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Abstract. Usability has become a critical quality factor in software systems,
and it requires the adoption of a human-centered approach to software
development. The inclusion of humans and their social context into the issues to
consider throughout development deeply influences software development at
large. Waterfall approaches are not feasible, since they are based on eliminating
uncertainty from software development. On the contrary, the uncertainty of
dealing with human beings, and their social or work context, makes necessary
the introduction of uncertainty-based approaches into software development.
HCI (Human-Computer Interaction) has a long tradition of dealing with such
uncertainty during development, but most current software development
practices in industry are not rooted in a human-centered approach. This paper
revises the current roots of software development practices, illustrating how
their limitations in dealing with uncertainty may be tackled with the adoption of
well-known HCI practices.
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1 Introduction
Software development practices are mostly rooted in Software Engineering (SE),
since SE as a discipline is pervasive in software development organizations all over
the world. Its concepts are the ones with which the majority of developers are
familiar, and this is especially true of senior management at software development
organizations. HCI, on the other hand, has been traditionally considered as a specialist
field, and its view of development is not as present in software development
organizations as the SE perspective. According to Seffah, "HCI structure and
techniques are still relatively unknown, under-used, difficult to master, and essentially
not well integrated in software development teams" [24]. Nevertheless, there is an
increasing interest about usability, due to the importance of graphical user interfaces
nowadays [11], and about HCI methods to manage it, which will likely achieve wider
user and greater impact in the near future [27].
Therefore, usability awareness has greatly risen in software development in the last
decade. There is now a certain consensus on the aim of building usable systems,
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leading to a need for integration of usability methods into SE practices, providing
them the necessary human-centered flavor. The term "Human-Centered Software
Engineering" has been coined [25] to convey this idea. In contrast, HCI practitioners
need to show upper management how their practices provide value to the company in
the software development endeavor, in order to get a stronger position in the decisiontaking process.
HCI and SE need to understand each other so that both can reciprocally
complement with effectiveness. While SE may offer HCI practitioners participation in
decision-making, HCI may offer their proven practices that help in dealing with the
uncertainty present in most software development projects. In the next section the
diverging approaches of HCI and SE are analyzed. Next, in section 3 the role of
uncertainty in software development is outlined, elaborating on problem-solving
strategies and how they apply to software development. Section 4 presents how joint
HCI-SE strategies may be adopted for projects where uncertainty is present. Finally
section 5 presents the conclusions gathered.

2 HCI and SE Development Approaches
SE is defined as the application of a systematic, disciplined, quantifiable approach to
the development, operation, and maintenance of software [13]. In the pursuit of these
objectives, SE has highlighted software process issues, and it has also traditionally
focused on dealing with descriptive complexity.
On the other hand, HCI is a discipline concerned with the design, evaluation and
implementation of interactive computing systems for human use in a social context,
and with the study of major phenomena surrounding them [22]. Usability is the main
concern for HCI, and it is multidisciplinary by essence. The HCI view on software
development is, in a certain sense, broader than the SE one, which mostly focuses on
the running system in isolation. In contrast, HCI does not handle with comparable
deepness specific issues, like software process or software architecture.
Fig. 1 shows how SE and HCI differ about their main subject of interest in
software development. While HCI cares about the impact created by the software in
the user and his social context, SE focuses mainly on the correctness of the running
software system itself.
Software engineers mostly consider usability as a user interface issue, usually dealt
with at the end of development, when the `important´ part of the system has already
been built. Alternatively, HCI experts carefully study the users and their tasks, in order
to better fit the system to the intended users, and they consider that once the system
interaction has been defined software engineers may begin `building´ the system.
There is a high degree of misunderstanding between both fields, along with some
lack of appreciation for the work performed by the other discipline. Practitioners of
both fields think it is them who do the "important job" in software development.
Comparing HCI to SE it may look like as lacking maturity. In this direction, Mayhew
states that integration of usability engineering with the existing software development
lifecycle has not yet been solved, mostly due to the state of maturity of the Usability
Engineering discipline [20]. Alternatively, SE methods may look too system-centered
for an effective user-system interaction, as understood in HCI.
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Fig. 1. Comparison between HCI and SE main focus

Despite this lack of mutual understanding, both disciplines need to collaborate,
since there is a non-trivial overlapping between their respective objects of study and
practice. In particular, requirements-related activities are considered a cornerstone of
the work of both HCI and SE. The decision of which system is going to be built is
quite important for usability purposes, so HCI has a lot to say about it, while
requirements engineering is a SE subdiscipline with a recognized importance in the
field, so software engineers will not be handing completely requirements-related
activities to usability experts.
The traditional overall approach to development in SE has been the waterfall
lifecycle. In relation to requirements, it is based on requirements which are fixed
(frozen) at early stages of development. Nevertheless, the waterfall lifecycle is
considered nowadays in SE as only valid for developing software systems with lowmedium complexity in domains where the development team has extensive experience.
As an alternative to the waterfall, iterative development is currently identified as the
development approach of choice, even if its practical application finds some opposition.
On the contrary, HCI has traditionally adopted an iterative approach to development.
Therefore, some promising opportunities for SE-HCI collaboration come out.
Conflicts may arise between both kinds of practitioners, but they must be solved if
usability is to be considered a relevant quality attribute in mainstream software
development. Fortunately, recent trends in SE show a higher acceptance of
uncertainty in software development, and this can provide a higher appreciation for
HCI practices, as explained in the next sections.
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3 Uncertainty in Software Development
Uncertainty is currently accepted as a necessary companion of software development
[3],[19]. However, SE has traditionally considered uncertainty as harmful and
eradicable. The aim was to try to define a "safe" space where no uncertainty could
affect the work of software developers.
The development of software systems of higher complexity levels has led to the
need of changing this approach. In order to deal with complexity, the traditional SE
view considers only descriptive complexity (quantity of information required to
describe the system, according to Klir & Folger [17]). It is a useful dimension to work
in the software universe but, on most occasions, it is not enough on its own to explain
the software universe. Descriptive complexity needs to be combined with the
complexity due to uncertainty, which is defined by Klir & Folger as the quantity of
information required to solve any uncertainty related to the system [17].
Ignoring uncertainty in software development obstructs the objective of better
coping with highly complex problems to be addressed by software systems, since it
narrows the interpretation of both the problem and the possible strategies for building
a successful solution. Complexity due to uncertainty adds a new dimension to the
software space, as shown in Fig. 2. When extending the software universe dimensions
to two, some hidden issues that hinder software development projects are uncovered,
and new solutions emerge.
complexity due
to uncertainty

software
universe
descriptive
complexity

Fig. 2. Extension of the software universe when considering the uncertainty dimension

Dealing with uncertainty is unavoidable in software development. But it is not just
an undesired companion in the software development journey, it can be used as a tool
that offers a powerful mean of attacking recurring problems in software development.
Having uncertainty-based means in the toolbox of software development teams, offers
them a richer background and vision to better tackle their work in the complex
software universe.
The usage of uncertainty as a tool in software development takes several forms:
The introduction of ambiguity in the solution and the adoption of problem-solving
strategies that manage uncertainty.
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3.1 Ambiguity as a Way of Introducing Uncertainty in the Solution
Abstraction is a simplification tool that expresses just the essential information about
something, leaving out the unnecessary details. This omission deliberately introduces
uncertainty, which manifests in the form of ambiguity. An abstraction is precise with
respect to the essence of the topic conveyed, but it is necessarily ambiguous with
respect to the particulars, which are intentionally taken out of the picture.
When making design decisions, uncertainty also plays a major role in providing
solutions which are easier to maintain, modify or extend. For example, the hiding
information principle [21], promotes the introduction of uncertainty in the design, by
not providing details on how a particular module is implemented. Modularization on
its own does not provide benefits for this purpose, since a careful design of the
modules and their headers is necessary for attaining the necessary relation of
indifference between modules.
Any design decision that attempts to introduce some degree of ambiguity in the
solution being developed uses uncertainty as a tool for allowing easier future
modifications. As a collateral effect, development usually gets more complex and
more difficult to manage when employing uncertainty-based strategies; in a similar
way to object-oriented design being more complex than the structured development
paradigm, but providing a more powerful and less constrained instrument for the
development of complex software systems.
3.2 Problem-Solving Strategies and Uncertainty
Human beings use different strategies according to the extent of the uncertainty they
must confront. A linear or industrial strategy may be employed with zero or negligible
uncertainty; a cyclical or experimental strategy when having medium uncertainty
(something is known); and an exploratory or trial and error strategy when high
uncertainty needs to be dealt with. The higher the uncertainty level provided by the
strategy, the higher will be its power for dealing with uncertainty (in the problem).
Linear strategy (step after step) follows a path between a starting point to an ending one,
given that both points and the path between them are known in advance. That is, it is
necessary to know the problem, the solution, and the way to reach such solution. If all
these requirements are met, the lineal strategy is the cheapest one. In order to make
possible its application, any uncertainty needs to be eradicated before beginning the
resolution process. The paradigm that represents the linear strategy in software
development is the waterfall life cycle. It follows the sequence requirements, analysis,
design, implementation, and testing, which is a direct translation of the Cartesian precepts
enunciated in the Discourse on Method [8]: Evidences, analysis, synthesis and
evaluation. The idea behind these principles is to undertake in the first place the what and
afterwards the how. This separation between requirements and design is an abstract goal
and not a human reality [1]. The so called incremental strategy is a variant of the linear
one where the problem is divided into pieces, which are then undertaken one by one.
Cyclical or experimental strategy (successive approximations), when converging,
comes progressively closer to an unknown final destination through the periodical
refinement of an initial proposition (hypothesis). A cyclical strategy is adopted when
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the solution is unknown, but there is enough information on the issue to be able to
formulate a hypothesis. The paradigm for the cyclical strategy in the software world is
the spiral model [2]. A common statement in software development is to describe
each cycle in the spiral model as a small waterfall. This is inappropriate, since the
spiral recognizes the presence of uncertainty throughout the (risk-driven) process, and
the waterfall, whatever its size, requires eradicating the uncertainty at the beginning.
Arboreal or exploratory strategy (trial and error) is the way to reach an unknown
destination without a best first guess, provided that the universe is closed. In the case
of an open universe, the exploratory strategy does not ensure finding the solution, but
none of the other strategies may ensure it, given the same conditions of uncertainty.
An exploratory strategy is in place every time a solution is discarded and development
goes back to the previous situation. The Chaos life cycle [23] is very close to an
exploratory strategy, but it is limited by Raccoon's waterfall mindset.
3.3 Uncertainty and HCI
HCI has developed interactive software for decades, without the obsession about
uncertainty eradication present in SE. In fact, HCI literature has some examples of
insight regarding real software development. Hix & Hartson's [10] observations about
the work of software developers show that they usually operate in alternating waves
of two complementary types of activities: both bottom-up, creative activities (a
synthesis mode) and top-down, abstracting ones (an analysis mode). Hix & Hartson
also unveil the closeness that exists between analysis and design activity types,
especially in the requirements-related activities. It is not sensible, then, to try to draw
a clear separation between both activity types. With regard to methodologies in place
in software development companies (based in a waterfall approach), they report that
in some of their empirical studies they noticed that "iterative and alternating
development activities occurred, but because corporate standards required it, they
reported their work as having been done strictly top-down" [10]. The reality of
development was hidden behind the mask of order of the waterfall.
According to Hakiel "There is no reason why a design idea might not survive from
its original appearance in requirements elicitation, through high- and low-level design
and into the final product, but its right to do so must be questioned at every step" [9].
This approach is a radical separation from the waterfall mindset mostly present in SE,
which was traditionally presented as the way to develop software in an orderly
manner.
The multidisciplinary essence of HCI has helped in providing a not so rigid
approach to development in the field. As Gould and Lewis [12] say, when a human
user is considered (as in the upper part of Fig. 1) a coprocessor of largely
unpredictable behavior has been added. Uncertainty is a companion of any attempt to
develop interactive systems of non-trivial complexity, since human beings are part of
the supra-system we are addressing: the combination of the user and the software
system, trying to perform tasks which directly relate to the user goals.
User-centered or human-centered development is the HCI approach to the
development process, and it has traditionally introduced uncertainty when labelling
himself as iterative. In this sense, [5], [10], [16], [22], and [26] agree on considering
iterative development as a must for a user-centred development process. Therefore,
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iterativeness is at the core of HCI practices. A real iterativity, in the sense that
evaluation is often considered as formative; not just an exam for identifying mistakes,
but a tool for giving form to the interaction design, and maybe for identifying new
requirements.

4 Common HCI-SE Problem-Solving Strategies
As presented in the previous section, uncertainty is a tool for problem resolution; in
particular, it is a tool for interactive software development. Uncertainty-based
approaches have been adopted in the resolution strategies of both HCI and SE,
without labeling them as such.
When trying to integrate usability and HCI methods into mainstream development,
the extensive HCI experience in dealing with uncertainty may be incorporated into SE
practices, making them better prepared to cope with the development of complex
systems with a high usability level.
Non-linear problem-solving strategies present important challenges with respect to
estimation and planning, along with the danger of continuously iterating without
advancing towards the solution. A certain degree of flexibility is necessary for dealing
with these issues, as HCI usually employs. Accordingly, some degree of uncertainty
will have to be introduced in the formal procedures advocated by SE methodologies.
4.1 Iterative Development
Iterative-cyclical strategies are currently at the center of debate in SE, with agile and
iterative practices (see, for example, [18]). When adopting cyclical strategies of this
kind, the introduction of HCI practices may be undertaken with greater success than
former proposals for integration into waterfall lifecycles, like [7].
The aim of integrating usability engineering and HCI practices into mainstream
software development, which mostly refuses to deal with uncertainty, have led to
more formal solutions, in a SE sense, but leaving out the uncertainty present, for
example, in iterative approaches. Such as Mayhew's Usability Engineering Lifecycle
[20], which is based on a two-step process where analysis activities are performed in a
first phase, and then design and evaluation activities are performed iteratively on a
second phase; but there is no place for resuming analysis activities. Therefore, it is
based on a frozen requirements paradigm, with reminiscences of a waterfall mindset.
Nevertheless, iterativeness has been at the heart of usability engineering practices
because usability testing has been the central point around which the whole
development effort turns. It is necessary to test any best-first-guess design.
Observational techniques and sound analysis are performed with the aim of getting a
high quality first design, but usability testing with representative users is then
performed to check against reality the logical constructs the design is made of.
The expected functionality and quality levels of the final system can be specified,
but there is a certain degree of uncertainty in building the solution, the software
system, in the sense that when undertaking the construction of some part of the
system we do not exactly know how far we are from the specified solution. This is
especially true when dealing with usability. Any design decision directed to usability
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improvement needs to be tested with representative users, in order to check the actual
improvement in usability attributes like efficiency in use. When the system under
scrutiny includes the final user on top of the computer system, as it is necessary for
the management of the final product usability, flexibility is required for adapting the
partial prototypes according to evaluation outcomes.
4.2 Exploratory Strategies and the Definition of the Product Concept
Exploratory strategies are not yet dealt with in SE literature and practice. Traditional
information systems, like payroll systems, are well defined and most SE
methodologies are directed to building them. Input-process-output models fit very
well this kind of problems: automation of procedures previously performed manually,
with well defined rules and algorithms. The product concept is clearly delimited in
this kind of systems, so requirements can be written down with less risk of
misunderstandings between the customer and the development team. Actually, IEEE
body of standards has a standard for establishing the user requirements, the Concept
of Operations [15] or ConOps, but it is seldom used in software development, unlike
the more system-oriented (or developer-oriented) IEEE recommended practice for
software requirements specification [14], which receives much more attention from
the SE field.
On the other hand, the HCI field has a long tradition of dealing with ill-defined
problems, developing new products with a high degree of innovation. Even if the
creation of these systems has not been their main focus of activity, dealing with
problems with neither an obvious solution nor indications of how development should
proceed, has been part of HCI practitioners' work. Accordingly, several HCI
techniques are specially well suited for defining the product concept. These
techniques favor participative and creative activities, which fit very well the purpose
of creating a model of how the system works, from the user point of view, studying if
it fits with user needs/expectations. Examples of this techniques are Personas [6],
Scenarios [4], Storyboards and Visual Brainstorming [22].
As long as current interactive systems development goes on changing to new
paradigms of interaction, with an ever increasing degree of novelty required, these
HCI techniques will have to be either adopted by software engineers, or applied by
HCI experts belonging to the development team.

5 Conclusions
In this paper we have shown how uncertainty plays a major role in software
development in the construction of non-trivial interactive software systems. While
uncertainty in the problem may be harmful, uncertainty in the solution may be useful
when used as a tool for dealing with the former kind of uncertainty (the one in the
problem).
HCI has been traditionally applying flexible processes that allow participatory
design, and it has promoted the usage of prototypes aiming at greater flexibility for
making changes to the (partial) software solution. Aditionally, some HCI techniques
are especially well suited for the development of innovative software systems, which
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are ill-defined by definition, and they may be adopted for exploratory problemsolving strategies. Even if this is part of standard HCI practices, the convenience of
this approach has not been formalized in a way that helps HCI methods integration
into mainstream software development practices.
Recent awareness about the obstacles that traditional approaches, like the waterfall
life cycle, imposes on the endeavor of successful systems development, leads to a
more favorable attitude to the introduction of HCI methods, which ultimately lead to
better quality products. In particular, HCI may play an important role in introducing
practices that improve the usability of the final product, while additionally preparing
businesses to better deal with uncertainty in software development.
Understanding the roots of current software development practices and knowing
their deficiencies in dealing with uncertainty is essential for any software
development business. A model for software development that considers uncertainty
is needed, in order to change from a field that is based only on the expertise of gurus
to a software development field with sound foundations for the selection of
development practices.
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