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Abstract. Software Engineering (SE) and Usability Engineering (UE) both
provide a wide range of elaborated process models to create software solutions.
Today, many companies have understood that a systematic and structured ap-
proach to usability is as important as the process of software development itself.
However, theory and practice is still scarce how to incorporate UE methods into
development processes. With respect to the quality of software solutions, us-
ability needs to be an integral aspect of software development and therefore the
integration of these two processes is a logical and needed step. One challenge is
to identify integration points between the two disciplines that allow a close col-
laboration, with acceptable additional organizational and operational efforts.
This paper addresses the questions of where these integration points between
SE and UE exist, what kind of fundamental UE activities have to be integrated
in existing SE processes, and how this integration can be accomplished.

Keywords: Software Engineering, Usability Engineering, Standards, Models,
Processes, Integration.

1 Introduction

Software engineering is a discipline that adopts various engineering approaches to
address all phases of software production, from the early stages of system specifica-
tion up to the maintenance phase after the release of the system ([14],[17]). Software
engineering tries to provide a systematic and planable approach for software devel-
opment. To achieve this, it provides comprehensive, systematic and manageable pro-
cedures, in terms of software engineering process models (SE Models).

SE Models usually define detailed activities, the sequence in which these activities
have to be performed and the resulting deliverables. The goal in using SE Models is a
controlled, solid and repeatable process in which the project achievement do not de-
pend on individual efforts of particular people or fortunate circumstances [5]. Hence,
SE Models partially map to process properties and process elements, adding concrete
procedures.

Existing SE Models vary with regards to specific properties (such as type and
number of iterations, level of detail in the description or definition of procedures or
activities, etc.) and each model has specific advantages and disadvantages, concerning
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predictability, risk management, coverage of complexity, generation of fast deliver-
ables and outcomes, etc.

Examples of such SE Models are the Linear Sequential Model (also called Classic
Life Cycle Model or Waterfall Model) [15], Evolutionary Software Development
[12], the Spiral Model by Boehm [1], or the V-Model [9].

1.1 Linear Sequential Model

The Linear Sequential Model divides the process of software development into sev-
eral successive phases: System Requirements, Software Requirements, Analysis, Pro-
gram Design, Coding, Testing and Operations. On the transition from one phase to
the other it is assumed that the previous phase has been completed. Iterations between
neighboring phases are planned to react on problems or errors which are based on the
results of the previous phase. The Linear Sequential Model is document-driven. Thus,
the results of each phase are documents that serve as milestones to track the develop-
ment progress.

1.2 Evolutionary Development

In the Evolutionary Development the phases Software Specification, Development and
Validation are closely integrated. Evolutionary Development is especially well suited
for software projects where the requirements cannot be defined beforehand or in
which the requirements are likely to change during the development process. The
procedure is always a sequence of iterative development-cycles which results in an
improved version of a product on the end of each sequence. There is no explicit main-
tenance phase at the end of the lifecycle. Necessary changes after the product delivery
are solved in further iterations. Within Evolutionary Development the end users and
the customers are closely involved in the development process. The goal of Evolu-
tionary Development is “to avoid a single-pass sequential, document-driven, gated-
step approach® [10].

1.3 Spiral Model

The Spiral Model is a refinement of the Linear Sequential Model in which the single
phases are spirally run through. This cycle in the spiral is repeated four times, for
System Definition, Software Requirements, Conception (Architecture Design) and
Realisation (Detail Conception, Coding, Test, Integration and Installation). The na-
ture of the model is risk-driven. At the end of each cycle the current project progress
is being analyzed and the risk of project failure is evaluated. Depending on the
evaluation outcome the project goals are (re)defined and resources are (re)allocated or
— in the worst case - the development is being discontinued if necessary for the subse-
quent phases. Unlike the Linear Sequential Model, risks are identified throughout the
process which leads to a more control- and planable process. The failure of a project
can be significantly minimized.

1.4 V-Model

The V-Model represents the development process in a symmetric model in which the
validation is performed inversely to the system compilation, starting from module up
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to the acceptance test [13]. The V-Model is based upon the Linear Sequential Model
but emphasis is laid on the assurance of quality (e.g. connections between basic con-
cepts and the resulting products). Inspections take place at multiple test phases testing
different levels of detail of the solution and not only at the end of development as
other models propose. Compared to the Linear Sequential Model or the Spiral Model,
the V-Model is more precise in its description of procedures and measures.

1.5 Standards in Software Engineering

Software engineering standards define a framework for SE Models on a higher
abstraction level. They define rules and guidelines as well as properties of process
elements as recommendations for the development of software. Thereby, standards
support consistency, compatibility and exchangeability, and cover the improvement of
quality and communication.

The ISO/IEC 12207 provides such a general process framework for the develop-
ment and management of software. “The framework covers the life cycle of software
from the conceptualization of ideas through retirement and consists of processes for
acquiring and supplying software products and services.” [7]. It defines processes,
activities and tasks and provides descriptions about how to perform these items on an
abstract level.

In order to fulfill the superordinate conditions of software engineering standards
(and the associated claim of ensuring quality) the SE Models should comply with
these conditions. In general, standards as well as SE Models can not be directly ap-
plied. They are adapted and/or tailored according to the corresponding organizational
conditions. The resulting instantiation of a SE Model, fitted to the organizational
aspects, is called software development process, which can then be used and put to
practice. Thus, the resulting Operational Process is an instance of the underlying SE
Model and the implementation of activities within the organization.

This creates a hierarchy of different levels of abstractions for software engineering:
Standards that define the overarching framework, process models that describe sys-
tematic and traceable approaches and the operational level in which the models are
tailored to fit the specifics of an organization (Figure 1).
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Fig. 1. Hierarchy of standards, process models and operational processes in software engineering
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1.6 Usability Engineering

Usability Engineering is a discipline that is concerned with the question of how to
design software that is easy to use (usable). Usability engineering is “an approach to
the development of software and systems which involves user participation from the
outset and guarantees the efficacy of the product through the use of a usability speci-
fication and metrics.” [4]

Usability engineering provides a wide range of methods and systematic approaches
for the support of development. These approaches are called Usability Engineering
Models (UE Models) or Usability Lifecycles, such as the Goal-Directed-Design [2],
the Usability Engineering Lifecycle [11] or the User-Centered Design-Process Model
of IBM [6]. All of them have much in common since they describe an idealized ap-
proach that ensures the development of usable software, but they differ their specifics,
in the applied methods and the general description of the procedure (e.g. phases, de-
pendencies, goals, responsibilities, etc.) [18]. UE Models usually define activities and
their resulting deliverables as well as the order in which specific tasks or activities
have to be performed. The goal of UE Models is to provide tools and methods for the
implementation of the user’s needs and to guarantee the efficiency, effectiveness and
users’ satisfaction of the solution.

Thus, usability engineering and software engineering address different needs in the
development of software. Software engineering aims at systematic, controllable and
manageable approaches to software development, whereas usability engineering fo-
cuses on the realization of usable and user-friendly solutions.

The consequence is that there are different views between the two disciplines dur-
ing system development, which sometimes can be competing, e.g. SE focuses on
system requirements and the implementation of system concepts and designs, whereas
UE focuses on the implementation of user requirements and interaction concepts and
designs. However, both views need to be considered in particular.

1.7 Standards in Usability Engineering

Usability Engineering provides standards similar to the way Software Engineering
does. They also serve as a framework to ensure consistency, compatibility, exchange-
ability, and quality which is in line with the idea of software engineering standards.
However, usability engineering standards lay the focus on the users and the construc-
tion of usable solutions. Examples for such standards are the DIN EN ISO 13407 [3]
and the ISO/PAS 18152 [8].

The DIN EN ISO 13407 introduces a process framework for the human-centered
design of interactive systems. Its’ overarching aim is to support the definition
and management of human-centered design activities, which share the following
characteristics:

1) the active involvement of users and a clear understanding of user and task
requirements (Context of use)

2) an appropriate allocation of function between users and technology (User
Requirements)

3) the iteration of design solutions (Produce Design Solutions)

4) multi-disciplinary design (Evaluation of Use)
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These characteristics are reflected by the activities (named in brackets), which define
the process framework of the human centered design process, and have to be per-
formed iteratively.

The ISO/PAS 18152 is partly based on the DIN EN ISO 13407, and describes a
reference model to measure the maturity of an organization in performing processes
that make usable, healthy and safe systems. It describes processes and activities that
address human-system issues and the outcomes of these processes. It provides details
on the tasks and artifacts associated with the outcomes of each process and activity.

There is a sub-process called Human-centered design which describes the activities
that are commonly associated with a User Centered Design Process. These activities
are Context of use, User requirements, Produce design solutions and Evaluation of
use, which are in line with the DIN EN ISO 13407. However, by being more specific
in terms of defining lists of activities (so called Base Practices), that describe how the
purpose of each activity is achieved (e.g. what needs to be done to gather the user
requirements in the right way). The ISO/PAS 18152 enhances the DIN EN ISO 13407
in terms of the level of detail and contains more precise guidelines.

In order to ensure the claims of the overarching standards, UE Models need to ad-
here to the demands of the corresponding framework. Thus, a connection between the
standards and the UE Models exists which is similar to the one the authors described
for software engineering. There is a hierarchy of standards and subsequent process
models, too.

Additionally there are similarities on the level of operational processes. The se-
lected UE Model needs to be adjusted to the organizational guidelines. Therefore, a
similar hierarchy of the different abstraction levels exists for software engineering and
for usability engineering (Figure 2). Standards define the overarching framework,
models describe systematic and traceable approaches and on the operational level
these models are adjusted and put into practice.
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Fig. 2. Similar hierarchies in the two disciplines software engineering and usability engineer-
ing: standards, process models and operational processes
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2 Motivation

For development organizations SE Models are an instrument to plan and systemati-
cally structure the activities and tasks to be performed during software creation.

Software development organizations aim to fulfill specific goals when they plan to
develop a software solution. Such goals could be the rapid development of a new
software solution, to become the leader in the application area or to develop a very
stable and reliable solution e.g. because to enhance the organization’s prestige — and
of course, to generate revenue with it. Depending on their goals an organization will
chose one (or the combination of multiple ones) SE Model for the implementation
that will in their estimate fit best. However, these goals are connected with criteria
which can manifest themselves differently. These could be organization-specific
characteristics, such as the planability of the process or project, quality of the process,
size/volume of the project, organizational structures, types of qualification, etc. These
could also be product-specific characteristics, like security and reliability, verification
and validation, innovation, etc.

Thus depending on the goals of an organization the decision of selecting an appro-
priate SE Model for the implementation is influenced by the underlying criteria. As an
example, the Linear Sequential Model with its’ predefined results at the end of each
phase and its sequential flow of work certainly provides a good basis for a criterion
such as planability. On the other hand, the Evolutionary Development might not be a
good choice if the main focus of the solution is put on error-robustness because the
continuous assembling of the solution is known to cause problems in structure and the
maintenance of software code.

As usability engineering put the focus on the user and usability of products, which
is an important aspect of quality, usability is important for the development process.
Usability could take up both either product-specific characteristics (such as the effi-
ciency, effectiveness and satisfaction of using a product) or organizational-specific
characteristics (like legal restinctions or company guidelines such as producing usable
products to distinguish on the market). Thus, usability is also an important — even
crucial — criterion for organizations to choose a well-suited SE Model.

However, one problem remains — usability engineering activities are not an inher-
ent part of software engineering, respectively of SE Models. Indeed, many different
models for software engineering and usability engineering exist but there is a lack of
systematic and structured integration [16]. They often coexist as two separate proc-
esses in an organization and therefore need to be managed separately and in addition
need to be synchronized. However, as usability is an important quality aspect it needs
to be an integral part of software engineering and of SE Models. It seems reasonable
to extend the more extensive proceeding with the missing parts, which in this case
means to add usability engineering activities to the software engineering process
models, to integrate these two disciplines.

Beside the need for integration it is, however, important to consider both views, the
systematic, controllable and manageable approaches of SE and the realization of us-
able and user-friendly solutions of UE, respectively. It should not be tried to cover
one view with the other. The goal is to guarantee an efficient coexistence but to retain
the specific goals and approaches of each discipline.
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According to the hierarchy of standards, process models and operational processes
an integration of the disciplines has to be performed on each level. This means that
for the level of standards needs to be proven that aspects of software engineering and
usability engineering can coexist and can be integrated. On the level of process mod-
els it has to be ensured that usability engineering aspects can be incorporated with SE
Models. And on the operational level activities a close collaboration needs to be
achieved, resulting in acceptable additional organizational and operational efforts.

3 Proceedings

In order to identify the integration points between software engineering and usability
engineering, the authors examined the three different levels, based on the hierarchies
of standards, process models and operational processes (Figure 2):

1. On the abstract overarching level of Standards in software engineering and us-
ability engineering, serving as a framework to ensure consistency, compatibility,
exchangeability, and quality within and beyond the organizational borders and to
cover the improvement of quality and communication.

2. On the level of Process Models for software engineering and usability engineer-
ing, to provide a procedural model and more refined approach that can serve as a
framework for an organization, providing specific advantages and disadvantages,
like predictability, risk management, coverage of complexity, generation of fast
deliverables and outcomes, etc.

3. On the Operational Process level which reflects the execution of activities and the
processing of information within the organization. It is an instance of the under-
lying model and the implementation of activities and information processing
within the organization.

The goal of analysis on the level of standards is to identify similarities in the descrip-
tion of standards between SE and UE. They could be found in definitions of activities,
tasks, goals, procedures or deliverables. With the focus on activities the authors will
create a framework of activities, representing SE and UE likewise. Such a framework
can be used to set limits for the following analysis, on the level of process models.

Based on the framework different SE Models are being analyzed in terms of how
they already support the implementation of activities from a usability point of view.
Criteria are being defined to measure the significance of UE activities within the
SE Models. Based on the results and identified gaps recommendations for the en-
hancements of SE Models are being derived. These enable the implementation of
activities on the level of models to ensure the development of user friendly solutions.

On the operational level the analysis is used to examine whether the recommenda-
tion meet the requirements of the practice. Measures regarding a specific SE Model in
practice are being derived, evaluated and analyzed. As a result statements about the
efficiency of the measures in making a contribution to the user-centeredness of the
operational process could be made.

In this paper the authors will show the proceedings and first results of the analysis
on the level of standards and of the level of process models. The derivation of rec-
ommendations, the refinement of the analysis methods and the analysis on the opera-
tional level are currently in progress and will be published by future work.
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3.1 Analysis of Standards

To figure out whether software engineering and usability engineering have similari-
ties on the level of standards, the standards’ detailed descriptions of processes, activi-
ties and tasks, output artifacts, etc. have been analyzed and compared. For this the
software engineering standard ISO/IEC 12207 was chosen to be compared with the
usability engineering standard DIN EN ISO 13407.

The ISO/IEC 12207 defines the process of software development as a set of 11 ac-
tivities: Requirements Elicitation, System Requirements Analysis, Software Require-
ments Analysis, System Architecture Design, Software Design, Software Construction,
Software Integration, Software Testing, System Integration, System Testing and Soft-
ware Installation. It also defines specific development tasks and details on the gener-
ated output to provide guidance for the implementation of the process.

The DIN EN ISO 13407 defines four activities of human-centered design that
should take place during system development. These activities are the Context of use,
User Requirements, Produce Design Solutions und Evaluation of Use. The
DIN EN ISO 13407 also describes in detail the kind of output to be generated and
how to achieve it.

On a high level, when examining the descriptions of each activity, by relating tasks
and outputs with each other, similarities were found in terms of the characteristics, ob-
jectives and proceedings of activities. Based on these similarities single activities were
consolidated as groups of activities (so called, Common Activities). These common
activities are part of both disciplines software engineering and usability engineering on
the high level of standards. An example of such a common activity is the Requirement
Analysis. From a software engineering point of view (represented by the
ISO/IEC 12207) the underlying activity is the Requirement Elicitation. From the usabil-
ity engineering standpoint, specifically the DIN EN ISO 13407, the underlying activities
are the Context of Use and User Requirements, which are grouped together. Another
example is the Software Specification, which is represented by the two software engi-
neering activities System Requirements Analysis and Software Requirements Analysis,
as well as by Produce Design Solutions from a usability engineering perspective.

The result is a compilation of five common activities: Requirement Analysis,
Software Specification, Software Design and Implementation, Software Validation,
Evaluation that represent the process of development from both, a software engineer-
ing and a usability engineering point of view (Table 1).

These initial similarities between the two disciplines lead to the assumption of ex-
isting integration points on this overarching level of standards. Based on this, the
authors used these five common activities as a general framework for the next level in
the hierarchy, the level of process models.

However, the identification of these similar activities does not mean that one activ-
ity is performed in equal measure in SE and UE practice. They have same goals on
the abstract level of standards but they differ in the execution at least on the opera-
tional level. Thus, Requirement Analysis in SE focuses mainly on system based re-
quirements whereas UE requirements describe the users’ needs and workflows. The
activity of gathering requirements is equal but the view on the results is different.
Another example is the Evaluation. SE evaluation aims at correctness and correctness
of code whereas UE focuses on the completeness of users’ workflows and the fulfill-
ment of users’ needs.
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Table 1. Comparison of software engineering and usability engineering activities on the level
of standards and the identified similarities (Common Activities)

ISO/IEC 12207 Common Activities |DIN EN ISO 13407
Sub- Process: Development

Requirements Elicitation Requirement Analysis Context of Use
User Requirements

System Requirements Analysis |Software Specification|Produce Design Solutions
Software Requirements Analysis

System Architecture Design Software Design n/a
Software Design and Implementation
Software Construction
Software Integration

Software Testing Software Validation |Evaluation of Use
System Integration

System Testing Evaluation Evaluation of Use
Software Installation

Consequently it is important to consider these different facets of SE and UE like-
wise. And as usability has become an important quality aspect in software engineer-
ing, the identified common activities have not only to be incorporated in SE Models
from a software engineering point of view, but also from the usability engineering
point of view. Some SE models might already adhere to this but obviously not all of
them. To identify whether usability engineering aspects of the common activities are
already implemented in SE Models (or not), the authors performed a gap-analysis
with selected SE Models. The overall goal of this was to identify integration points on
the level of process models.

Therefore, the authors first needed a deep understanding about the selected
SE Models and second, needed an accurate specification of the requirements that put
demands on the SE Models from the usability engineering perspective, on which the
SE Models then could be evaluated.

3.2 Analyzed SE Models

For the analysis of SE Models four commonly used models were selected: the Linear
Sequential Model, the Evolutionary Development, the Spiral Model and the V-Model.
They were examined and classified, in particular regards to their structural character-
istics (e.g. classification of activities, proceedings, etc.), their specifics (e.g. abilities,
disabilities, etc.) and their individual strengths and weaknesses.

The descriptions of the SE Models in literature served as the basis of the analysis.
Improvements or extensions based on expert knowledge or practical experiences were
not taken into account to retain the generality of statements. A sample of the results is
represented in the following table (Table 2).

The gap-analysis surfaced particular characteristics of the considered models.
Based on the identified strengths and weaknesses first indicators were derived that are
in the authors eyes crucial for the model selection on the operational level. For exam-
ple, the Evolutionary Development could be a good choice if the organization wants
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to get results fast because of its ability to produce solution design successively and its
ability to deal with unspecific requirements. A disadvantage of Evolutionary design is
however, that due to the continuous changes and adjustments, the software quality
and structure can suffer. However for the development of safety-relevant products,

Table 2. Strength/Weaknesses-Profiles of software engineering models

Basic properties Specifics Strength Weakness
Linear - division of the - document- - controllable -lack of assistance
Sequential development process into | driven management with imprecise or
Model sequent phases - phase-oriented |- controlling the incorrect product
- completeness of previous complexity by definitions
phase requirement for the using encapsulation | - problems with
next phase supplementary
- successive development error identification
- iterations between and experiences
contiguous phases from development
- deliverables define
project’s improvement
Evolutionary |- intertwined specification, |- successive - compilation of - problems in
Development | development and solution design | "quick solutions" software quality
evaluation phases - ability to deal |- ability to react to and structure
-no distinct phases with unspecific | changing caused by
- successive requirement requirements requirements continuous changes
processing (and - avoids single- | -small changes lead | and adoptions
elicitation, if applicable) | pass sequential, | to measurable - maintainability
- sequence of development | document- improvements - maintenance and
cycles driven, gated- |- user-oriented quality of the
- version increment at the step approaches | - early identification | documentation
end of every cycle of problems and - difficulties in
- no explicit but implicit shortcomings measuring the
maintenance phase project progress
- high customer and user - precondition is a
involvement flexible system
Spiral Model | - enhancement of the phase | - successive -risk management | - high effort on
model solution design |- simultaneous management and
- phases are distributed in a | - risk-driven control of budget planning
spiral-shaped form and deliverables
- development within four - independent
cycles planning and
- evaluation, decision budgeting of the
making, goal definition & single spiral cycles
planning of resources at - flexible, pure risk
end of each cycle oriented but
controlled response
to current status
V-Model - based on the Linear - continuous - measures for - initial planning
Sequential Model evaluation continuous efforts
- enhancement regarding | - quality evaluation of the - basically for large
quality assurance assurance quality assurance projects
- symmetric process - verification and
- evaluation reverse to evaluation on all
system development levels of detail
- evaluation on different
levels of detail
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which need to adhere to a detailed specification, the Linear Sequential Model could
be a good choice because of its stepwise and disciplined process. For developing new,
complex and expensive software solutions the Spiral Model could be the method of
choice because of its risk-oriented and successive development approach.

The results of the SE Model analysis are Strength/Weakness-Profiles that guide the
selection of a specific SE Model based on organization specific criteria. Afterwards,
with the detailed knowledge about the selected SE Models the maturity of these mod-
els in creating usable products was examined.

3.3 Gap-Analysis of SE Models

To assess the ability of SE Models to create usable products, requirements need to be
defined first that contain the usability engineering demands and that can be used for
evaluation later on.

As mentioned above the DIN EN ISO 13407 defines a process framework with the
four activities Context of Use, User Requirements, Produce Design Solutions und
Evaluation of Use. The reference model of the ISO/PAS 18152 represents an exten-
sion to parts of the DIN EN ISO 13407. Particularly the module Human-centered
design of the ISO/PAS 18152 defines base practices for the four activities of the
framework. These base practices describe in detail how the purpose of each activity is
achieved. Thus, it is an extension on the operational process level. Since the ISO/PAS
18152 is aimed for processes assessments, its base practices describe the optimal
steps. Therefore they can be used as usability engineering requirements that need to
be applied by the SE Models to ensure to create usable products. According to this,
there is an amount of requirements where each activity can be evaluated against. The
following Table (Table 3) shows the base practices of the activity User Requirements.

Table 3. Base practices of the module HS.3.2 User Requirements given in the ISO/PAS 18152

HS.3.2 User Requirements

BP1 | Set and agree the expected behaviour and performance of the
system with respect to the user.

BP2 | Develop an explicit statement of the user requirements for the
system.

BP3 | Analyse the user requirements.

BP4 | Generate and agree on measurable criteria for the system in its
intended context of use.

BP5 | Present these requirements to project stakeholders for use in
the development and operation of the system.

Based on these requirements (base practices) the authors evaluated the selected
SE Models. The comparison was based on the description of the SE Models. For each
requirement the authors determined whether the model complied to it or not. The
results for each model and the regarding requirements are displayed in Table 4. The
quantity of fulfilled requirements for each activity of the framework informs about
the level of compliance of the SE Model satisfying the usability engineering require-
ments. According to the results statements about the ability of SE Models to create
usable products were made. Table 5 shows the condensed result of the gap-analysis.
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Table 4. Results of the gap-analysis: Coverage of the base practices for the Linear Sequential
Model (LSM), Evolutionary Development (ED), Spiral Model (SM) and V-Model (VM)

=
Modul |Activity z.’ E % E
HS 3.1 |Context of use
1 |Define the scope of the context of use for the system. NN
2 |Analyse the tasks and worksystem. -l -] -
3 |Describe the characteristics of the users. -l -] -
4 |Describe the cultural environment/organizational/management regime. | - | - | - | +
Describe the characteristics of any equipment external to the system
5 |and the working environment. -l-] -t
6 [Describe the location, workplace equipment and ambient conditions. - - -
7 |Analyse the implications of the context of use. - - -
Present these issues to project stakeholders for use in the development
8 |or operation of the system. E I A
HS 3.2 (User Requirements
Set and agree the expected behaviour and performance of the system
1 |with respect to the user. AR
2 |Develop an explicit statement of the user requirements for the system. -
3 |Analyse the user requirements. -+
Generate and agree on measurable criteria for the system in its
4 |intended context of use. -t
Present these requirements to project stakeholders for use in the
5 |development and operation of the system. - -1-1-
HS 3.3 [Produce design solutions
Distribute functions between the human, machine and organizational
1 |elements of the system best able to fulfil each function. - - - -
Develop a practical model of the user's work from the requirements,
context of use, allocation of function and design constraints for the
2 |system. - - -
Produce designs for the user-related elements of the system that take
account of the user
3 |requirements, context of use and HF data. -l-1-1-
4 |Produce a description of how the system will be used. -
5 |Revise design and safety features using feedback from evaluations. -+
HS 3.4 (Evaluation of use
1 |Plan the evaluation. A
Identify and analyse the conditions under which a system is to be tested
2 |or otherwise evaluated. -l -t
3 |Check that the system is fit for evaluation. ++ |+ |+
4 [Carry out and analyse the evaluation according to the evaluation plan. |+ |+ |+ | +
5 |Understand and act on the results of the evaluation. |+ |+

The compilation of findings shows, that for none of the SE Models all Base Prac-
tices of ISO/PAS 18152 can be seen as fulfilled. However, there is also a large vari-
ability in the coverage rate between the SE Models. For example, the V-Model shows
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a very good coverage for all modules except for smaller fulfillment of HS 3.3 Produce
Design Solution criteria, whereas the Linear Sequential Model only fulfills a few of
the HS 3.4 Evaluation of use criteria and none of the other modules.

Evolutionary Design and the Spiral Model share a similar pattern of findings,
where they show only little coverage for Context of Use, medium to good coverage of
User Requirements, limited coverage for Produce Design Solution and good support
for Evaluation of Use activities.

Table 5. Results of the gap-analysis, showing the level of sufficiency of SE Models covering
the requirements of usability engineering

User Requirements
Evaluation of Use
Across Activities

Produce Design

Context of Use
Solutions

(—]
<

Linear Sequential Model 0% | 0% 60 % | 13 %
Evolutionary Development | 13 % |40 % | 40 % | 80 % | 39 %

Spiral Model 13% | 80% | 40 % (100 % | 52 %
V-Modell 88 % |80 % | 40 % (100 % | 78 %
Across Models 28 % | 50% | 30 % | 85 %

By looking at the summary of results (Table 5) and comparing the percentage of
fulfilled requirements for each SE Model, it shows that the V-Model performs better
than the other models and can be regarded as basically being able to produce usable
products. With a percentage of 78% it is far ahead of the remaining three SE Models.
In the comparison, the Linear Sequential Model cuts short by only 13%, followed by
Evolutionary Development (39%) and the Spiral Model (52%).

If one takes both the average values of fulfilled requirements and the specific base
practices for each usability engineering activity into account, it shows that the empha-
sis for all SE Models is laid on evaluation (Evaluation of Use), especially comparing
the remaining activities. The lowest overall coverage could be found in the Context of
Use and Produce Design Solution, indicating that three of the four SE models don’t
consider the relevant contextual factors of system usage sufficiently, and also don’t
include (user focused) concept and prototype work to an extent that can be deemed
appropriate from a UCD perspective.

3.4 Interpretation and Results

Based on the relatively small compliance values for the Context of Use (28%), User
Requirements (50%) and Produce Design Solutions (30%) activities across all SE
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models, the authors see this as an indicator that there is only a loose integration
between usability engineering and software engineering. There are less overlaps be-
tween the disciplines regarding these activities and therefore it is necessary to provide
suitable interfaces to create a foundation for the integration.

The results of the gap-analysis can be used to extend the Strength/Weakness-
Profiles in a way that these can be supplemented by statements about the ability of the
SE Models to produce usable products. Thus, the quality criterion usability becomes
an additional aspect of the profiles and for the selection of appropriate SE Models.

The presented approach does not only highlight weaknesses of SE Models regard-
ing the usability engineering requirements and corresponding activities, it also
pinpoints the potential for integration between software engineering and usability
engineering:

—  Where requirements are not considered as fulfilled, recommendations
could be derived, which would contribute to an accomplishment.

—  The underlying base practices and their detailed descriptions provide ap-
propriate indices what needs to be considered in detail on the level of
process models.

To give some examples, first high-level recommendations e.g. for the Linear Sequen-
tial Model could be made as followed: Besides phases likes System Requirements and
Software Requirements there needs to be a separate phase for gathering user require-
ments and analysis of the context of use. As the model is document driven and
completed documents are post-conditions for the next phase it has to be ensured that
usability results are part of this documentation. The evaluation is a downstream phase
that is performed after completing of the solution (or at least of a complex part of the
solution). User centered validation aspects should take place already as early as possi-
ble, e.g. during the Preliminary Design. For the Spiral Model user validations should
be introduced as an explicit step at the end of each cycle in order to avoid the risk of
developing a non-usable solution.

According to the given approach and the results it shows that any SE Model can be
similarly analyzed and mapped with the requirements of usability engineering to be
then adapted or extended according to the recommendations based on the gap-analysis
results in order to ensure the creation of usable products. This can be used a founda-
tion for implementing the operational process level and will guarantee the interplay of
software engineering and usability engineering in practice.

4 Summary and Outlook

The approach presented in this paper was used to identify integration points between
software engineering and usability engineering on three different levels of abstrac-
tions. The authors showed that standards define an overarching framework for
both disciplines. Process models describe systematic and planable approaches for the
implementation and the operational process in which the process models are tailored
to fit the specifics of an organization.

On the first level of standards the authors analyzed, compared and contrasted the
software engineering standard ISO/IEC 12207 with the usability engineering standard
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DIN EN ISO 13407 and identified common activities as part of both disciplines. They
define the overarching framework for the next level of process models.

Based on this, the authors analyzed different software engineering process models.
These models were classified, in particular regarding their structural characteristics
(e.g. classification of activities, proceedings, etc.), their specifics (e.g. abilities, dis-
abilities, etc.) and their individual strengths and weaknesses. As a result, the authors
derived Strength/Weaknesses-Profiles for each model that helps organizations to
select the appropriate process model for the implementation.

In order to identify the maturity of these software engineering process models’
ability to create usable products, the authors synthesized demands of usability engi-
neering and performed an assessment of the models. The results provide an overview
about the degree of compliance of the models with usability engineering demands. It
turned out that there is a relatively small compliance to the usability engineering ac-
tivities across all software engineering models. This is an indicator that there only
little integration between usability engineering and software engineering exists. There
are less overlaps between the disciplines regarding these activities and therefore it is
necessary to provide suitable interfaces to create a foundation for the integration.

But, the presented approach does not only highlight weaknesses of software engi-
neering process models, it additionally identifies opportunities for the integration
between software engineering and usability engineering. These can be used a founda-
tion to implement the operational process level and will help to guarantee the inter-
play of software engineering and usability engineering in practice, which is part of the
authors’ future work.

However, the analysis results and regarding statements about the software engi-
neering models are currently only based on their documented knowledge in literature.
The authors are aware of the fact that there are several adoptions of the fundamen-
tal/basic models in theory and practice. Hence, in future research the authors will
include more software engineering process models, even agile development models,
to provide more guidance in selecting the most suitable model and to give more pre-
cise and appropriate criteria for selection.

The demands of usability engineering used in this paper are based on the base prac-
tices of the ISO/PAS 18152, which was a valid basis for a first analysis of the selected
software engineering models. It is expected that there is a need for a different proce-
dure in analyzing agile models because they are not as document and phase driven as
classical software engineering models and the ISO/PAS 18152 are. The authors will
apply the given approach to evaluate whether agile process models are better able to
suit the demands of usability engineering than formalized approaches compared in
this paper.

Regarding the current procedure the authors discovered that more detailed/adequate
criteria for the assessment are necessary by which objective and reliable statements
about process models and their ability to create usable software could be made.
Therefore the authors plan to conduct expert interviews as a follow-up task to elicit
appropriate criteria for the evaluation of SE models. Based on these criteria the au-
thors will perform another gap-analysis of selected software engineering models (in-
cluding agile approaches). The authors expect to derive specific recommendations to
enrich the SE Models by adding or adapting usability engineering activities, phases,
artifacts, etc. By doing this, the development of usable software on the level of proc-
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ess models will be guaranteed. Furthermore, hypothesizes about the process im-
provements are expected to be made for each recommendation which then can be
evaluated on the Operational Process level. Therefore, case studies will be identified
based on which the recommendations could be transferred in concrete measures.
These measures will then be evaluated by field-testing to verify their efficiency of
user-centeredness of software engineering activities. This will help to derive concrete
measures that result in better integration of software engineering and usability engi-
neering in practice and hopefully more usable products.
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Questions

Jan Gulliksen:

Question: One thing I miss is one of the key benefits of the ISO standards, namely the
key values provided by the principles. Your analysis of process steps fails to address
these four values. The software engineering process covers much more.

Answer: The goal is to be more specific in describing the assessment criteria and
therefore it does not address the principles. We plan to develop more specific criteria
through interviews and use these criteria to assess the process models including soft-
ware engineering models in more detail. Then we will go back to the companies to
see how they fit.

Ann Blandford:

Question: Work is analytical looking at how things should be — what confidence do
you have about how these things can work in practice? Methods are always subverted
and changed in practice anyway.

Answer: Documentation is not representative enough — plan to do more specific work
with experts in the field. SE experts could answer, for example, whether the criteria
for usability engineering fit into an underlying model. We will then map these to
criteria in order apply them in practice.
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