts
somehow consider functional specification and safen
development as a kind of ‘real’ computer sciencedeu-
estimating business requirements analysis.

Another problem arises when looking for textbooks
dedicated to ‘Didactics of requirements engineeringr
‘Didactics of software engineering’. You will noinfl many
references and there are not many for the didasticemputer
science either. Lecturers can design their reqirgsncourses
according to the corresponding subset of the softwa
engineering model curricula, or to syllabus of ifiegtion that
focus on requirements (e.g., the Certified Protesdi for
Requirements Engineering, www.ireb.org). Howevers a
curricula, they (have to) describe the ‘what’ — tlomtent to be
taught — and not much is said on the ‘how’, thabis the
didactic methods more appropriate to teach thattecn
Finally, when teaching requirements analysis, th@ae of the
modeling language is almost straightforward if yamopt the
de-facto standard, UML (http://www.uml.org). Theoplem is
that students of information systems often havenksh and
applied other languages to model business procedanel
goals (e.g., the BPMN, Business Process Model atdtidn,
http://mww.bpmn.org). A seamless approach wouldgssy
using UML models also for those modeling activities
solution that depends on an agreement with othetures.
UML diagrams can be realized with automatic tothere are
many of them and the choice of the one to be adofutea
Tourse is not simple. Beside technical and cosbfacthere are
features that force the students to follow whatdde called a
depth-first instead of a breadth-first modeling rageh. For
example, one of the most common of such featuredaged to
the opening of a form suggesting adding charatiesiso a
class or to a use-case at the moment of theirfiustycreation.
The form compels the students to focus on detsilsh as, for
example, values of the attributes for a class, feetioe overall
analysis of the class model has been completed alitthe
classes. At the same time, focusing on UML, teaclder not
always exploit the problem-solving nature of regmients
analysis and do start introducing UML models fora#im
projects to explain the notation and the semanficthe



language. However, such models are of little irger®
students, as it is not easy to be passionate,te.djbrary
lending systems.

Focusing on opportunities, it is important to utider that
companies look for business and
(http://www.linkedin.com/job/g-business-analyst$db  As
student projects require limited tools and resasyrtteey can be
useful to experience such roles. Also, the needhtiegrate
expertise in different areas could trigger shamctures and
projects with other courses.

I1l. DESIGNING APROJECT FORTEACHING REQUIREMENTS
ANALYSIS

A. The Proposed Approach

To address the issues in the SWOT matrix for aarsity
course in requirements analysis would require #wmgh of the
course taking into account a large number of factand
constraints. Among them, the syllabus of the degrgailable
human resources, time available for the course,kthé of
classroom, hardware and software available, teahsigoport,
topics to be covered, students’ previous knowleolgeelated
topics, etc. In this paper we will concentrate loa problem of
the student project: which project can be reallzgdtudents to
motivate them and to teach a structured, -efficiesmd
systematic way to identify and model business agt tevel
requirements. In this section we propose a framkevor a
student project that has been defined adaptingat gfter year
according to the results of its implementation inuamber of
university courses. In particular, in teaching legments
analysis to students of information systems,
engineering and information systems design. Thes@ses
were part of different kinds of degree of an ltalimiversity, at
the bachelor and master level, in the area of coenmcience
and economics as well; the last one was though nn
interdisciplinary degree named ‘Net economy’.

These courses had some common characteristics:

» small classes: from 9 to 20 students;

» availability of a computer laboratory, with no more

than two students per personal computer;

» support of a tutor for a part of the laboratoryiaties
and for the evaluation of the projects;

» support of an e-learning platform to publish classl
projects documents (https://comunitaonline.unitn.it

» presence of international students: an averagetof42

saftwa

and in particular on the need to first analyzeablgm from the
point of view of all the stakeholders. That in tuimplies a
focus on requirements elicitation and analysisbou half of
the course, assuming that it is easier to leaplyagnd validate

requirements asalysother UML models (requirement specification andidation)

than to learn a structured way to effectively defihe scope of
a project and the requirements to be fulfilled. sThpproach
requires soft skills that are very much useful éalrprojects:
working in group, properly interacting with usemsdaowners
of the system to be developed, applying differeahhiques for
fact-findings. In this context, the didactic objees of the
student projects were:

e introducing the role of the computer based systtms
solve business problems or suggest business sérsiteg

* integrating organizational issues in the analysishe
problem to answer questions like, e.g. “who has to
cooperate to gather the data for the system to be
developed?”;

e understanding the role of the requirements analiysis
the process of the system development, including
contractual impacts;

< identifying and managing conflicting requirements;

e using UML since the very first step of requirements
modeling, also for business processes and actuils; a
documenting requirements as a project specification
and their validation.

To this end, we defined a framework that integratesodel

of the computer based system as a solution of regsi
challenges’ into a template for a business requérém
document.

The first model (Fig. 2) was introduced by Laudamd a
Laudon [7] and is almost unknown to requirementgiregers.
However, its efficacy is validated by the high nuwemnlof
g&ditions of their information systems books andcotirses
adopting them. It was chosen from existing socabwtécal
information models because it offers some intemgsti
advantages (see section Ill B)). The L&L model de$ and,
more importantly, graphically represents the infation
system as “an organizational and managerial solliased on
information technology, to a challenge posed by the
environment” [7]. In this way, it can be used fawyaind of
project (size, domain, sector), forcing the adaptiof a
problem solving approach (starting from the busnes
challenges, first box in Fig. 2), taking into acnbuthe
management decisions and goals (actual or neededdi@ss

students per year come from other European and nafe identified challenges), identifying the mainteologies for

European countries;

» one term course of 30 to 40 hours.

Many of these characteristics positively contrilute the
adoption of an activity based approach in whicldstus have
to work in group on a small scale real project. édtfactors
were in place only for some of the courses; inipaldr, after
the last reform of the Italian university curricusaudents of the

the project and addressing organizational issuegamt for the
project (stakeholders to be involved). The busiresdstions
component compels evaluation of the impact of trepased
system in terms of indexes or any kind of outputfulsto
check if the expected goals or returns have besshesl.

The second model has been adapted from a template
introduced by Podeswa [8] as part of his approBEOM, or

master courses come not only from a computer segenchusiness object-oriented modeling. BOOM applies UkL

bachelors (first degree), but also from degreethénarea of
business and economics. The main goal for all tlveseses
was to focus on the problem-solving nature of nemuents,

business analysis underlining the role of businsgscases to
define the scope of a project and its stakeholdmrth internal
and external to the company.
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Figure 2. Information System model [6]

The BOOM template of the business
document (BRD) implements best practices and guiekelof
the author’s experience in his company.

For the student projects, an adapted version dBRI2 was
defined extracting issues relevant for the requinets
engineering steps and integrating the L&L modebl&d gives
the revised BDR used for the student projects @f2009-2010
academic year; each group had to complete the regents
analysis for a given module of a museum informatgstem
(for other courses, the modules were for the infgiom system
of an international sport event, the Universiadircéntino; the
Unisport initiative of the University of Trento;ehe-commerce
modules for profit and non-profit cultural orgartinas, and
many more). A short problem statement and inswustfor the
project are given in the first part of the documdtext
highlighted in grey was in Italian).

To draw and document object-oriented models, th& fi
projects were supported by Rational Rose, a toat thas
available on a CDRom included in some of the widadppted
UML text-books. Later, given that many students edra
personal computer or a laptop, students were taughtiety of
factors to take into account in choosing this karfdools and
then they could use the one they identified ad#st solution.
But the main didactical decision was to introduee tise of the

requirementgjuite intuitive; it scales well, as it can be apglito small

projects and to large ones; it takes into accolintha non-
technological aspects relevant for any real projecupports
interactions with stakeholders, internal and exerto the
company and among the students working on the girdjecan
be applied in an incremental way, starting with\ktezige and
assumptions available in the very initial stepsthe project,
and adding to it and revising it whenever usefu. students
with knowledge in economics and management, theekriech
natural bridge towards requirements analysis; foosé in
computer sciences, it suggests a wider context thetir
projects. Another advantage of the L&L model ig thanade it
possible to work on the project since the first timgeof the
course.

The BOOM BRD was first adopted in 2005-2006, but a

number of improvements and changes have been matte i
following years. In particular, the L&L model wadded as a
task of the ‘Executive summary’ (Table I); businese cases
introduced by BOOM, helped to deal with stakehadand
with actors relevant for the project. Parts to bmpleted were
reduced, making it mandatory for the students topdete only
some of them (in bold in Table I). The results ioyad,
possibly because the students felt the need tdzeeand
document some of the activities as useful for theggegt and

tool only after the L&L model was completed and anot (only) for the marks. In some cases, studeatapteted

preliminary set of requirements were elicited. Thatision
reduced the risks of premature requirements maglelire to
students’ tendency to start modeling, even if bessanalysis
and requirements elicitation have just starte@ldo increased
the quality of the requirements modeling and ttidhe BRDs.
B. Remarks and Guidelines

The L&L model was used for the student projectsesithe
early ‘90s: it was the first model students had¢dmplete and
revise during the project. The model shows a numifer
characteristics that makes it an efficacious eduwcal tool: it is

also non mandatory tasks, as for example stateraiiegyto
describe critical use-cases. The RACI (responsibt®untable
consulted informed) chart was useful to identifgithroles in
the project. Risk analysis, cost-benefit, and tahk&t supported
the multi-disciplinary approach: computer scienstsdents
understood that economics skills are useful fouiregnents
engineering, suggesting to forming groups when@eessible
with students of both the economics and IT aredso,Athe
difference between the role of the business orralyst and
that of a requirements analyst was better undedstoo



TABLE |. THE TEMPLATE FOR THE STUDENT PROJECTS OF TI2009-2010
ACADEMIC YEAR ADAPTED FROM THEBRD PROPOSED IN8]

Goal of the project (Problem statement)

Each group has to analyze the requirements fanfamnation system
module for the new museum MUSE (http://www.muse26d4, now
Museo Tridentino di Scienze Naturali (http://wwwsmitn.it/). The
module has to be accessible from the website aftigeum.

The project has to be completed using the BRD tataplf BOOM.
Some parts of the template are mandatory or halie smlapted (those in
bold).

Version Control (add: name of the module, name oftie students)
Revision History

RACI Chart

Executive Summary (add the Laudon and Laudon model)
Overview

Background

Objectives

Requirements

Proposed Strategy

Next Steps

Scope (add the scope of the module vs the scopéhaf information
system of the organization)
Included in Scope

Excluded from Scope

Constraints

Impact of Proposed Changes

Risk Analysis

Technological Risks

Skills Risks

Political Risks

Business Risks

Requirements Risks

Other

Business Case

Cost/Benefit Analysis, ROI, etc.
Timetable

Business Use Cases

Business Use-Case Diagrams
Business Use-Case Descriptions (text and/or agtiliétgram)
Actors

Workers

Business Actors

Other Systems

Role Map

User Requirements

System Use-Case Diagrams
System Use-Case Descriptions
State Machine Diagrams
Nonfunctional Requirements (highlight the most releant)
Performance Requirements

Stress Requirements
Response-Time Requirements
Throughput Requirements
Usability Requirements

Security Requirements

Volume and Storage Requirements
Configuration Requirements
Compatibility Requirements
Reliability Requirements
Backup/Recovery Requirements
Training Requirements

Business Rules

State Requirements

Testing State

Disabled State

Static Model

Class Diagrams: Entity Classes
Entity Class Documentation (...)

In recent years, thanks to the project templatejepts
become more and more related to real organizations

companies. At first, there was only slight invohemh of the
company in the projects, by an initial presentation a
company representative and final presentation efilte by
students. Later-on, there were more and more stédeh
interviews with real stakeholders from the orgatiza For
example, for the problem statement in Table |, esttighrojects
were defined for a natural sciences museum for lwhigew
building and new presentations were in constructianexpert
of the museum interacted with the teacher to sitaukn
interview to gather the initial requirements fomamber of
modules; other stakeholders were contacted by stside
working in groups of two. The final BRD was theregented
and discussed with another manager of the museura in
meeting that also allowed highlighting the logieathitecture
of a system integrating the projects and the ingpadtthe
proposed modules. Besides, the priority of the rfexiof the
student projects was discussed with the managenpaong
them on the basis of costs and other resourceragmtstin the
context of the museum strategy (for example, tHaerticket
selling module was given a lower priority than tdrdine event
management). The same approach — students congptéen
activities included in the template, initial intet@n and final
discussion with representatives of the companies or
organizations — has been applied in other projectahich
requirements for the same service — an e-commeozhule —
had to be analysed for different cultural organie, as for
example, a wine road (www.mtvtrentinoaltoadige.#),Jazz
festival (www.fiemmeskijazz.com), a contemporaryt ar
museum (MART, www.mart.trento.it), a film festival
(www.trentofestival.it). In the last course, stutprojects were
related to a new initiative of the University ofefito, Unisport
(www.unisport.tn.it). The proposed approach turoed to be
successful: for example, the results of such coprsgects
were then used by the software development company
ultimately in charge of projects implementationirgsut for the
design and implementation of the Unisport informatsystem.

C. Preliminary Validation

For a preliminary and external validation of thegwsed
framework we can use the most important recomméendat
for teaching requirements described in Ouhbi gl

1) Teach how to define the scope of the problem and
avoid general and vague specifications.

2) Show how to select and use a requirements engigeeri
tool.

3) Promote activities in requirements analysis and
modeling in addition to requirements management and
introduce the concept of prototyping in the course.

4) Involve students in industrial projects (...). Instiars
could also invite industry practitioners to presssl
projects and to describe their accumulated indalstri
experience.

5) Have the ability, skills, and strategies neededlign
requirements engineering courses with contemporary
global software development (GSD) conditions.



6) Familiarize students with approaches to problenrequirements analysis for programming courses);esofmthe
solving, development methodologies, and developmerBDRs were adopted by the companies and used fwrimpany
tools. thesis projects. Other positive outcomes wereghéri number

7) Use mobile devices as teaching tools. (...) m-learnin of students completing the project and the exanthén first
(learning with mobile devices) promises a continuedexam session and better quality of the models [8jen the
extension toward “anywhere, anytime” learning. course was not mandatory, the number of studemiseased,

8) Deliver the courses in an interactive classroome Th but those in the course were more capable (higleeksrand
students can share a virtual whiteboard, electronitnore skilled in IT) and motivated. From the student

textbook, and data over a networked environment.
Taking into account that the proposed framewotioishe
student projects and not for the entire course, th#
recommendations were satisfied in our courses, pextm
number 8. In particular, the document template ngfiso
support recommendation n°.1, 3 and 6.; the choidhentool
by the students in their project forced them teetadto account
many of the parameters characterizing the alteresti
(recommendation n°.2); prototypes were used maitdy
identify requirements for human-computer interfa@ges3); the
guasi-real projects could be further exploitedander courses
and in any case, it must be reminded that it takles of efforts
to involve local organizations, experts and mamader the
projects (recommendation n°.4); GSD conditionsgntwere
only partially in place whenever interfaces wertevant for
the project and emerged thanks to the internatishadents
(sometimes projects were completed by studentsnstan
different countries). The seventh recommendatianrid been
experimented yet. Finally, the last one (n°.8) vpastially
fulfilled using the e-learning system (comunitaoa)i

IV. CONCLUSION

The ability to manage requirements from a softward®!

engineering point of view as well as to grasp thmsifess
problems and strategies is critical for a requineimi@ngineer.
To address challenges in teaching requirementsysinalve
proposed a framework — a template and guidelirfes student
projects that offers a number of interesting insgfhreats for
the results are related to two main points. Firstiporting the
author experience, mainly in an Italian universigl| the
following remarks embodies open questions and shdel
further investigates in a future work. Then, theabBlass sizes
and the other characteristics described in Sedtiiorfapart
from the last one) correspond to ideal conditidmes re not
always in place. The design (as lecturer) andsaiitin of non-
trivial term-sizes student projects for real comipanor

organizations based on the proposed framework atdow

exploiting and addressing, albeit to a differerteak the issues
summarised in (Fig. 1). Having students with difer skills
working in group helped them to recognize theirpessive
roles in the analysis of the problem and in tune, relevance of
other disciplines. Students were highly motivateddalize a
good project thanks to the possibility to commutgoaith real
business stakeholders and to validate their BRDB thiem.
The presentation and discussion of the requirengoaaments
to company representatives is also a good intramucto
business areas and gives an understanding of hawrtowith
real customers. In some cases, the effect wasrgetbin other
courses of the graduation or master program (eiging

questionnaires this phenomenon (less, but more béapa
students) seems correlate with a higher diffictdtyvork on a
project during the term.
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