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Abstract - Even though coming from different communities,
software engineering (SE) and Human-Computer Interaction (HCI)
engineering have similar goals: the definition of methods, techniques
and standards to support the development of software systems, and,
in particular for HCI, of interactive systems. Currently, several SE
approaches are largely applied in practice thank to the widespread use
of capability maturity models in companies. To benefit from this
situation and taking advantage of the similarity of SE and HCI goals,
we have studied how to support the developers that use these models
with approaches from HCI while developing interactive systems. In
this paper we present the part of this study regarding requirements
development process, an undoubtedly important area from software
life cycle. This study involves a detailed analysis of one of the most
known models (the CMMI-DEV - Capability Maturity Model
Integration for Developers) and interview with twenty experts in HCI
domain. As result, a set of HCI approaches to support the developers
in the requirements development process area is presented.

Keywords — Capability maturity model, Human-
computer Interaction

CMMI,

I. INTRODUCTION

In the last years, we have experienced a large production of
methods, techniques, guidelines and standards for the
conception, design, implementation and evaluation of
interactive systems focusing on Human-Computer Interaction
(HCI) issues. We can quote for instance the collections by
Sears and Jacko [1][2], Richter and Fliickiger [3], and Seffah
et al. [4][5]. Despite this, it is well known that HCI approaches
are not or are insufficiently used in a large number of
enterprises ([6][7]1[8]).

Software engineering community has also proposed
several approaches that are commonly used in industry (e.g.,
Unified Modeling Language [9], design patterns [10], function
point analysis [11], and so on). The dissemination® of software
capability and maturity models in industry has made software
engineering approaches even more used. These models are
collection of software engineering best practices that help
organization to improve their software processes. One of the
most known models is CMMI-DEV (Capability Maturity

1More than 10,000 official appraisals using the international model CMMI
(Capability Maturity Model Integration) are reported from over 82 countries.
The MR-MPS-SW Brazilian model reports more than 600 officially appraisals
since 2005.

Model Integration for developers [12]), an international model
widely used in several countries. National models are also
developed and used in different countries (e.g., the MR-MPS-
SW Brazilian model [13] and the MoProSoft Mexican model

[14]).

We believe that if HCI approaches were explicitly
integrated to CMMI, one could get better results about their
use in industry. This belief motivated us to investigate how we
could support the users from capability maturity models
(typically software developers) in the development of
interactive systems with the proposition of HCI approaches.
To that end, we analyzed the documentation of the
international capability maturity model (CMMI) and
interviewed twenty experts from HCI domain. This paper
presents in detail the part of this study concerned with the
requirements development process area, that we considered
the most relevant of this study. The paper is, therefore, mainly
focusing on the process of establishing the list of adequate
HCI approaches that could support software developers of
CMMI-DEV.

In the next section we present a background where we
briefly describe the main features of capability maturity
models, HCI engineering and its main related works with
software engineering. In section Ill, we present our study,
from the used methodology to the synthesis of the results.
Finally, in section 1V we conclude the paper by describing our
on-going works.

Il. BACKGROUND

A. Capability Maturity Models

Capability Maturity models aim to support organizations to
define an evolutionary improvement path from immature to
disciplined processes, maturity processes with improved
quality and effectiveness [12]. To that end, they are composed
of software engineering best practices of effective processes
for areas of interesting (such as requirements, management,
quality, etc.). In the last two decades several capability
maturity models have been developed. Von Wangenheim et al.
[15] identified 52 models that cover different domains (such as
software engineering, e-commerce, and security).

Capability Maturity Model Integration for Development
(CMMI-DEV) [12] is an international model for software
engineering domain widely used in several countries. In their



study von Wangenheim et al. [15] concluded that 50 from the
52 identified capability maturity models are defined based on
CMM/CMMI models. Other models are defined to be
compatible with CMMI-DEV (for instance, the Brazilian
model MR-MPS.BR [13] holds that when used in companies
imply that CMMI-DEV is being also implemented and can be
formally appraised). Due to this importance, we chose to
perform our study based on CMMI.

The core element of CMMI-DEV is the process area. A
process area is a cluster of related practices in an area that,
when implemented collectively, satisfies a set of goals
considered important for making significant improvement in
that area. CMMI-DEV [12] version 1.3 consists of 22 process
areas organized in four categories: engineering, support,
project management and process management. A process area
has 1 to 3 Specific Goals (SG). The SG is composed of
Specific Practices (SP), which describe software engineering
best practices that are specific to a single process area. Generic
goals and generic practices are defined to be applied in all
process areas. To support the interpretation and
implementation of the practices, typical work products and
guidance, defined as subpractices, are provided. Fig. 1
illustrates the CMMI model components.

Purpose Introductory Related
Statement Notes ProcessAreas
Generic Goals

Process Area

Specfic Goals

Legend

7 AN
Specific Genefic
Praciices Practices

Generc
Subpractices Practice
Elaborations

Fig. 1. CMMI model components [12]

Moreover, CMMI-DEV uses the concepts of levels to
describe the evolutionary path for an organization that wants
software process improvement. Two types of levels are
defined: capability and maturity levels. The capability levels
enable organization to incrementally improve an individual/ or
group of process area. The maturity levels enable the
organizations to improve processes by incrementally
addressing successive set of predefined process areas.

For the best of our knowledge there is no work that
integrates HCI approaches to capability maturity models for
software engineering. However, several capability maturity
models are defined specifically for usability. In this context a
large survey ([16], [17]) presented thirteen usability capability
and/or maturity models. These models are based and used the
structure of the CMM (Capability Maturity Model) [18],
CMMI [12] and 1SO 13407 [19]. According these authors, the
usability models are “methods for developing user-centered
design processes in companies in order to facilitate usability
methodologies for creating usable products”. They identified
that, in general, the models cover different organizational
areas such as: performance of usability processes (user
analysis, task analysis, and usability evaluations), and
management of usability processes in development projects.

In a more recent work, Raza et al. [20] proposed a specific
usability maturity model for open-source projects defining
eleven key-factors for usability (such as, user’s requirements,
user’s feedback, usability learning, user-centered-design
methodology, etc.). The assessment is performed for all key-
factors and the rating of the organization considers five levels
of maturity. However, the authors recognize that the model
does not provide explicit guidelines for improving the
usability of projects, only a structure of evaluation.

All these works deal with HCI issues (focused on
usability) isolated; that means, with no integration with the
software engineering activities as defined in CMMI.
Moreover, they were defined as research projects and are not
really applied in industry (as CMMI).

B. HCI and Software Engneering

HCI Engineering defined over the years various
techniques, methods, life cycles, guidelines and standards to
support the development of interactive systems. Some of the
most known life cycles are: the star lifecycle [21]; Nielsen
usability engineering [22], and Mayhew usability engineering
[23]. Furthermore, software engineering classical life cycles
(as v-model, spiral, etc.) were also adapted with HCI design
activities (see for instance [24][25]).

Moreover, usability standards ([26][27][28]), and specific
approaches regarding HCI issues are proposed to support the
analysis, design and evaluation of interactive systems
([11[29]). Particularly for requirements and analysis, we can
quote the methods for user requirements elicitation (see for
instance [30]) and task modeling formalisms ([31]).

Some proposals have investigated how to integrate HCI
techniques in the software development process, as follows:

o Ferre et al. [32][33] defined a framework that
integrates practices of usability in the software
process. To that end they identified the main activities
of a user-centered software process (such as:
specification of the context of use, usability
specifications, prototyping, and usability evaluation)
and a set of 35 techniques to support these activities.

e Silva et al. [34] executed a systematic review where
they identified, categorized and summarized
technologies that have been used for improve the
usability within software development process. For
them a technology can be a method, technique, model,
tool, approach, and other proposal created by the areas
of HCI and SE.

e Fischer [35] and Fischer et al. [36][37], propose the
integration of usability engineering and HCI through
the analysis of standards (ISO 12207 and 1SO 9241-
210). The result of analysis presents lists of activities,
artifacts and correlations of HCI and software
engineering, which were validated by HCI experts.

Although the existence of these works, some authors
shows that HCl/usability approaches are not used or little used
in industry. Bevan [7] argues that usability standards are not
used in industry because of the complexity of their
documentation, being not easy for designers to use them. Hao



and Jaafar [6] reports a survey with Malaysia companies’
practitioners performed to understand and evaluate the
practice of usability. They concluded that although most of the
respondents know about usability, no budget supports the
implementation of usability work in the companies. A recent
empirical study [8] investigates the importance of usability
issues for small and medium size software companies in
Germany. They concluded that they rarely used usability
methods.

I11. DEFINING HCI APPROCHES TO CMMI

Based on the background previously presented we were
motivated to investigate how we could support software
developers that use CMMI-DEV with the identification of
approaches that could support the implementation of the
specific practices of the process areas of this model [38].
These approaches can be introduced as subpractices in each
specific practice.

As previously presented, CMMI-DEV is composed of five
categories of process areas. Considering that our focus was the
engineering activity, that means activities to support the
development of interactive systems, we decided to concentrate
our study in the process areas of the engineering category.
Moreover, the other categories are more generic for any kind
of system and support all processes.

Our study followed three main phases as presented in Fig.
2. In the first phase, we analyzed CMMI-DEV process areas.
From this analysis and considering the HCI literature we
proposed a set of HCI approaches organized into categories
for the process areas of engineering. Then, in the second phase
we interviewed experts in the HCI domain to evaluate the
propositions and to identify other approaches. The last phase
was the analysis of the results and synthesis of the final set of
HCI approaches organized into categories.
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Fig. 2. Research Methodology

The engineering category of CMMI-DEV is composed of
five process areas (Fig. 3): Requirements Development (RD),
Technical Solution (TS), Product Integration (PI), Validation
(VAL) and Verification (VER). All phases of our study were
performed for these five process areas. In this paper, we detail
only the study for Requirements Development. As can be
noted in Fig. 3 this process area is essential in the engineering
category since all the other process areas depend of it. Next
sections present each one of the phases of our study focusing
on Requirement Development practices presented in Fig. 4.

A. Analysis of CMMI

The analysis of CMMI documentation consisted of reading
the description of the specific goals and practices of the
Requirements Development process area looking for any
citation of HCI issues.

i Product

Alternative solutions
s
components Product
RD TS
J Requirements
Requirements, Product

components, work
AN Customerneeds /

Customer

products, verification
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Legend: Pl = Product Integration, RD = Requirements Development, TS = Technical Solution,
VAL = Validation and VER = Verification

Fig. 3. Engineering process areas [12]

SG 1 Develop Customer Requirements

SP 1.1 Elicit Needs

SP 1.2 Transform Stakeholder Needs into Customer Requirements
SG 2 Develop Product Requirements

SP 2.1 Establish Product and Product Component Requirements

SP 2.2 Allocate Product Component Requirements

SP 2.3 Identify Interface Requirements
SG 3 Analyze and Validate Requirements

SP 3.1 Establish Operational Concepts and Scenarios

SP 3.2 Establish a Definition of Required Functionality and Quality
Attributes

SP 3.3 Analyze Requirements

SP 3.4 Analyze Requirements to Achieve Balance

SP 3.5 Validate Requirements

Fig. 4. Requirements development process area [12]

We start seeking any explicit citations of HCI engineering
by looking for: (i) HCI keywords (for example, external
interface, end user, prototype); (ii) examples of techniques or
methods of HCI (e.g. end-user task analysis, HCI models); and
(iii) examples of work products (e.g. interface design
specifications, user manual). Then, we looked for citations that
were not directly related to HCI Engineering but that we could
interpret in benefit of the use of it. We classify this
information as implicit citations. Explicit and implicit citations
were highlighted in the text and reviewed together by the three
authors of this paper.

Fig. 5 shows an example of explicit citation identified for
the RD process area. We note the importance of involving the
end-user in the requirements elicitation and the use of
techniques that are related to HCI for this purpose. These
citations are highlighted as explicit since it mentions the words
"end-user tasks analysis" and "prototypes and models" which
are approaches used in HCI.

SP 1.1 Elicit Needs

Elicit Ider needs, ex,
for all phases of the product lifecycle.

, constraints, and interfaces

Eliciting goes beyond collecting requirements by proactively identifying
additional requirements not explicitly provided by customers. Additional
requirements should address the various product lifecycle activities and
their impact on the product.
{ Examples of techniques 1o elicl needs ndlude the folowing: |
E- Technology demonstrations
H Interface control working groups
Technical control working groups.
Interim project reviews.

Questionnaires, interviews, and scenarios (operational, sustainment, and development) .
oblained from end users H

Operational, sustainment, and development walkthroughs and end-user task analysis
Quality attribute elicitation workshops with stakeholders

Prototypes and models H
Brainstorming

Fig. 5. Analysis of Requirements Development process area (extract from

[12])



Table |

presents our

findings for

development process area.
TABLE I. ANALYSIS OF CMMI-DEV - SPECIFIC PRACTICES OF RD

requirements

Requirements Development (RD) Type of
Specific Practice Information of HCI citation
SP 1.1 Elicit | Subpractice 1: “Engage relevant | Explicit
stakeholder needs, | stakeholders using methods for
expectations, eliciting  needs, expectations
constraints, and | constraints, and external interfaces.”
interfaces for all | Examples of techniques:
phases  of  the | “Questionnaires, interviews, and
product lifecycle. scenarios obtained from end users”,
“end-user task analysis” and
“prototypes and models”
SP 1.2: Transform | Subpractice 2: “Establish and | Implicit
stakeholder needs, | maintain a  prioritization  of
expectations, customer functional and quality
constraints, and | attribute requirements.”
Interfaces into
prioritized customer
requirements.
SP 2.1: Establish | Subpractice 3: “Develop | Implicit
and maintain | architectural requirements capturing
product and product | critical quality attributes and quality
component attribute measures necessary for
requirements, which | establishing the product architecture
are based on the | and design.”
customer
requirements.
SP 2.2: Allocate the | - -
requirements for
each product
component.
SP 23: Identify | - -
interface
requirements.
SP 3.1: Establish | Subpractice 4: “Develop a detailed | Explicit
and maintain | operational concept, as products and
operational concepts | product components are selected,
and associated | that defines the interaction of the
scenarios. product, the end user, and the
environment, and that satisfies the
operational, maintenance, support,
and disposal needs.”
SP 3.2: Establish | Subpractice 2: “Identify desirable | Implicit
and maintain a | functionality and quality attributes.”
definition of
required
functionality  and
quality attributes.
SP 3.3: Analyze | Subpractice 1: “Analyze | Implicit
requirements to | stakeholder needs, expectations,
ensure that they are | constraints, and external interfaces
necessary and | to organize them into related
sufficient. subjects and remove conflicts.”
SP 3.4: Analyze | Subpractice 1: “Use proven | Explicit
requirements to | models, simulations, and
balance stakeholder | prototyping to analyze the balance
needs and | of  stakeholder  needs and
constraints. constraints.”
SP 3.5: \Validate | Subpractice 3: “Assess the design | Explicit
requirements to | as it matures in the context of the

ensure the resulting
product will perform
as intended in the
end user's
environment.

requirements validation
environment to identify validation
issues and expose unstated needs
and customer requirements.”
Examples of technique:
“Prototyping”.

We analyzed 10 practices and we found that 8 practices
address HCI approach. For each specific practice it is shown
the exact transcription of the documentation where explicit or
implicit citations were identified (underlined information). We
note explicit citations that mention HCI approaches, such as
the examples of techniques for requirement development
(SP1.1 end-user task analysis, prototypes), prototyping use for
requirement development (SP3.4 and SP3.5). Implicit citations
can also be found. The need of quality attributes requirements
(SP1.2), for instance, implies consider usability (1SO 9241-11
[39]), in the case of interactive systems.

As can be noted in Table | we did not find any explicit or
implicit citation for two practices: SP2.2 and SP2.3. Indeed,
these practices are more related to functional aspects of the
system. SP2.2 refers to the allocation of functional
requirements to software components. SP 2.3 is related to the
internal interface between functional components not
associated to HCI itself.

After identifying all citations, we organized them
separately to identify the main approaches related to HCI
engineering. Fig. 6 presents a summary of this analysis, where
we show the main citations (implicit and explicit) for RD
process area. Analyzing the citations we identified five groups
of approaches, that we call categories: prototyping, techniques
to validate requirements, methods of end-user tasks analysis,
detailed operational concept and scenarios, standards and
guidelines for design interfaces and end-user documents. For
example, the citations in the practices SP1.1, SP1.2, SP2.1 and
SP3.3 refers to requirements analysis and documentation that
are usually supported for approaches like CTT, HTA, K-MAD
[31].

After this first analysis, we refined the categories
considering the literature and our own experience in HCI.
Table 11 presents the final set of HCI approaches indicating to
which specific practices should be used when implementing
CMMI-DEV for the design of interactive systems.

methods foreliciting needs,
expectations, constraints, and SP1.1
externalinterfaces

Methods of
end-usertasks
analysis

scenarios obtained from end SP1.1
users, end-usertask analysis ]

quality attribute  SP 1.2 )
requirements Legend
. " SP21
architectural requirements approach
capturing critical quality n
aitributes operaltjisr‘\aallli‘:ncept
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T §P3.2 guidelines for bat\geen cnam;‘n
design interfaces and approac
analyze stakeholder SP3.3 and end-user —
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SP34
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Fig. 6. Analysis of the citations (implicit and explicit)

requirements




TABLE II. HCI ENGINEERING TO SUPPORT CMMI

Specific Practice
SP1.1
SP1.2
SP21
SP 3.3

HCI Engineering Approaches to support CMMI
Task Analysis Methods for HCI
Examples:
* CTT (Concur Task Tree)
* K-MAD (Kernel of Model for Activity
Description
* HTA (Hierarchical Task Analysis)
* SADT (Structured Analysis and Design
Technique)
* GTA (Groupware Task Analysis)
Prototype for HCI requirements
Examples:
* Rapid Prototyping
0 Offline techniques: Paper and pencil (paper
sketches, storyboards), Mockups, Wizard of Oz,
Video prototyping
T Online techniques using software tools: Non-
interactive simulations, Interactive simulations,
Scripting languages
Operational Concepts and Scenarios Specification
for HCI
Examples:
« Context awareness
 Adapting to context
« User profile
* Persona
« Use cases
Standards and  Guidelines for
documentation of HCI
Examples:
« Ergonomic Criterion ([40])
« ISO/IEC 9126-1 (2001)
* ISO 9241-11 (1998)
« ISO/IEC 25000 (2014)
Techniques to validate HCI requirements
Examples:
* Proto Task (K-MAD)
* Task Model Simulator (CTT)
* Focus Group to validate requirements

SP1.1
SP35

SP3.1

SP 3.2 design and

SP 3.4

B. Interview with Experts

With the set of approaches identified, organized into
categories and associated to each specific practice of RD, we
planned a validation of this first proposal with experts in HCI
domain. In this section we present the planning and execution
of the interviews.

1) Planning

To plan the interviews we elaborated the following
protocol:

e Object of the study - Set of HCI approaches and
practices of requirement development process area of
the CMMI-DEV model.

e Objective - Validate if the proposed set of HCI
approaches support the practices of requirement
development process area of the CMMI-DEV model.

e  Subjects - HCI experts from different countries. They
were selected by convenience from the research
contacts of one of the authors and from they
reputation recognized by the community.

e Instrumentation - A specific questionnaire (see part
of the questionnaire in Fig. 7) was elaborated in three
languages: English, French and Portuguese. For each
specific practice, the experts should answer if they

agree, partially agree or do not agree that the
associated HCI approach supports the practice.

e Results Validity - To analyze the results we
considered the threats of validity proposed by Wohlin
et al. [41], that is construct validity, internal validity,
conclusion validity, and external validity. We
analyzed each one of them trying to define some
mitigation as described below.

Threats to the construct validity illustrate from the relation
between theory and observation, and the questions of whether
the treatment adequately reflects the cause; whether the result
adequately reflects the effects. To minimize this threat we
built the questionnaire using the original text extracted from
the official documentation of CMMI-DEV (in the three
languages). Moreover, we had the official documentation
during the interview to be consulted in case of doubts.

Threats to the internal validity draw from influences that
can affect the independent variables with respect to causality
without the researchers’ knowledge. In our case study this
threat is associated with the experts involved in the evaluation.
The experts were selected by convenience, researchers known
by the authors. The experts should evaluate if they agree that
the HCI could support the practices and therefore we assumed
that the experts knew the proposed approaches. To minimize
this risk, we selected only professionals (professors or people
from industry) that have experience in HCI domain and have a
PhD degree level. We decide that it was not necessary the
experts know CMMI since the practices of process areas from
engineering category are typical in the production of software
systems. Moreover, we decided to get the opinions by
interview where we could clarify each doubt they could have
while answering the questionnaire. The authors that made the
interviews know CMMI and already participated in officials
CMMI appraisals.

Threats to the conclusion validity are those that affect the
ability to draw the correct conclusion about the relation
between the treatment and the outcome of our study (in our
case the HCI approaches associated to each specific practice).
To reduce this risk we decide to perform interviews
individually and not using survey. In this way when the
experts disagrees or partially agree with the associated
approaches, they were asked to justify their opinion and if
other proposals could be made. We decided also, to classify
the experts in seniors (with experience greater than or equal to
19 years) and juniors (with experience less than 19 years).
Each suggestion of modification should be confirmed at least
by one senior expert. The more senior experts suggest a
change, the more accurate is the proposition of change. The
chose of experts by convenience could also be a threat in the
sense that they could feel not confortable to discord of the
propositions. To mitigate this bias the author who knows some
of the experts did not participate in any interview and the other
authors that did the interviews explained clearly that the
propositions were only an initial not validated set that needed
to be improved.

Finally, threats to the external validity are conditions that
limit our ability to generalize the results of our experiment
outside the scope of our study. To minimize this risk we



decide to perform the interview with experts from different
countries. However, since the subjects were selected by
convenience, we had more experts from the countries from the
origin of the authors. We accepted this risk considering that
the experts are well-known by the HCI community.

2) Execution

HCI experts answered the questionnaires during individual
face meetings (either in person or by video conference). Fig. 8
presents an activity diagram that represents how the interview
was performed. We start by presenting the goal of the study,
and explaining CMMI-DEV in general. Then, we asked their
personal information (time work in HCI (years), if they know
CMMI model, their experience and education). After that, for
each specific practice we asked their opinion about the
proposed approach associated to each practice. When they
disagree or partially agree, they should justify with a
description in the justification column (see Fig. 7). In the same
time, the interviewer takes notes of  verbal
observations/explanations performed by experts during the
interview.

Twenty experts were interviewed. The interviews were
performed for the five process areas from engineering
category. They were not recorded, and all the information
collected was registered in the questionnaire by the expert
when in person or by the interviewer and/or the expert when
by videoconference. Moreover, the interviewer took informal

notes of interest comments made by the experts (references,
sites do be later consulted, example of tools, etc.). Each
interview took on average slightly more than one hour (we had
24 hours and 52 minutes of interview in total).

Table 111 presents the demographic data from the experts
(seniors (s) and juniors (j)). We note that in average they have
19 years of experience (from 7 to 40 years). They have
different nationalities: 12 from France, 5 from Brazil, 1 from
Belgium, 1 from Tunisia, and 1 from Algeria. All of them
have teaching experience, 14 have experience in industry, and
7 come from software engineering domain as well as HCI.
Moreover, 6 know CMMI model (although this was not
required for answering the questionnaire and we consider has
no impact for the results).

C. Analysis and Synthesis

After finishing all interviews we performed the descriptive
quantitative and qualitative analysis of the data. First of all, we
analyze the general results for all practices of Requirements
Development. As previously describe 8 practices were object
of our study. For 7 of them we had proposed one category of
HCI and for one of them (SP.1.1) we proposed two categories
of HCI approaches. As consequence, we should have 180
answers to analyze (since we performed 20 interviews).
However, for the practice SP3.4 one expert preferred to not
give his opinion since he did not know some of the presented
techniques. As consequence, we got 179 responses to analyze.

Process Area and Specific Specific Practice (SP) Methods, techniques, standards Answer Justification
Goal (SG) and patterns of HCI 1
| agree | partially ! d(;n,t
agree agree
Requirements Development | SP 1.1 Elicit Needs Task Analysis Methods for HCI X “Task Analysis is
Elicit stakeholder needs, | Examples: further modeling
SG 1 Develop Customer | expectations, constraints, | * CTT (Concur Task Tree) activity than an
Requirements and interfaces for all | « K-MAD (Kernel of Model for elicitation
Stakeholder needs, phases of the product | Activity Description activity.”
expectations, constraints, lifecycle. * HTA (Hierarchical Task
and interfaces are collected Analysis)
and translated into customer * SADT (Structured Analysis and
requirements. Design Technique)
* GTA (Groupware Task
Analysis)
Prototype for HCI requirements X “Since that has
* Rapid Prototyping not focusea[ on
[J Offline techniques: Paper finding the
and pencil (paper sketches, solution. It may
storyboards), Mockups, Wizard be too early.”
of Oz, Video prototyping
0 Online techniques using
software tools: Non-interactive
simulations, Interactive
simulations, Scripting languages -
SP 1.2 Transform Task Analysis Methods for HCI - X “It is high level of
Stakeholder Needs into Examples: abstraction. To
Customer Requirements * CTT (Concur Task Tree) add Scenarios and
Transform stakeholder | < K-MAD (Kernel of Model for textual
needs, expectations, | Activity Description representations.”
constraints, and interfaces | *« HTA (Hierarchical Task
into prioritized customer | Analysis)
requirements. * SADT (Structured Analysis and
Design Technique)
* GTA (Groupware Task
Analysis)

Fig. 7. Extract of the questionnaire



Interviewer

Expert

DEV overview

[not
concluded] | Ask opinion

about HC|

practice n

Explain goal of the
study and CMMI-

Ask personal
information
Present the
questionnaire

approaches for

Respond about
experience and
education

approaches

Verify completion of
the questionnaire

[concluded]

["agree"]

Respond about the
support of the HCI

["partially
agree" or "do
not agree"]

Justify
response

Fig. 8. Interview sessions

TABLE Ill. LIST OF EXPERTS

Expert Time Know Industry PhD Origin
’ workin | CMMI | experience domain
HCI model
(years)
Elj 13 No No HCI France
E2s 25 No Yes HCI France
E3j 8 No No HCI France
E4j 8 No Yes SE and HCI France
E5s 25 Yes Yes SE and HCI France
E6s 26 No No HCI France
E7s 27 Yes Yes SE and HCI Belgium
E8s 20 No Yes HCI Brazil
E9j 10 No No HCI Brazil
E10s 25 No No HCI France
Ells 20 No Yes SE and HCI France
E12s 40 Yes Yes SE and HCI France
E13j 12 No Yes SE and HCI France
E14j 7 Yes Yes SE and HCI France
E15j 10 No No HCI Brazil
E16s 30 Yes Yes Computer France
Science and
HCI
E17s 27 No Yes Computer Tunisia
Science and
HCI
E18s 21 No Yes Computer Brazil
Science and
HCI
E19j 10 Yes Yes Computer Brazil
Science and
HCI
E20s 27 No Yes Computer Algeria
Science and
HCI

* j=junior, s= senior

Fig. 9 presents the general results for all practices
considering the three possible answers: 47% agree (85
responses), 46% partially agree (82 responses) and 7%
disagree (12 responses) with the propositions.

| don't agree
7%

| agree
47%

Fig. 9. General results

Fig. 10, Fig. 11 and Fig. 12 present the details of these
results by practice and considering the profile of the expert. A
joint analysis of the three graphs shows the following remarks:

6 practices from the 8 presented at least one response
“I don’t agree”; where the minimum was 1 disagree
for SP3.2, SP3.3, SP3.4 and SP3.5, and the maximum
was 5 disagrees for SP1.1 (2 for the approach Task
analysis and 3 for prototype). Despite of this, there
were very few disagreements (7 from junior experts
and 5 from senior experts).

For two practices (SP1.2 and SP2.1), the approaches
proposed were confirmed either completely (“I
agree”) or partially (“I partially agree”) with no
disagreement. The partially agree was equilibrated
among seniors and juniors experts. The justifications
can generate some modifications.

SP3.3 was the practice with more agreements (15).
The 4 partially agree come half from seniors and half
from junior experts (an analysis of the justifications
will later presented). This result indicates that the
category proposed for this practice is adequate and
should be kept.

All practices presented “I partially agree” as response;
where the minimum was 4 responses for SP3.2 and 17
responses for SP1.1 (12 for Task Analysis category
and 7 for prototype). Most of the answers were given
by senior experts (except for SP3.3 where we have the
same number of seniors and juniors, for all other
propositions we had much more seniors that partially
agree than juniors). For sure, the justifications for
these answers should be carefully analyzed in order to
identify modifications of the set of categories).

To complete our descriptive analysis we also compute the
mode and median value presented in Table IV. Since almost
all practices had 20 answers (except for practice 3.4 as
previously described) the median value was defined with the
10™ and 11" element. When they are different the decision
was considered based on the mode. The practice 3.4 was
bimodal and the decision was based on the median. Analyzing
the decision result of Table IV we note we have 5 agreements,
4 partially agreements, and no disagreement which indicates
our proposition is valid but should be improved. In this way,
we conducted a qualitative analysis of all justifications.
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For qualitative analysis we organized in a single form all
comments wrote by each expert for each practice and
associated approach. For this part we analyzed each comment
for each individual answer according to the following steps: (i)
first, all comments were analyzed by an author in order to
identify if there were proposal for improvements or exclusions
of categories or new approaches proposed; (ii) second, the
comments were organized in groups of similarity of
propositions; (iii) third, the groups of comments were
reviewed by two authors; (iv) finally, the propositions were
reviewed by all authors in a three-hours meeting.

To better explain this process we show an example of the

T T “ © & . .
A £ o & §‘° 5 analysis for the practice SP1.1. Table V presents the part of
& 5 & 2 .
Sy §F S8 5 form for the practice SP1.1. The comments of each expert
€ qia g@? &8 gﬁiﬁ were transcribed exactly equal from their questionnaire to the
&N T & . - . - .
& o Sy ‘g?&@bg'” column in which it was given the answer (I agree, | partially
i agree, | do not agree).
Fig. 10. Quantitative results by practice TABLE IV. MODE AND MEDIAN OF THE RESULTS
10 Practice | HCI Approaches Mode Median Decision
9 9 = Seniorexpert = Junior expert SP1.1 Task Analysis Partially | Partially agree | Partially
6 Methods for HCI agree agree
SP1.1 Prototype for HCI Agree Partially agree Agree
7 requirements and Agree
8 SP1.2 Task Analysis | Partially Partially agree Partially
: Methods for HCI agree agree
SP2.1 Task Analysis Agree Agree Agree
4 Methods for HCI
3 SP3.1 Operational Agree Partially agree Agree
5 Concepts and and Agree
Scenarios
! Specification ~ for
0 HCI
SP11 SP12 r SP21 SP33, SP11 . SP35 sz 31 s: 34 32‘?3,2 SP3.2 Standards and Agree Agree Agree
o Iy fF.o 08 & Guidelines ~ for
S & s ¥ Fe G’%? £ design and
% & FL Pf o 5 documentation of
S S& 388 g8 ses HCI
F & & Tl
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T NP N 65'75‘ Methods for HCI agree agree
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Fig. 11. Quantitative results to “I partially agree” validate . HCI a%;\ee and agree
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Fig. 12. Quantitative results to “I don’t agree”

In the first step (i), one of the authors analyzed all the
comments. For Task analysis methods for HCI, 12 experts (7
seniors and 5 juniors) partially agree and 2 experts (1 senior
and 1 junior) disagree. All comments indicate, in general, that
these methods were not enough, and others should be used.
The two disagreements suggest that elicitation techniques
should be used before task modeling methods. For I partially
agree ” answer, the experts suggested some techniques.

In the second step (ii) the suggested techniques were
separately organized in a different document (see Table VI).
Thus, based on literature [29][30], the techniques were
grouped in two different categories: Techniques to identify
user needs (techniques marked in gray in Table V — 3 seniors
and 5 juniors) and Techniques to identify user and
organizational requirements (the one marked in black — 6
seniors and 2 juniors).




TABLE V. EXAMPLE OF ANALYSIS FOR THE PRACTICE SP1.1.

Category Practice Answer — | Answer - | partially agree Answer — 1 don’t Conclusion
agree agree
Task SP 1.1 Elj E3j- “It is not enough. I suggest E9j- “Task Analysis | Inclusion of 2 new
Analysis E2s defining a new category Interview.” is further modeling | categories:
Methods for E5s- “To E4j- “It is not enough. I suggest activity than an (i) “Techniques to
HCI include a techniques for description of eficitation activity.” | identify user needs”
new requirements.” E12s- “Use informal | (Proposed by 3 senior
category ET7s- “It is not enough. It does not techniques.” ex_per_ts: E5, E8, E11, and
Interview.” express requirements. I propose to 5 junior experts: E3, E4,
E6s include VOLERE, RESCUE. See E14, E15, E19) - Total: 8
E13j methods in ISO 24744.” ez(pirts .
E20s E8s- “To add other representations of .(:11) "_[echmquezto
tasks such as: scenarios, persona, Iorer;:if;/al:izer:aéin
storyboard (descriptive gar (" d
representations). The task model Beq;l;zg}grrl esx (é)rrt:P ES;
represents the HOW, other techniques E)E/} E10 E11 %16.E17’
represent WHAT. Suggests the E18, et 2 junior experts:
inclusion of a new category with E14, E15) - Total: 9
methods such as: field study, experts
interviews, brainstorming.”
E10s- “It is not enough. There is a step
between obtaining the needs and tasks
analysis. I suggest including personas
and scenarios.”
Ells- “It is not enough. I suggest the
inclusion of Questionnaires, Focus
Group, Scenarios and Personas.”
E14j- “Tt is not enough. There is a step
before. I suggest including scenarios,
Focus Group and Questionnaires.”
E15j- T Suggests to include techniques
to requirements elicitation:
Brainstorming, Questionnaires,
Interview, Observation, and
Ethnography. Also, to include
Scenarios.”
E16s- “Before the model we need to do
the tasks analysis. I suggest the
inclusion of a new category Methods
to task analysis.”
El7s- “Tt does not integrate the
contextual aspect.”
E18s- “To add Scenarios and Personas.”
E19j- “Include techniques to bring the
vision of all stakeholders for
development (Interviews).”
Prototype for | SP 1.1 Elj E8s- “Since that has not focused on E3j- “I think it is Exclusion of the category
HCI E2s finding the solution. It may be too early to build a “Prototype for HCI
requirements E4j early.” _prototype.” requirements” (proposed
E5s Ells- “Only if it is to discuss the design | E10s- “It's not the by 4 senior experts: E8,
E6s with the team.” right time.” E10,E12,E20and 1
E7s E15j- “To consider Experience E12s- “The junior expert: E3)
E9j _prototype for the developer.” prototype should Total: 5 experts
E13J_ E16s- “Before the model we need to do only be used as a . .
El4 the tasks analysis. I suggest the form of user The suggestions will be
E19j reaction.” considered in the

inclusion of task analysis.”

E17s- “It does not integrate the
contextual aspect.”

E18s- “Since that has not focused on
finding the solution. To present
different versions.”

E20s- “T think it is early to use online
techniques.”

recommendations format
for our study. (E11, E15,
E18)

E16, E17 (senior experts)
— Their suggestions were
considered in the new
category “Techniques to
identify user and
organizational
requirements”’




While analyzing the techniques and considering our notes
from the interviews, we observed that the approaches cited in
Task analysis methods are related only to the task modeling,
and that task analysis was an approach to identify users and
organization requirements suggested by 2 senior experts. As
consequence, we decided to rename the category Task
Analysis Methods for HCI to Task Modeling.

In the third step (iii) two of the authors re-analyzed the
comments and confirmed the need of creation of the two
categories for identification users’ needs and requirements.
Analyzing the comments from disagreement and partial
agreement, we noted that they suggest the same idea: methods
of elicitation should be performed to support this practice. A
senior and a junior expert disagree with the use of task
modeling approaches. The junior suggests eliminate it but the
senior suggested only to integrate others. Analyzing the 12
partially agreements, we observed that they argued that task
modeling approaches are not enough. In our notes from the
interviews, we found that they said the task modeling in this
phase might help when designed in a very high-level of
abstraction to understand the general sequence of tasks. Since
we had 12 partially agreement that only suggests new
approaches, and 6 agreements, we decided to keep this
category to support this practice in our final analysis meeting
(fourth step (iv)).

TABLE VI. ANALYSIS OF THE PRACTICE SP1.1

Expert
o o o 2 2| 2] 2| =
5 05 51 51 8 g 2 g g g g 2
9 2| | &l gl g <€ € € €| g €
S 5|55 g g 3 3 g g g 2
. 2 2 3
Technique o I B ] s | e [ ) ] ]
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Description  of
Requirements
Interview
Questionnaire
Brainstorming
Field study
Scenarios
Personas
Storyboard
Focus group
Ethnography
Task analysis

Organizational
Context

-

-

In the analysis of the category “Prototype for HCI
requirements” in SP1, we note that we had only three
agreements. Moreover, for the responses (2 senior experts and
1 junior expert) as “I don’t agree” we note that the experts
argue it is early to build a prototype or this cannot have the
purpose of finding the solution. We note that the 7 responses
classified as “I partially agree” (6 senior experts and 1 junior
expert), the experts argues in the same way than the experts
that responded as “I don’t agree”. Therefore, we concluded in
our final analysis meeting that this category should be
excluded from this practice.

In the same way, we analyzed all practices. We identify
some modifications as follows:

e As previously described the Task analysis methods for
HCI was renamed to Task modeling. The category
Standards and Guidelines for design and
documentation of HCI was simplified to consider only
the design since they consider the documentation is
not covered in the standards.

e For SP1.2 we had 12 partially agreement and no
disagreement. In the justifications 4 experts (3 seniors
and 1 junior) suggest the use of techniques to user
requirements already identified previously in the
category  Techniques to identify user and
organizational requirements. Moreover 3 experts
suggest including prototype and 3 to use the standards
as a way to prioritize the quality requirements.

e For SP2.1, we had 9 partially agreements and no
disagreements. 4 experts (1 senior and 3 junior)
suggest including the use of the standards to establish
requirements for user interfaces.

e For SP3.1, The category Operational Concepts and
Scenarios Specification for HCI was eliminated since
the experts justified their partially agreement showing
that this category was a miscellaneous of approaches.
However, the relevant approaches were placed in the
new category Techniques to identify user and
organizational requirements and therefore associated
to this practice.

e Finally for SP3.5, we had 9 partially agreement (5
from senior and 4 from junior experts). From them 5
experts suggest including the category of Techniques
to validate requirements to support this practice.

Table VII presents the summary with the proposition
submitted for evaluation of the experts and the final set of
categories for each specific practice.

TABLE VII. SET OF CATEGORIES (BEFORE AND AFTER VALIDATION WITH
EXPERTS)

Methods, techniques,

Specific Practice standards and
(SP) patterns of HCI
(Before)

- Task Analysis

Methods for HCI

- Prototype for HCI

requirements

Methods, techniques,
standards and
patterns of HCI
(After)

- Task Modeling

- Techniques to
identify user needs
- Techniques to
identify user and
organizational
requirements

- Task Modeling

- Techniques to
identify user and
organizational
requirements

- Prototype for HCI
requirements

- Standards and
Guidelines for HCI
design

- Task Modeling

- Standards and
Guidelines for HCI
design

SP 1.1 Elicit Needs

SP 1.2 Transform
Stakeholder Needs
into Customer
Requirements

- Task Analysis
Methods for HCI

SP 2.1 Establish
Product and Product
Component
Requirement

- Task Analysis
Methods for HCI




TABLE VII (CONT.). SET OF CATEGORIES (BEFORE AND AFTER VALIDATION

WITH EXPERTS)

Specific Practice
(SP)

Methods, techniques,
standards and
patterns of HCI
(Before)

Methods, techniques,
standards and
patterns of HCI
(After)

SP 3.1 Establish

- Operational Concepts

- Techniques to

Functionality and
Quality Attributes

Operational and Scenarios identify user and
Concepts and Specification for HCI organizational
Scenarios requirements

SP 3.2 Establish a - Standards and - Standards and
Definition of Guidelines for design Guidelines for HCI
Required and documentation of design

HCI

Requirements

SP 3.3 Analyze - Task Analysis - Task Modeling
Requirements Methods for HCI

SP 3.4 Analyze - Techniques to - Techniques to
Requirements to validate HCI validate HCI
Achieve Balance requirements requirements

SP 3.5 Validate - Prototype for HCI - Prototype for HCI

requirements

requirements

TABLE VIII (CONT.). HCI ENGINEERING TO SUPPORT CMMI AFTER

VALIDATION OF EXPERTS

Specific
Practice (SP)

HCI Engineering Approaches to support CMMI

SP21
SP3.2

Standards and Guidelines for HCI design

Examples:

* Ergonomic criteria ([40][42])

+ ISO/IEC 9126-1 (2001)

+ ISO 9241-11 (1998)

+ ISO/IEC 25000 (2014)

» Accessibility standards and guidelines (WAI-
W3C)

* Nielsen's Heuristics

* Golden Rules of Interface Design

SP 3.4

Techniques to validate HCI requirements

* Proto Task (K-MAD)

» Task Model Simulator (CTT)

* Focus group to validate HCI requirements
* Thinking aloud

IV. CONCLUSION

This paper has presented a study of the capability maturity

- Techniques to
validate HCI
requirements

Based on this analysis and synthesis, our final set of
categories to support requirement development practices from
CMMI-DEYV is presented in Table VIII.

TABLE VIII. HCIE

NGINEERING TO SUPPORT CMMI AFTER VALIDATION OF
EXPERTS

Specific
Practice (SP)

HCI Engineering Approaches to support CMMI

SP1.1

Techniques to identify user needs

Examples:

* Brainstorming

« Interviews

« Surveys/Questionnaires
« Card Sorting

* Focus Groups

« Field Studies

SP1.1
SP1.2

Techniques to
requirements

identify user and organizational

SP3.1

Examples:

* Persona

* Scenario

« User stories

« User profile (detailed)

« Task analysis

« Context-of-use analysis

« Storyboards

 Requirements specification templates (e.g.
VOLERE, IEEE, RESCUE)

SP1.2

Task Modeling

SP21
SP 3.3

Examples:

* CTT (Concur Task Tree)

» K-MAD (Kernel of Model for Activity Description)
or MAD (Model for Activity Description)

« HTA (Hierarchical Task Analysis)

* SADT (Structured Analysis and Design Technique)
or SADT coupled with Petri Nets

* GTA (Groupware Task Analysis)

* Task Model Standard (W3C)

model for developer (CMMI-DEV) that aims to identify how
HCI approaches can support engineering practices, advocated
by process area of requirements development from this model.
Our initial proposition was composed of five categories of
HCI approaches. After interview with twenty HCI experts, we
obtained six categories of HCI approaches (where one
category was eliminated, two new categories were created and
several examples of approaches were included).

As on-going work we have been analyzing the results of
the other process areas from engineering category. Our future
work includes defining methodological guidance to support
CMMI-DEV users. This guidance will be used by students
from the master program of the UVHC in the requirements
specification of an interactive system.
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