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ABSTRACT

This paper discusses the issues of human factorsthat affect interface design. It addresses the challenges that system analysts
may face. It presents the strategies of incor porating human factor engineering into the process of system analysis and design.
The user performance and their mental models are also discussed.

INTRODUCTION

Human factors are defined as knowledge of human abilities
and limitations to the design of systems, organizations, jobs, ma-
chines, tools, and consumer products for safe, efficient and com-
fortable use[7]. Inthe United States, the human factors engineer-
ing was initially emphasized by the US military with concentra-
tion on human engineering and engineering psychology. Sincethen
agreat deal of research efforts have been focusing on the roles of
userswithin acomplex system[9]. Behavioral studiesof program-
ming, which emerged inthelate 1970s, were among the earliest in
the field of human-computer interaction (HCI) [12].

With itsorigin in experimental psychology and systems en-
gineering, the study of human factors is defined as the study of
human beings and their interaction with products, environments,
and equipment in performing tasks and activities. The functions
of human factors are to augment the performance of systems. The
difference between studies in human factors of HCI and in other
parallel sciences such as anthropol ogy, cognitive science, psychol-
ogy, sociology, and medicine is in the use of the knowledge of
humans and their behavior in interaction design. The subject of
human factors has become an exciting combination of basic and
applied research for designing HCI.

Human factors are design oriented [6]. The design process
includes comparing and designing systems, tasks, and environ-
mentsto provideintellectual interaction to adapt the limitations of
human beings. Alternatively, the user of the system can be trained
or educated to work with a system. The latter approach faces un-
limited challenges based on individua variations among human
beings. Therefore, the systems are to be designed such that they
are insightful and easy to use, calling for no special training or
education.

This paper will discuss the issues of human factors that af -
fect interface design. It addresses the challenges that system ana-
lysts may face. It emphasizes that human factor engineering must
be incorporated into the process of system analysis and design.
The user performance and their mental models are al so discussed.

EMBEDING HUMAN FACTORSIN SYSTEM
ANALYSISAND DESIGN
Modern interactive systems are event driven. While system
analysts may focus on the complex and open-ended nature of soft-
ware design problems, they may overlook the following design
categories that involve agreat deal of human factors.
« Work environment (physical demands, skill demands, risk de-
mands, time demands).
« Psychosocia environment (socia and cultural style).
¢ Ergonomic environment (hardware design, anthropometricsand
biomechanics)
Ergonomic considerations in the interface design include

physical factors, biological factors, psychological factors, work
factors, and organizational factors[11].
System analysis and design, is aformally structured, time-
driven, interactive processwith limitations of costs, resources, and
organizational and environmental requirements, involving stages
with distinct activities that vary as a function of system require-
ments and is categorized into planning, designing, testing, and
evaluating. Created with the specified goalsand objectives of trans-
forming inputs into outputs, systems design starts and proceeds
with branching and divergence from a higher to lower levels of
activities and errands. Human factors engineering must be incor-
porated into this process.
Despite the historic differences between human factors and
ergonomics in the type of knowledge used and in the goals for
design, the two approaches are converging [12]. The common ob-
jectives of incorporating human factorsin system analysis are
« Enhancing the efficiency of interaction and user productivity.
Thevital difference between people and machinesisthat people
make mistakes and if we look positively at how people make
mistakes—‘error analysis’, we can increase the ease of useand
reliability of performance. This can increase productivity and
effectiveness of the system [10].

¢ Enhancing certain desirable human values at work by enhanc-
ing safety, increasing comfort level of using technology, de-
creasing stress.

A human-machine interaction takes place within an envi-
ronment, which relatesto physical environment, social, and/or or-
ganizational environment. The overall performance of a system
depends on theresult of requirement analysis, which isfundamen-
tal to human factors engineering. The systems approach connotes
the whole system rather than itsindividually isolated parts or ele-
ments. This requires an analysis of the each specific system func-
tion in context of human computer interaction. Whereas the more
popular reductionism approach, on the other hand, concentrates
on aparticular system component or element separately, and con-
siders the technical components without paying much attention or
regard to the human side of the system [5].

There are three level s to distinguish among tasks of human
factors engineering performed in system design: (1) the design
process— how the system isdesigned, (2) the design philosophy —
the conceptual framework of the design, (3) the design architec-
ture —the specification of the structure the system and the human-
machine interface [8]. The interface design cannot be character-
ized as a stable processin terms of technology, environment, and
work procedures and, therefore, new design approaches are essen-
tial. Users of the system are facing more challenging dynamic
working conditions and have to adapt to these changes immedi-
ately. “No where are human factors as important as they are in
user interface design. Just ask the typical systems anayst who
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spends half the day answering phone calls from system userswho
are having difficulty using the computer system.” [11]

The system usershave been broadly classified aseither dedi-
cated or casual [13]. A dedicated user spends considerabletimein
various programs and is likely to become more comfortable and
known to the system, whereas, the casual user makesuse only of a
particular program and that too occasionally and would never be-
come friendly to the system. The latter would tend to have many
problems and questions about the system and might become criti-
cal of the system refusing to accept it. Therefore, in an attempt to
make the interface more user-friendly and easier, severa general
rules and guidelines should be followed [9].

Today’s computer systems are studded with multimediain-
terfacesthat thrill auser at first place. Yet, the system may become
irritating as soon as the user starts using it because he cannot find
the way to get what he needs. An interface is humane if it is re-
sponsive to human needs and considerate of human frailties. A
careful design and detail ed specifications can enhance theinterac-
tion. Thisis particular important to the decision support systems,
intelligent systems, and expert systems that are created to help
decision-making at a higher level. Interfaces and their impacts on
creativity and learning should be a major thrust to these systems
[13]. However, no matter how much is done to improve inter-
faces, it becomesdifficult to find asolution that solvesaparticular
problem without creating new ones. And even if a separate solu-
tion for every problem were created, an interface of such com-
plexity would be unusable [11].

In simpler words, the solutionsto interface design are noth-
ing more than compromises and finding a perfect solution would
almost impossible. It's like satisfying each and every user indi-
vidually at atime. Not only that, how about the varying physical
capabilities and intellectual levels of humans; the variability is so
much so that the two individuals might respond very differently to
the same medication or, even worse, the same human responds
differently to the same medication at different times. With such
variations and dynamism among humans, one cannot be sure of
any system. Going further into this problem, The multitude of re-
quirements for a successful interface design come from various
sources, making it amultidisciplinary processthat now hasan added
dimension of problemsthat are political or cultural in nature[13].

Obviously, then, a multidisciplinary team for the interface
designisneeded. But, then, the question arises, who and how, would
resolve the conflicting interests and issues of al these specialists
because every specialist has his’her own rigid thinking, priorities
and perspectives, methods, and criteria for success. All solutions
are shaped by acrowd of problems, which arefaced by the design-
ersand areimperceptibleto the outsiders, and therefore designers’
efforts, even if worthwhile, are not appreciated.

The reasons why interface design is difficult include: (1) it
is difficult to create optimal or good solutions, (2) there are so
many competing interests and desires involved in interface pro-
cess that any solution would not be more than a compromise and
which compromise would be the best, and (3) the sources of re-
quirements are many and therefore tend to be highly political.

HUMAN-CENTERED INTERACTION DESIGN
Human-centered development puts users' needs first, tech-
nology second. It focuses on human activities. It makes technol-
ogy invisible, embedded within activity-specific information ap-
pliances [5]. The skills built in the multidisciplinary design team
should fully reflect human-centered concept. The people in the
team should include field analysts, behavioral designers, model
builders and rapid prototypers, user testers, graphical and indus-
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trial designers, and technical writers[7].We need aframework for

a system design that represents all aspects of work systems in a

coordinated and compatible fashion. All well-designed interfaces,

classified ascommand line, natural language, menu, formfilling, or
direct manipulation systems, must be in accordance with the user’s
task needs, capahilities, and learning abilities. The general principles
for designing agood interfaceinclude natural ness, consistency, non-
redundancy, supportiveness, and flexibility. Some desired features

for human-centered design process are discussed in [7].

Human factors, according to Clarke [8], can be centered in
terms of three levels, namely psychosocial, mental functions, and
sensory-motor. Stressed in this model is the need for an appropri-
ate communi cation between the computer and the human elements
that could be used for the support of design. At the first level, the
human element of the dial ogue represents the goal that the user is
pursuing. Within the computer, virtual objects (things that a user
can manipulate or know about) exist to support the fulfillment of
the user goals. At the second level, the computer programs help
the user accomplish goals. At the third level, effector and affector
agents coordinate with the system and its physical componentsto
produce the desired goal. Human diversity in the above context
plays pivotal role and has always been intriguing and challenging
system designers. The remarkable diversity of human abilities,
backgrounds, motivations, personality, and work styles challenges
interactive-system designers. Understanding the physical, intel-
lectual, and personality differences among usersis vital.

Referred to as “too-little-too late” phenomenon [6, 8], the
‘human factors’ issuesare disregarded, and evenif considered, are
limited only to the evaluation stage, thereby, limiting and under-
mining the effectiveness and useful ness of human factors. Various
reasonswhy human factors engineersare not considered as“ equal
partners’ in adesign team include:

« Design engineers recognize and discern human beings as very
stretchy and flexible and think that humans can settle into the
system requirements easily and therefore, if given more im-
portance, could lead to technical compromise.

« Design engineers are not used to converting ‘human factors'
inputsinto the systemslanguage, it becomesaproblem for them.
In other words, the usefulness and usability of human factors
inputs are limited in technical form and make not much sense
to the design engineers. That calls for a better education of the
two sides about their counterparts. Theinputs are either so spe-
cific that they apply to a particular design situation and not to
the design process in question or they are vague and overly
general. In contrast, guidelines for designing intelligent inter-
faces need to be expressed at the cognitive task level, indepen-
dent of a particular technology [11]. Thus one important task
for human factors engineersisto ensure that design inputs are
inaform that is useable and useful to designers.

e The major problem faced by human factor engineers is con-
vincing the management and design engineers of the benefits
over the cost, in terms of money or time, of integrating human
factor knowledge and expertise into the systems design pro-
cess. And even if they are able to do so, it is so late in the
process that going back becomes feasibly impossible leading
to very meager contributions. Hence, it becomes necessary in
order for ‘human factors' to be effective that a complete and
continuousinvolvement of human factors engineers be encour-
aged and practiced throughout the design process.

A major breakthrough to make certain that design is human
centered would be selling the prospective contributions of human
factorsto design engineers and managers, either by the use of case
studies that highlight the advantages of human factors integration
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in to the design or by forwarding a cost-benefit analysis, which
might be difficult due to the fact that segregating human factors
contribution and then comparing it to other variables quantifiably
isnot easily feasible [2]. But there are methods of doing that kind
of analysis, not objectivethough, and decision makerstill haveto
make judgments, often intuitive.
Having established that the systems analysisand designisa
problem-solving process, which involves the formulation of the
problem, the generation of solutions to the problem, analysis of
these dternatives, and selection of the most effective alternative,
and also having established that human factors engineers need to
beinvolved in all phases of the process, the question arises ‘ what
would they bring in? And, the answer is ‘the application of be-
havioral principles, data, and methods to the design process.’
“These activitiesinclude specifying inputs for job, equipment and
interface design, human performance criteria, operator selection
and training, and inputs regarding testing and evaluation.”[4]. The
major questions, then, are when, how, and how much of thisinte-
gration would be optimum for the system to perform; how much
of the resources be directed toward this systems approach, and
who should or can justify these resources.
But the fact remains that the approachesto integrate human
factors and expertise with software devel opment are still tentative
and sprouting [2]. The declining cost of computer systems, an ever
growing resistance to the poor interfaces, and an intensifying need
for product differentiation in the market underwrite that human
factorswill inevitably become pervasive all over systems[1]. Al-
though, in the past, allocating resources to enhance user interface
has always been considered lavishness [ 3]. Human factors are now
starting to be widely recognized and accepted as a distinct disci-
pline requiring integration with the process of systems analysis
and design.
Approaches that have been advocated in order to manage
human factors in search for the maximization of the influence of
systems approach on the user interface devel opment include [13]:
¢ Hiring human factors engineers or psychologists directly into
development teams

¢ Concentrating human factors engineers in a support
organization

e Making use of external consultants with user interface
knowledge

« Placing adevelopment group under the leadership of a
human factors professional and

« Forming an educational center in which software engineers
learn about human factors approaches.

A mix of perspectives of would be ideal and practical. That
isto educate the system devel opers about human factors and edu-
cate human factor specialists about design and programming. This
process would enlighten both groups with the importance of the
two hand-in-hand fieldsaswell as open them up for morejustified
evaluations and more flexible approachestoward thisblazing field
of systems development. At the same time, since educating might
take longer than expected to bring things up, a wise and open-
minded use of objective outsiders - the consultants, who can see
through thethingswithout any bias, wouldfill the gap easily, nicely,
and presently. All other approaches are too extreme, and also too
optimigtic, in that an inevitable difference of opinions and inter-
estswould cross, no matter how powerful the human factors prac-
titioners are.

USER PERFORMANCE AND
THE MENTAL MODEL
Studiesrelevant to human factors also include evaluation of

user performance and user mental modelsin interface design. The
ideal HCI design should include the system knowledge about the
users' cognitive characteristics, referred as user mental models.
The user’'s mental model of an information system has a critical
impact on the user’s ability to use systems effectively. This con-
cept has gained widespread acceptance in the field of HCI [1].
This acceptance is underlined by the “mental model hypothesis.”
It suggests that faulty or incomplete representations (misconcep-
tions) lead to errors or ineffectiveness, and that the types of errors
users make can be understood once amodel of their perceptions or
knowledge about the system is derived [2]. However, verifying
this concept empirically and applying it in practice to system de-
sign has led to different results [3,4]. Some studies have found
that performance modeling benefits user learning of an appropri-
ate model of a system or language [5]. Others have found little
benefit or inconsistent resultsin certain situations [8].

Two fundamental issues that contribute to this state of af-
fairs are addressed [8]. The first is that the target body of knowl-
edge represented by a software system hasrarely been articul ated.
Without the system model, what the user should know and there-
fore what the mental model should contain are unknown. Defin-
ing an adequate model of asystemisvery difficult dueto the dis-
agreement about what kind of knowledge it should encompass,
and our limited understanding of the relationship between differ-
ent kinds of knowledge and user performance. Thisissue hasbeen
addressed also by Stanley and Norcio [5]. The second fundamen-
tal problem isthe difficulty of capturing the user’s mental model,
particularly in away that can be dynamically and systematically
compared with a system model.

Many techniquesfor deriving a performance model or men-
tal model have been employed and discussed [5]. They are critical
to any assessment of whether the user’s mental model isan impor-
tant determinant of performance. |n addition, pragmatic cost-ben-
efit characteristics must be taken into account. This determines if
the information gained is worth the effort to acquire it.

Production system modeling, protocol analysis, and scaling
techniques [11] can all be used in the study of mental models.
Usually, the type of model to be derived depends on the types of
knowledge being represented and the application environment to
which the model will be utilized. Production system modeling or
analytical approaches such as GOMS [1] are useful in evaluating
the efficiency and consistency of design methods, but may beless
useful in understanding the genesis of user errors, or in evaluating
the difficulty for learners. In addition, it primarily focuses on de-
composing tasks rather than the individual’s cognitive difference
[3]. Protocol techniquesinvolvereal-time*think-aloud,” post task
video confirmation, interviews, and inferring knowledge fragments
and misconceptions from a session of user keystrokes [2]. These
approaches are particularly appropriate for associating users' er-
rors to misconceptions. However, they are hard to summarize and
compare systematically. The scaling approach may have both ad-
vantages of the above two methods. But, the explanation of its
numeric resultsis so critical that it is questionable whether it can
yield valuable and reliable information to the design process.

In addition the psychological issues are often oversimpli-
fied in the study of performance models. Thomas [10] presents
severa typical oversimplifications in psychology that seem par-
ticularly prevalent in computer modeling:

« Ignoring motivation;

« Oversmplifying or ignoring individual differences;

e Ignoring socia context;

« Oversmplifying or ignoring the human ability to learn and
adapt.



A suggested performance model presents a framework
for analyzing human cognitive behavior [12]. It classifies human
behavior into three levels:

e ill-level. Thistype of behavior istheresult of long and inten-
sive training. It permits rapid stimulus-response type opera-
tion.

¢ Rule-level. Thislevel of behavior is done by a specific plan or
procedure that does not require “intermediate” thinking.

« Knowledge-level. Thisis a true level of intelligent behavior.
The expertise plays an important role. The synthesis, analysis,
and inference arethe primary activitiesin the performance of a
knowledge-level task.

CONCLUSION

Although all technology-based systems are created with in-
tent to serve some human purpose, this objective is difficult to
achieve, thanks to the leadership of engineers who design such
systems and who overemphasize technol ogy in the design, paying
scarce attention to the human components of the system. This pa-
per presents the strategies for incorporating human factors into
system analysis and design. Obviousdly, there are varieties of is-
sues that need to be addressed in order to reach to the status as
some researchers advocated, a proactive computing environment
[6], which would take humans out of the ‘loop’ and move from
human-centered to human-supervised (or even unsupervised) sys-
tems with a reduced human involvement, not only for users but
also for programmers.

Furthermore, to provide a universal usability, the research
agendafor HCI, according to Shneiderman [14], should take tech-
nology variety, user diversity, and gaps in user knowledge into
account. Thisimpliesthat an interface system must be ableto adapt
the computing needs of manifold users. Accommodating such a
large user-base is a great challenge to HCI designers.
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