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Abstract. Integrating practices and methods of Interacti@sin and Usability
into Software Engineering processes has posed sbaienges. In this paper
we extend a SE process to enable its instanti@sonser centered in order to
improve the usability level reachable by the fisgstem. Also, we suggest a
kind of a road map that enables software orgamizatio instantiate cumulative
versions of this process to grow in their capapilégarding the usability prac-
tices. The paper is organized in two parts. First, describe de open source
version of the Unified Process (OpenUP) and the UB@bility Maturity Model
(UMM-1SO) and present the results of an assessmeagie on the first to de-
termine its conformity with the latter. In the sadopart we present an exten-
sion to OpenUP to fill the gaps discovered and nefiee highlights of an im-
plementation of these contributions in a real pro@nd the lessons learned.

Keywords: User Centered Design. Usability Maturity Model. @p@

1 I ntroduction

Integrating practices and methods of usability mmeraction design into the Software
Engineering (SE) processes has posed some challeAgeseffah has explained "the
structure and techniques of Human Computer IntenactHCI) are still relatively
unknown, underutilized, hard-to-master and wittéliintegration essential in soft-
ware development teams" [1]. The magnitude of tivegration effort is often wrong-
ly minimized. Many developers still think that ugdb is affected only by the user
interface. However, even early decisions on théwsoe architecture may affect the
usability a system can reach [2, 3]. If usabilgyconsidered as the result of the whole
development process, its activities must be inadutieoughout the process.

It has shown from HCI that there is a direct relaship between the level of usa-
bility that a product can reach and the use of er @entered Design (UCD) process
(there are many references on the topic, see fample [4, 5]). However, not all SE
processes can become focused on user simply bynghakfew modifications. From
SE, this topic has been recognized too (e.g. [6¢kample) .

Another challenge deals with the improvement ofcpeses that enable an organi-
zation grow in usability capabilities as predictabind controlled as in SE capabili-
ties. Some model of capability and maturity in uligbhave been proposed trying to
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provide a basis for planners and process engitiedasow what user centered activi-
ties to include in a particular project, as welltasassist those who wish to improve
the whole process carried out by an organization.

Our work deals with these two challenges with trsalility Maturity Model pre-
sented in ISO Standards (UMM-ISO) as a base. Witstextend a SE process to ena-
ble its instantiation as a user centered one. Tlwersuggest a kind of a road map that
enables software organizations to grow in capghiégarding the usability practices.
The paper is organized in the following form. Incéen 2 we contextualize our pro-
posal analyzing related works. In Section 3, wecdks the open source version of
the Unified Process (OpenUP) and the UMM-ISO arek@nt the results of an as-
sessment made to determine the conformity of OpenitiiPthe UMM-ISO. In Sec-
tion 4 we present the main contribution of this graan extension to OpenUP to fill
the gaps discovered in Capability levels 1 to 8aly, we report the highlights of an
implementation of these contributions and the lessearned. Concluding remarks
and further work needed are mentioned to closgéiper.

2 Related work

There have been several proposals to integrateilSEE processes. The common
approach has been identifying some key HCI actisitd be included a SE process to
create a somewhat modified version.

Proposals for augmenting waterfall, agile or uniffrocesses can be found in lit-
erature. For the waterfall cycle, can be mentidieeegxample the proposals of Costa-
bile[7] and Joshi and Sarda (see [6]). Costabilgnants de process including user
and task analyzing, scenarios and User Interfadg gpkcifications activities. She
emphasizes on the evaluation as the central actfia UCD process. Joshi and Sar-
da add several HCI activities at the Communicatibimdeling and Construction
phases.

The Unified Process (UP) has received differenesypf proposals for integrating
HCI activities. Goransson[8] proposed a new disogplfor RUP. After identifying
identified some RUP characteristics that can bdagbes for implementing a UCD
Process (centrality of architecture, prevalencehef use cases, usability activities
concentrated only in the Elaboration phase) propaseew discipline, Usability De-
sign containing key elements from HCI and spanniing whole RUP lifecycle. Other
proposals for RUP are the work by Krutchen[9], Heum{10], Sousa and
Furtado[11]. The first two, propose the inclusidnHCI models, activities and arti-
facts to the basic RUP (user experience modelopoés and storyboards are the
most important). Sousa and Furtado present the RbRteractive Systems (RUPI).
It adapts the four RUP workflows. In the requiretmanrkflow RUPI includes sever-
al modeling tasks and an explicit definition of bisity requirements. In the Analysis
and Design workflow a Ul conceptual design and<le®del of Ul are added. The
Implementation workflow is increased with guidebnand in the Test workflow a
strong focus is made on Usability evaluation.



The open source version of UP has received sontgilmations too. For example,
the DSDM Consortium published the plugin OpenUP/IVBI?] that adds specifics
Business roles and assign them some responsiilitietasks and work products:
Executive sponsor, Visionary, Ambassador user, salviUser. The goal of this
plugin is to promote collaboration between busiresd technical communities dur-
ing the project. In the same line, the Plugin Welalided UCD[13] is a proposal to
augment UP as an UCD process for web developmelingdnany new elements (11
new roles, 12 new work products and 6 new actsljtie

In the realm of agile methods, Beyer, Holtzblattl &aker [14] describe a combi-
nation of the Rapid Contextual Design techniqued {fith a user stories based de-
velopment process. Their proposal includes a sepahiadesign team as long as these
skills are usually held by different people on tekam. Nielsen[16] proposes a three-
fold integration between agile methods and usagtiiid: perform usability activities
in a few days, adopt a parallel track approach tetike UX work is continuously
done one step ahead of the implementation work) raakle foundational user re-
search going beyond feature development (ideall/ghould be conducted before a
development project starts). Joshi[17] has prop@ssiinilar integration: HCI activi-
ties hard to fit in a typical iteration should beng before the agile iterations begin,
there must be a synchronization between softwaveldement iterations and HCI
activities, the HCI team should closely coordinati¢h the software development
team giving some “development support” to ensua tH is implemented as close to
its original intent as possible.

All these proposals show different ways of inteigigathe key HCI activities with-
in SE processes. In some way or another the H@eglés that most contribute to the
final usability according to Joshi and Sarda[18] at the center of the different pro-
posals (user modeling, Ul prototyping, usabilityakesation, collaborative work be-
tween HCI staff and development staff). Also arnatiee cycle, user centered work is
present at most of them. In our approach we tgxtend these contributions on a side
that has not been fully addressed in our opinianthis paper, we are proposing a
roadmap intended not only to help including HChatiés in a typical SE process but
to provide a predictable way for improving that gges and grow in HCI capability.
We base our work on the concept of Capability Matuvlodels, adopted in SE as a
guide for process improvement.

3 OpenUP and the UMM-I SO

3.1  Open source Unified Process (OpenUP)

OpenUP is the open source version of the Unifiext&ss (UP) released as part of the
Eclipse Process Framework (EPF) project[19] (aeresible set of framework, tools
and sample content for authorship, configuratiod pumblication of methods and
processes). The EPF's metamodel is based on ve2dioof the Software & Systems
Process Engineering Metamodel Specification (SPEMYhe Object Management

1 UX stands for User eXperience



Group OMGJ20]. This framework includes definitiooEmethod content and applica-
tion delivery processes. The content is manifegtteaugh definitions of work prod-
ucts, roles, tasks and guidance. A relation betvgssne work products (input, out-
put), tasks and roles makes an Activity and a chfactivities build a Process. Final-
ly, there is the concept of Practice: “an appraackolving one or several commonly
occurring problems. Practices are intended as 'ldiuof process for adoption, ena-
blement, and configuration”[21]. Eleven practices eontained in the EPF Practices
Library (EPL).

OpenUP presents itself as “a lean UP that applexative and incremental ap-
proaches within a structured lifecycle. OpenUP exobs a pragmatic, agile philoso-
phy that focuses on the collaborative nature ofwsne development”. Its simplest
version is OpenUP/Basic (a minimum, complete an@resible process oriented to
work on projects of small and medium scale). OpeBaBic includes all the practices
defined in the EPL, organized into two categorMsnagement practices (Iterative
development, Risk-value lifecycle, Release planni#hole team, Team change
management) and Technical ones (Concurrent Tesfiogtinuous integration, Evo-
lutionary architecture, Evolutionary design, Shavésion, Test driven development,
Use case driven development). Development lifecyite OpenUP can be analyzed
in three layers: a) personal effort is organizednioro-increments (short units of
work typically measured in hours or a few days)tdgm effort for delivering incre-
mental value to stakeholders is organized in iit@nat(planned, time-boxed intervals
typically measured in weeks); c) the project lifeleyis structured into four phases:
Inception, Elaboration, Construction, and Transit{this provides stakeholders and
team members with visibility and decision pointotighout the project)[22]

3.2 ThelSO Usability Maturity Model (UMM -1S0)

Different models have been proposed to drive pdmprovement in usability as-
pects (e.g., [23-28]). The UMM-ISO was presentethanreport ISO TR18529 "Hu-
man-centered lifecycle process descriptions"[28 UMM-ISO attempts to provide
a basis for planners to know what human centerdlitées include in a particular
project, as well as to assist their improvement.

UMM-ISO'’s reference model is contained in 1ISO 15%RICE[30]. This model
has two dimensions: processes and capabilitiesh paacess can be assessed with a
degree of compliance on a scale of six Levels: nmuete, performed, managed, es-
tablished, predictable, optimizing. The way to detiee the Capability level in a
process is to analyze which attributes of such ggsare checked according to the
evidence collected. Each attribute is evaluated &our ranges scale: unmet, partially
achieved, widely reached, fully met.

Dimension of the Human Centered Development (HCD) processes. Processes are
described as practices that are required to impieee including system stakehold-
ers and users during the whole lifecycle. Each gssds described with purpose, suc-



cess indicators, input work product and output warkducts. 1SO TR18529 defines
seven HCD process:

— HCD1.Ensure the HCD content systems strategy

— HCD2.Plan and manage the process

— HCD3.Specify the requirements of stakeholders hadtganization
— HCD4.Understand and specify context of use

— HCD5.Produce design solutions,

— HCD6.Evaluate designs against requirements.

— HCD7.Introduce and operate the system

These seven processes can be grouped at thremuliffevels of analysis: the organi-
zation (HCD1 and HCD?7), the project technical depetent (HCD4, HCD3, HCD5
and HCD®6) and its management and control (HCD2).

Dimension of capability and maturity levels. To assess the capability level reached
a number of desirable process attributes that ddsetmet in each HCD process.
These attributes are cumulative, at every levelapiability is expected that all attrib-
utes of the lower levels are achieved.

— Level 1: Performed. The degree to which output wanéducts are produced from
inputs work products through the enactment of trectces which comprise the
process. There is one Process performance attribube assessed: “Ensure that
base practices are performed to satisfy the purpbte process”.

— Level 2: Managed. The degree at which the processainaged to produce work
products of acceptable quality within defined ticaes and resource needs. The
achievement is demonstrated assessing two kindstriutes: Performance man-
agement (e.g., Identifying resource requiremenentble planning and tracking of
the process, Plan the performance of the procesddoyifying the activities and
the allocated resources according to the requiresnestc.) and Work product
management (e.g., ldentify requirements for thegrity and quality of the work
products, Manage the configuration of work produetensure their integrity)

— Level 3: Established. The established processresshe deployment of a defined
process based upon good SE principles. The evatuatll analyze the extent to
which a given process is defined with an approersaandard to contribute to the
goals of the organization through definition oftanslard process (e.g., Tailor the
standard process, Implement the defined process)tlmough use of suitable,
skilled human resources an process infrastructeng, (Define human resources
competencies required, define process infrastragenuirements)

Level O (Incomplete) has no attributes to identifihile Levels 4 and 5 require an
assessment on the organization beyond the scopeaifticular project process (e.g.,
Process measurement attribute at Level 4: Defirgss goals and associated
measures that support the business goals of tlamiaegion).



3.3  Assessment of OpenUP in thelight of the UMM-ISO.

An assessment has been done to determine the ligpatufile of OpenUP in terms
of UMM-ISO. The goal was not to find if OpenUP igll§ compliant with UMM-
ISO. Itis clear that OpenUP is not a full UCD pees so gaps with UMM ISO will be
found. The assessment is used here as a struetppedach to discover those gaps.

To collect evidence of achievement we use the cemplspecification of
OpenUP/Basic 1.5.0.1[22]. Any item contained int thizecification, either method or
process, that enable us to interpret that it ceatisfy some UMM-ISO attribute will
be considered evidence enough of such capabilkgsessment on levels 4 and 5
require evidence from the organization managemeattices beyond the specific
development process used. That evidence cannobtbieogn the OpenUP specifica-
tion, so the scope of our assessment is constréinestels 1 to 3 of UMM-ISO.

The evaluation cycle is the following:

1. Take a UMM-ISO HCD process

2. Take a Level to assess. For each process att@buke chosen level, analyze the
OpenUP/Basic specification and look for contenparcesses which allow satis-
fying the attribute.

3. Determine the degree of achievement of the ateiut ranking of 4 levels:

(&) N (Not achieved): there is no evidence of the aahigent (numeric score: 0)

(b) P (Partial): implementing the activities included ®penUP allows a partial
achievement of the attribute (0 <= score <= 0.3)

(c)L (Large): implementing the activities included @penUP allows a large
achievement of the attribute (0.3 <= score <= 0.7)

(d)F (Full): implementing the activities included inpénUP allows a full
achievement of the attribute ( 0.7 <= score <=1)

4. In cases of doubt about the achievement betweerievels for a particular prac-
tice, apply the benefit of the doubt and qualifghie higher level.

5. The process is repeated for the next attributbefevel.

6. The process is repeated for the next level, timite is no evidence of the prepa-
ration of any practice at this level or until reexththe upper limit established for
the evaluation.

7. The cycle 2 to 6 repeats for the next HCD of UM process

We use an evaluation form adapted from Earthy[3&¢ (Fig. 1). For each UMM-ISO

attribute (column 1) we identify the OpenUP Pragiincluding enough evidence to
cover the attribute (column 2). Within each Praetice detail Process contents (Ac-
tivities and Capability patterns, in column 3) ahé Method contents (Roles, Arti-

facts, Tasks, in column 4) that allow that coverager each of the attributes of

UMM-ISO the degree of achievement is recorded énahove-mentioned scale. Then
we calculate the mean for all the attributes ir@ug (Process performance, Perfor-
mance management, Product management, ProcestidlefiRrocess resources defi-
nition). This mean set the achievement at thatlmi#ipalevel for the HCD process.



Praclices and processes

AP1.1. Process performance attribute

UCD1. Ensure UCD contents in the systems sirategy

lthod conlents

Practices
Level 1. Process performed

Score

UCD.1.1 Represent stakeholders VWhole team. Shared Start the project. Identify | Define vision. Plan the 03
vision. Release planning. [and refine requirements |project Find and outline
UC Driven Development requirements
UCD.1.2 Analyze market no evidence no evidence no evidence 0
UCD.1.3 Define and plan systems strategy no evidence no evidence no evidence a
UCD.1.4 Collect market answer no evidence no evidence no evidence ]
UCD.1.5 Anayze user tendencies no evidence no evidence no evidence 0
Combined score (DCU.1.1to 1.5) 0.06
Combined score for the level 0.06

Level 2. Process managed

AP2.1 Performance m 1ent attribute
PM2.1.1 Identify resources requirements

Whole team. Shared Start the project. |dentify |Define vision. Plan the
vision. Release planning. [and refine requierements |project Find and outline

UC driven development e, | [EQUIrEMENTS 03
PM212P Whole team. Shared W ision. Plan the
W i

g

Fig. 1. Recording form (adapted from [31]). First columstdiUMM ISO'’s attributes, the fol-
lowing three columns show evidence collected (RractProcess and Method). Last column
shows numeric score achieved for each row andalvellated mean for a group

Results. Evidence collected shows that OpenUP/Basic doesiieve full coverage
of any attribute for Levels 1 to 3. We measuredtaltof 156 attributes. Achievement
was Partial in 76 cases, Large in 10 and Null iraf#flbutes. The capability profile at
three levels assessed is shown in Fig. 2. It iardleat the only areas that achieve
some degree of conformity are the core (HCD2 an®BI@ HCDG6). Achievement is
minimal on HCD1 and null for HCD7.

0,9

0,8

0,7

mlevell

0,6
Level 2

0,5
= Level 3

0,4

0,3

0,2 —

01 —

HCD6

HCD1 HCD2 HCD3 HCD4 HCDS HCD7

Fig. 2. UMM-ISO capability profile for configuration OperiJBasic. References: Range 0 to
0.3: Partial achievement, 0.3 to 0.7: Large achieara, 0.7 to 1: Full achievement

The Management practices included in OpenUP carttrito show some evidence of
achievement. However none of them qualify for aarH.. Only some method ele-
ments (or part thereof) could reach a partial aehigent if they were carried out by
staff members with background in HCI. Technicahqtices also exhibit a partial
achievement (particularly, Shared Vision, Evoluéipnarchitecture and Evolutionary



design). Use Case Driven Development could reagteater achievement when staff
members with HCI background are included. Specidlly identifying, specifying
stakeholders, their tasks and contexts of use (hemvéhis background is not a must
by any role, just a suggestion in the Guidelineaffgig a Project”).

In total, 10 attributes out a total of 156 has baesessed to a higher level using
this “benefit of the doubt”. For example, on HCHSpecifying requirements)
OpenUP covers all attributes at Level 1. Threeheiht achieve a Large fulfillment.
Practices like Shared Vision, Iterative developméige Case Driven Development
contribute to cover Performance attributes suchChsify and document system
goals, Assess risks to stakeholders, Generatetdkeholder and organizational re-
quirements. However broader gaps are found foother attributes. There is no evi-
dence for a complete and detailed specificatiogtakeholders (Performance Attrib-
ute: Analyze stakeholders), nor is required takimg account the system context
beyond the software (Attribute: Define the usehaf $ystem). Finally, OpenUP is too
brief about quality in use goals (Attribute: Setality in use objectives). Just one
Guideline suggests 3 steps in order to identifyiksyes in usability, choose the right
style to express requirements and write them. Agsyitie scenario that staff mem-
bers had enough HCI background we can give thefib@fig¢he doubt and consider
that OpenUP can reach Partial achievement on ti#sleutes. Finally, a Large cov-
erage at Level 1 for this HCD process is scorech(m8.5).

Table 1. Score achieved at HCD2 at Level 1 and actions reduo improve capability

HCD Processes and included activities Score LtoF PtoL NtoL
HCD2. Plan and manage the HCD pr ocess
HCD2.1 Consult stakeholders 0.7 X
HCD.2.2ldentify and plan user involvement 0.7 X
HCD.2.3 Select HC methods and techniques 0.3 X
HCD.2.4 Ensure a HC approach within the project 0.3 X
HCD.2.5Plan human-centred design activities 0.3 X
HCD.2.6Manage human-centred activities 0.3 X
HCD.2.7Champion human-centred approach 0.3 X
HCD.2.8Provide support for HCD 0.3 X

Actions to fill the gaps. Our proposal is to provide an OpenUP based dewaop
process that can reach Full compliance with UMM-18Cthe Level 1 and at least
Large at Levels 2 and 3. In order to achieve adafability profile at Level 1 three
actions are to be taken on the OpenUP/Basic carafiigun:

— Take from Large to Full (LtoF): Add or modify methand process contents to fill
the gap between the Large coverage to the Full one.

— Take from Partial to Large (PtoL): extend OpenURIB@rocesses that were as-
sessed with a Partial coverage so they can redehsitthe Large one.

— Take from Null to Large (NtoL): generate method @nocess contents to cover
that HCD processes with no evidence of achievetmg@penUP/Basic.



HCD1 and HCD7 are almost not covered, so the astibare are mostly to include

content lacking in OpenUP (NtoL). For the othergasses, the coverage is incom-
plete too, but disparate. Table 1 and 2 show tlierecrequired to improve capability

at Level 1 for HCD2 to HCDG.

Table 2. Score achieved at HCD3-6 at Level 1 and actiongired to improve capability

HCD Processes and included activities Score L toF PtoL NtoL
HCD.3Specify the stakeholder and organisational requirements
HCD3.1 Clarify and document system goals 0.7 X
HCD.3.2 Analyse stakeholders 0.3 X
HCD.3.3 Assess risk to stakeholders 0.7 X
HCD.3.4Define the use of the system 0.3 X
HCD.3.5Generate the stakeholder and organisation@al7 X
requirements
HCD.3.6Set quality in use objectives 0.3 X
HCD.4 Under stand and specify the context of use
HCD.4.1ldentify and document user’s tasks 0.7 X
HCD.4.2ldentify and document user attributes 0.3
HCD.4.3ldentify and document organis. envt. 0.3
HCD.4.4ldentify and document technical envt. 0.3
HCD.4.5ldentify and document physical envt. 0.3
HCD.5Produce design solutions
HCD.5.1Allocate functions 0.3 X
HCD.5.2Produce composite task model X
HCD.5.3Explore system design 0.7 X
HCD.5.4Use existing knowledge to develop design 0.3 X
solutions
HCD.5.5Specify system and use X
HCD.5.6Develop prototypes 0.3 X
HCD.5.7Develop user training X
HCD.5.8Develop user support X
HCD.6 Evaluate designs against requirements
HCD.6.1Specify and validate context of evaluation .3 0 X
HCD.6.2Evaluate early prototypes in order to define X
the requirements for the system
HCD.6.3Evaluate prototypes to improve the design 3 0. X
HCD.6.4Evaluate the system in order to check that 0.3 X
the stakeholder and organisational requirements hav
been met
HCD.6.5Evaluate the system in order to check that X
the required practice has been followed
HCD.6.6Evaluate the system in use to ensure that it X
continues to meet organisational and user needs

X X X %




4 Extending OpenUP to conform with the UMM -1 SO

The EPL’s guidelines offer two scenarios for extensghat are useful in our case[21]:

« |F you need to add roles, tasks or work producis téflect a different approach,
THEN create a new Practice including them and peegto articulate them

« IF you need to modify a current process by addiegments from other Practice,
THEN customize an existing Configuration of Pragsievith the lacking elements.

Given these scenarios we propose to fill the gégodered with the following tasks:

1. Adding new items to base practices. All missing HCD contents included by the
UMM-ISO should be incorporated in the Practiceextl by EPL.

2. Adding and modifying cross practice processes. On Level 1 to ensure the con-
vergence of the Evolutionary architecture, Evoludiy design and HCD. At levels
2 and 3, to include HCD process and product managem

3. Using an alternative set of role assignments, to set the responsibility for some
processes to the new roles, in order to improvie thenan centeredness.

After doing these tasks, we add a new practicenéoBPL: Practice User Centered
Development and extend the OpenUP/Basic configuragenerating three new pro-
cess configurations.

41 ThePractice User Centered Development (UCDev)?

This practice articulates the method elements grakesks, work products and guid-
ance) needed to instantiate a development prokasadtively involves all stakehold-
ers during the whole cycle.

Roles. OpenUP/Basic offers three generic definitionsvate to UCD: Stakeholder,
Analyst and Developer. However, their definitiors bt ensure that necessary pro-
files and skills for carry out a UCD process camtrd. Other UP or OpenUP exten-
sions have already identified this problem and psg adding new roles (e.g. [8, 12,
13]). In order to keep OpenUP with low level of dancracy and ceremony while
including in the process the skills needed, we hideatified six roles to be added:
four Business actors (Sponsor, Domain Technicatlegalsers Representative, End
User), an Analyst (UX Specialist), a Developer (IDé¢signer) and a Tester (UX
Tester). Complete descriptions can be seen in [32].

2 Henceforth, we will use the term “User Centerautitead of “Human Centered” used in

UMM-ISO. While both express the centrality of dlbse involved in the final system, User
Centered is the preferred term by the HCI community.



Work products. The first element that must be included explicidycentral in any

iterative, user centered process: the user exmeriprototype in any of its versions
[5],[33][18]. We also include other two artifactstivstrong relations with prototypes:
the UX Storyboard and the Navigation map. The $toayd will allow analyze the

dynamic aspects of UX prototype, while the navigatimap will leave clearly stable
the relationship between all the Storyboards. Téteof the new definitions of work
products that we include in UCDev comprises: Usedeh Usability Goal, Task
model, UX Concept, UX prototype, UX Storyboard, Mgtion map and User and
training document (details in [32])

Tasks. As for the Roles and Work Products, will use askigeound the UMM-ISO
specifications, UCD literature and tasks definiioinom configurations in the UP
family (e.g., RUP[34], Agile Unified Process [35Y}e have incorporated the follow-
ing definitions of tasks:

— Tailor the UCD process

— Specify requirements and objectives of user expeeie
— Understand and specify the context of use

— Designing the user experience

— Components of interaction design

— Review the design of the user experience

— Preparing for usability testing

— Run usability tests

— Design and produce material training and user stippo
— Providing training and user support

Each Task is defined by: purpose, description atations with other method ele-
ments and steps to be done. Some tasks also inghgadfic guidelines. For example,
the definition for Task Specify requirements and UX goals includes the following
contents:

» Purpose (why including this task? What is its gpal?
— To keep the focus on UX during the entire lifecygleing developers concrete
guides for developing and evaluating design sahgtio
— To set acceptance criteria for usability testing
< Relations (roles involved, input and output workgucts):
— Roles: UX specialist (primary performer), Usersresgntative, Technical do-
main leader, Analyst (additional performers)
— Input: User model, Task model, Project goals
— Output: Usability goals
« Steps (instructions for the performer, fully delsed in real specification)
— Get information from available models
— Identify and outline usability goals
— Prioritize usability goals
— Document usability goals
— Review and get agreement on usability goals



The relations between all tasks included in UCDed the UMM-ISO processes are
shown inFig. 3 (HCD processes organized in the figure as merdiam&ection 3.2)

Guidance. We propose the integration of two basic guidelifds first one contains
the definitions of the UCD processes. The othedguetails the UMM-ISO levels.
As a road map, both give guide the process engineéhne total or partial adoption of
the practice and their inclusion in the developnprotess.
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Fig. 3. Relations map between UCDev tasks and UMM-ISO pe&ses
4.2  Three method configurations. OpenUP/UMM-1SO N[1,2,3].

We propose a scheme of three configurations thatbeainstantiated to achieve usa-
bility capability at UMM-ISO Level 1, 2 or 3. Thesmnfigurations can be seen as
incremental steps that guide for growing in usabitapability in a predictable, struc-
tured way. Configuration for Level 1 (OpenUP/UMM@N1) adds the new Practice
UCDev to OpenUP/Basic. For levels 2 (managed) atestblished) we use the vari-

ability "extends" on previous level incorporatingfigities for process and work prod-
uct management.



In the following descriptions, we use the four peef UP (Inception, Elabora-
tion, Construction and Transition) to show the caskzations included.

OpenUP/UMM-ISO N1. The goal in the Inception phase is to understaedstope
of the problem and the feasibility of a solutioreTdeployment process for a typical
iteration of this phase in our configuration congaihe same four core activities: Start
the project, Identify and refine requirements, Agin the technical approach and
Plan and manage the iteration.

Some changes are implemented to the interior df eativity. Our main contribu-
tions are in the Activities Start the Project angrée on technical approach. In the
first one we modified the tasks Develop technidalon and Plan the project. UCD
roles are assigned and an extra step is includedetttify and Sketch Use Context.
Usability related requirements are specified by & task Specify UX Goals as-
signed to the UX specialist. So, this Task is dewetl in synchronized with Identify
and outline requirements (from OpenUP/Basic speadifin) as long as outputs from
one are inputs to the other. In the Activity Agetechnical approach we propose
two simultaneous tasks: Outline the architectuneQpenUP/Basic) and Outline UX
(in UCDev), providing the team with an architectthiat consider UX goals.

On the phase Elaboration (aiming to better undedsthe requirements of the sys-
tem, create and establish a basis for the systehitecture) we include the task De-
sign the UX as part of Activity Develop architeewsnd UX. The Activity Develop
Solution Increment includes two tasks from UCDewesIQn interaction components
and Review UX Design to ensure the inclusion ofr usgues from the early design.
Finally, in the Activity Test solution other twodies are added: Prepare usability tests
and Run usability tests.

The third phase, Construction, starts when architechas reached stability and
focuses on implementing remainder requirementsksTBgvelop solution increment
and Test solution are done here in a loop. Througttos phase iterations the func-
tionality will continue being implemented, testeddaintegrated. The phase can in-
clude one or more beta releases towards the end.

The final phase Transition focuses on deploymemtsthiftware to users and ensur-
ing that their expectations are met. However, i Ibfasic version of OpenUP, the
main objective of the phase is reduced to fine timeefunctionality, performance and
quality of the beta version of system generatethatend of the construction phase,
excluding specific activities that are specificttee preparation of the deployment
such as the final acceptance test or user supporavercome this lack, we include
the task Guide and give support to user during é@meintation (Practice UCDev).
Also refine the extension of the activity: Testwgmin adding the User acceptance as a
variant of usability testing.

OpenUP/UMM-ISO N2. In this level is necessary to identify attributdspoocess
and work product management for UCD elements. énfitist case, it is important to
generate products of work within the establishetetand resource requirements. The
configuration at this level is conceived as an esien of OpenUP/MMU-ISO N1.



So, this level incrementally adds method and cdritems needed to meet those re-
quirements. We need to ensure the use of Changjie&Canfiguration management

practices and Quality control. OpenUP/Basic inctutteem with the Practice Iterative

Development, we took it as a guide to extend tlaesigities on UCD elements.

The main change happens in the task Plan the prisigo the Inception Phase.
The original task from OpenUP/Basic includes trepstEstablish a cohesive team,
Estimate project size, Evaluate risks, Forecageptaelocity, Outline project lifecy-
cle, Establish costs and articulate value, Planogepent. We add two additional
steps: Plan the UX Quality (define a minimal plan duality assurance on tasks and
work products from UCDev) and Plan UX Change andhfi@aration management
(set management politics for configuration managegnoe UX work products). The
tasks related to Iteration planning and manager¢ielan iteration, Manage Interac-
tion, Assess results) are customized in the sameetdi ensure those plans are met. In
the other phases, the Task Request Change allomeéd the management require-
ments on UCDev elements.

OpenUP/UMM-ISO N3. For the level 3 we need to ensure that the proo@sigu-
ration used in each project is adjusted to theiipesituation and available resources
as much as possible. The configuration for thiselés again built incrementally on
the previous one.

We add the Task Tailor the UCD Process to the Agti8tart the Project. The
task’s primary performer is obviously from Projesanager, but roles form UCDev
such as the Sponsor and Domain technical leaderdshto® included as additional
performers. The inputs are the development proassdefined by OpenUP/UMM-
ISO N2 and the two Guidelines HCD Processes Dafimstand UMM-ISO specifica-
tions. The output is a customized configuratiorx &eps are defined: Analyze the
project, Determine adaptation effort, Develop sfi@ciontent, Define lifecycle, Pub-
lish the process, Manage the process.

The task Assess results (in the four phases) dddstep Manage the process, to
ensure that customizations are met as planned.

The family of OpenUP/UMM-ISO plugins. The EPF Composer[36] is a toolkit for
engineers to implement and maintain software dewvetnt processes. It provides the
contents of the EPL and tools to select, custong@geemble and publish parts of this
library as a specific process. We used the Comptusémplement the extensions
described before in plugins: a Practice Plugin toaitains the definitions for Practice
UCDev and three Configuration Plugins, one for é@apability Level to cover.

5 Aninitial implementation

The OpenUP extensions described were initially @nnted during the development
of a financial management system for the Argentiogernment. Here we briefly



introduce some initial highlights of this experieria order to show the feasibility of
implementing these extensions. A full assessmetttisfand other instantiations will
be the goal of further works.

The project had been initially organized using atemized version of UP. The
process was gradually adapted through the evatuatiml selection of artifacts and
activities using an iterative dynamic "evaluate-ifpdnplement". It was early de-
tected the need to include and integrate UCD prastin the process. The system
would be operated by many users working at geoggalh distributed agencies and
it would replace a previous version that users veeistomed to for many years. So,
in order to achieve acceptance and effective ojper#te impact of the change should
be minimized and usability maximized.

First steps included hiring a usability expert datfowing the guidelines in the
RUP Plugin for the UX. Storyboards modeled as UNtss diagrams using stereo-
types were implemented. These models represerdctieen components, the logical
data groups and data grids. Static screen corfiefd (ames, labels, titles, images,
etc.) is not represented in this model becauselates only to the appearance of Ul
and has no implication in the system logic. Thelelavas very complex for the sys-
tem screens and presented a number of disadvantageguired a long time for an
analyst to generate, it was very difficult to belerstood by designers and program-
mers, wasn’t good for users validation, it didrlbw to easily deduce the Ul proto-
type and finally it was difficult to set a genestdndards for creating similar screens
(conspiring directly against one golden rule inhilég). This solution also limited
the participation of user representatives at thiy eages of requirements elicitation
and for the testing of built modules, generatintage and rework.

To circumvent these obstacles it was decided tptatie process configuration to
adhere to our OpenUP/UMM-ISO N1 including the cotdeof the Practice UCDev.
Some roles were added, such as User Representativ&)X Designer. The task of
Analysts was enriched with new definitions to irduspecific work products for
UCDev as more understandable Screen prototypesadn phase of the process, there
was the correspondent validation and testing wibrsl as stated for UCDev and
OpenUP/UMM-ISO NL1. Over a period of a year the @coyun with the implementa-
tion of this level of configuration.

Good responses by users and successful achievefmgmject goals gained in the
first year motivated the team to adapt the protesise second level of configuration.
In the second year, the project configuration wgeracustomized by adhering to our
proposed OpenUP/UMM-ISO N2. Then method elemerda@ to the change, con-
figuration and quality management for usabilityifaots and processes were included.
The project continued on this configuration foulh $econd year.

51 Some lessonslearned

After these implementations, we analyzed two saiafeinformation to extract les-
sons from this experience. We get qualitative feelbfrom questionnaires to key
members of team project. Also we collected evidénam project repository, where
work products (plans, models, prototypes, testiegorts, etc.) are versioned and



stored. We sought for evidence supporting the faekllgot from questionnaires. We
found that adding the Practice UCDev and implementiconfigurations
OpenUP/UMM-ISO N1 and N2 had the effect to impréwe inclusion of UCD activ-
ities in the project and integrate usability taskthe whole team.

Both initial and specified requirements and incratreolutions could be validated
by users during the complete process. Also, theetdpert wasn’'t seen anymore as an
external auditor reviewing the designs made byrothem members. It was under-
stood that a set of practices and skills includedsolation and not framed in the
whole process would not have the desired effecéisenn improving the usability of
the final system.

It was possible to implement the practice in thejgut re-arranging available re-
sources, with a few modifications of the processlevhunning the project without
significant deviations from the initial planningdamith an increase in the degree of
user acceptance.

The move to a higher level of capability was corddcin a non-traumatic and
predictable way as long as before its starting éswelear what activities should
change, what skills would be necessary to imprawevahat to expect from this new
level of capability.

6 Concluding remarks and further work

A proposal of using a capability maturity modelraadmap for the predictable and
systematic improvement of usability processes ésgmted. In particular, we describe
the maturity model in usability in the ISO standardvhich identifies seven UCD
processes and a scale of capability that includekegels (from incomplete to opti-
mizing). We take the Unified Process in its agd@en source version (OpenUP).
After an assessment of it in the light of the UMBKI several shortcomings that can-
not be covered just by modifying ad hoc some oif theactices have been identified.
In the first place, it is necessary to incorponagev roles usually not taken into ac-
count in the process of development to transforimtdt a user centered process. This
implies not only engage stakeholders and end ubetsadd a new battery of skills
and abilities in the project. Also, the way to makal UCD activities related to the
UX must traverse the entire lifecycle. There isway to guarantee good levels of
usability in a product if all aspects of the qualitf the use are reduced to the design
of the user interface.

Our proposal has been to extend OpenUP so thanhibe instantiated as a UCD
process through two contributions. On the one hadded the new practice UCDev
to the EPL. This practice articulates specific rodtltontent items, their roles, tasks
and work products, taking as a reference the Wdecproposed by the UMM-ISO.
The second contribution is to extend the instaiotiabf OpenUP with three method
configurations that allow reaching usability capiabat levels 1, 2 or 3 in the UMM-
ISO. In these configurations is articulated as ficaavith the rest of the framework to
allow instantiations of the unified process whicincconform to the UMM-ISO.



These extensions have been implemented as pluginhé EPF to enable process
engineers to implement them as is or customize t&ng the EPF Composer.

Further works will include extending the analytigadrk on others instantiations of
OpenUP/UMM-ISO, full assessment of these instaotiatand evaluate the feasibil-
ity of OpenUP extensions to reach the highest eatlUMM-ISO.

Acknowledgments. The author thanks to the team of Project eSidifn{8fry of
Economy, Argentine) for the collaboration providagring the work reported here;
also to the reviewers for their insightful commetatshe first version of this paper.

7 References

1. Seffah, A., Gulliksen, J., Desmarais, M.C.: Hur@antered Software Engineering -
Integrating Usability in the Development Procesar(tan-Computer Interaction Series).
Springer-Verlag New York, Inc., Secaucus, NJ, U3805).

2. Bass, L., John, B.E.: Supporting Usability Thro&gtitware Architecture. Computer
(Long. Beach. Calif). 34, 113-115 (2001).

3. Folmer, E., Bosch, J.: Case studies on Analyzofgn@re Architectures for Usability.
EUROMICRO '05: Proceedings of the 31st EUROMICRO Confezeat Software
Engineering and Advanced Applications. pp. 206—2EBE Computer Society,
Washington, DC, USA (2005).

4. Mayhew, D.J.: The usability engineering life@ch practitioner’s handbook for the user
interface design. Academic Press, San Diego CA USAY).

5. Sharp, H., Rogers, Y., Preece, J.: Interactiesidh: Beyond Human Computer Interaction.
John Wiley & Sons (2007).

6. Joshi, A, Sarda, N.L., Tripathi, S.: Measurgifgctiveness of HCI integration in software
development processes. J. Syst. Softw. 83, 204B-ZTH.0).

7. Costabile, M.F.: Usability in the software lifgcte. In: Chang, S. (ed.) Handbook of
Software Engineering & Knowledge Engineering. VoFlndamentals. pp. 179-192.
World Scientific Publishing Company (2001).

8. Goransson, B., Lif, M., Gulliksen, J.: Usabilitgsign - Exteding Rational Unified Process
with a new discipline. In: Nunes, J. and Cunhdeds.) Interactive systems: design,
specification and verification. 10th InternatioNdbrkshop. Springer Verlag, Funchal,
Madeira Island, Portugal (2003).

9. Kruchten, P., Ahlqvist, S., Bylund, S.: User ifdee design in the rational unified process.
In: Harmelen, M. van (ed.) Object modeling and ustarface design. Designing
interactive systems. pp. 161-196. Addison-Weslaygnoan Publishing Co., Inc., Boston,
MA, USA (2001).

10. Heumann, J.: User experience storyboaBislding better Uls with RUP , UML , and use
cases. Ration. Edge. (2003).

11. Sousa, K.S., Furtado, E.: RUPi - A Unified Pescthat Integrates Human-Computer
Interaction and Software Engineering. In: Kazman Bass, L., and Bosch, J. (eds.) ICSE
Workshop on SE-HCI. pp. 41-48. IFIP (2003).

12. DSDM-Consortium: OpenUP/DSDM Plugin, http://pes.osellus.com/sites/wiki/OpenUP
DSDM/Wiki Pages/Home.aspx.

13. IconATG: Web Enabled UCD v1.0,
http://www.iconatg.com/iconprocess/plugins/web_dedbucd.

14. Beyer, H., Holtzblatt, K., Baker, L.: An Agile Qamer-Centered Method: Rapid
Contextual Design. In: Zannier, C., Erdogmus, Hd kBimdstrom, L. (eds.) Extreme



15.

16.

17.

18.

19.

20.

21.

22.
23.

24

25.

26.

27.

28.
29.

30.
31.
32.
33.
34.
35.

36.

Programming and Agile Methods - XP/Agile Univer€©2 SE - 6. pp. 50-59. Springer
Berlin Heidelberg (2004).

Holtzblatt, K., Wendell, J.B., Wood, S.: Rapid @otual Design. A how to guide to key
techniques for user centered design. Morgan Kaufim@an Francisco, USA (2005).
Nielsen, J.: Agile development projects andilisg
http://www.nngroup.com/articles/agile-developmentaisability/.

Joshi, A.: Index of Integration (lol), http:imw.idc.iitb.ac.in/~anirudha/ioi.htm.

Joshi, A., Sarda, N.L.: Evaluating Relative Cibations of Various HCI Activities to
Usability. Proceedings of the Third Internationah@wence on Human-centred Software
Engineering. pp. 166-181. Springer-Verlag, Berliejd¢lberg (2010).

Eclipse: Eclipse Process Framework Project JEPF
http://projects.eclipse.org/projects/technology. epf

OMG: Software & Systems Process EngineeringaNléodel Specification Version 2.0.
(2008).

Eclipse: Eclipse Process Framework Practiceakyb
http://epf.eclipse.org/wikis/mam/index.htm, (2008).

Eclipse: OpenUP version 1.5.0.1, http://epipsel.org/wikis/openup/.

Nielsen, J.: Corporate usability maturity: seafjet. Nielsen Norman Group (2006).

. Ehrlich, K., Rohn, J.A.: Cost justification cfability engineering: a vendors’s perspective.

In: Bias, R.G. and Mayhew, D.J. (eds.) Cost-justifyirsgbility. pp. 73—110. Academic
Press, Inc., Orlando, FL, USA (1994).

April, A., Coallier, F.: Trillium: a model fohe assessment of telecom software system
development and maintenance capability. Softw. Btand. Int. Symp. 0, 175 (1995).
Schaffer, E.: Institutionalization of Usabilit4 Step-by-Step Guide. Addison Wesley
Longman Publishing Co., Inc., Redwood City, CA, USAF4).

Bevan, N., Claridge, N., Earthy, J., Kirakowski,Proposed usability engineering
assurance scheme. (1998).

Jokela, T.: The KESSU Usability Design Proddsslel. Version 2.1, (2004).

ISO/IEC: 18529 Ergonomics of human system icteza. Human-centred lifecycle
process descriptions. (2000).

ISO/IEC: 15504 Information Technology and SofeM@rocess Assessment. (2006).
Earthy, J.: Usability Maturity Model: Processd999).

Rodriguez, A.: OpenUP/MMU-ISO. Soporte para oteso de desarrollo de software
conforme al Modelo ISO de Madurez en Usabilidad1(9.

Gulliksen, J., Goransson, B., Boivie, I., Blomkv$., Persson, J., Cajander, A.: Key
principles for user-centred systems design. BetmdvTechnol. 22, 397-409 (2003).
Krutchen, P.: The Rational Unified Process:raroduction. Addison Wesley, Reading MA
(1998).

Ambler, S.: The Agile Unified Process (AUP),
http://www.ambysoft.com/unifiedprocess/agileUP.html

Eclipse: EPF Composer 1.0 Architecture Overview,
http://www.eclipse.org/epf/composer_architecture/.



