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FOR A PSYCHO-ENGINEERING APPROACH TO HCI

Abstract

This paper presents a critical view of the field of HCI ergonomics and describes some of
the research conducted at INRIA on the topic of HCI design and evaluation
methodologies. The paper provides a few definitions and describes some of the current
methodological approaches. Introducing the debate about the nature and role of HCI
ergonomics, the paper discusses some of the limits of the laboratory only approach and of
the field only approach, as well as the limits of the current cognitive modelling
approaches. More specifically, several points are discussed: the problem of modelling
interface objects; the problem of knowledge organization of available results in the
domain; the problem of formal task modelling; and the problem of HCI expertise. The
discussion and conclusion provide items for the debate on future research needs for
building a unified domain of psycho-engineering of HCI.

Keywords : human-computer interfaces; user interfaces; interactive software; evaluation
and design methods; user modelling; task modelling; psycho-engineering, ergonomics.

POUR UNE PSYCHO-INGENIERIE DES INTERFACES UTILISATEURS

Résumé

Ce rapport présente une vue critique du domaine de 'ergonomie des interfaces utilisateurs
et décrit certaines des recherches menées a I'INRIA en matiére de méthodologies
d'évaluation et de conception d'interfaces. Tout d'abord sont proposées quelques
définitions et une revue des approches méthodologiques actuelles. En évoquant les débats
sur la nature et le role de l'ergonomie, ce rapport discute de certaines des limites de
I'approche uniquement laboratoire et de 'approche uniquement terrain, ainsi que des
limites de la modélisation cognitive. Plus particulierement, plusieurs points sont évoqués:
le probléme de la modélisation des objets de l'interface, le probléme de 1'organisation des
connaissances du domaine, le probléme de la modélisation formelle des taches, et le
probleme de I'expertise ergonomique. La discussion et la conclusion proposent des
¢léments de débat sur les besoins de la recherche afin de construire un domaine unitaire en
psycho-ingénierie des interfaces.

Mots-clés : interfaces homme-ordinateur ; interfaces utilisateurs ; logiciels interactifs ;
méthodes de conception et d'évaluation ; modélisation de l'utilisateur ; modélisation des
taches ; psycho-ingénierie, ergonomie.

(*) This text is an edited version of an invited conference given at the II Congresso Latino Americano e VI
Seminario Brasileiro de Ergonomia, October 10-13, 1993, Florianopolis, Brasil.
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What are the consequences of bad design? Typical consequences are extra effort needed
from the user (added procedures), limited use or non-use of computer facilities, regression
to manual use, doing things twice (with the computer, plus with other means), usage of an
intcrmediary between the system and the user, modification of the task, frustration,
disinterest, rejection, high error rate, poor performance, in the end, decreased performance
of the Human-Computer System. The characteristics of design flaws are mainly a lack of
knowledge on users and tasks; a lack of HCI design methodology; a functional rather than
operational design orientation; a lack of evaluation of the combinatory consequences of
dialogue transactions; a lack of human errors forecasting. The performance criteria are
system criteria rather than users goals; often all “thinkable" functions are provided, rather
than the appropriate ones; all available information is provided, rather than the one
necessary for the task at hand; the computer is considered as an end by itself rather than a

tool for some goal.

The increased importance of taking into consideration HCI aspects comes mainly from the
eduction in hardware costs, the increase in power and functionality, the fact that more
resources are dedicated to the interface without sacrificing functionality, the evolution of

computers from data processing centers to the office, the house, the classroom, the -

industry, the fact that users are not any more only computer specialists. There is a striving
need for more and more efficiency and accuracy, which of course, can only be attained if
there is some symbiosis between the human and the system. In addition to safety reasons
(which allowed ergonomics to pioneer in the areas of aerospace, energy, and the military)
now sconomical reasons also are part of the managers' interest in ergonomics: they are
very sensitive to cost/benefit analyses. For instance, taking a population of 100 users
(which is a small sample), assuming that each one has about 50 interactions per day with a
few main screens, and assuming that good ergonomics allows even only a gain of 5
seconds on each screen (e.g., with 2 form-filling dialogue), the yearly savings in labor cost
is close to $ 35,000 (using 250 days of work per year and an hourly salary rate of $ 20);
and this is without even considering reduction of errors!

Looking at the history and evolution of the domain, one can distinguish two periods: the
80's and the 90's. Before and until the early 80's, the users were mainly programmers; the
systems were slow, the dialogue types, and input/output devices were limited; ergonomics
concerned (without mentioning hardware-related studies) mainly the identification of
research issues (e.g., Scapin, 1981), with empirical experiments, many studies of
programming. Getting to the 90's, the users population started to be constituted mainly
with non-specialists in computers but specialists of other domains; the systems became
faster, with many dialogue types and input/output devices, manufacturers' interface style
guides appeared, architectures started to distinguish interface/application levels allowing
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some independence in the design, prototyping tools became numerous; ergonomics
provided lots of experimental results, as well as theories and models, lots of
recommendations were produced, as well as handbooks and in-house interface style
guides. Conferences and tutorials in HCI Ergonomics were getting popular, including in
computer science departments; computer science books started to include ergonomics
(Barthet, 1988; Coutaz, 1989; Meinadier, 1991). However, let us not be too optimistic for
the users and for the domain! First, if the emerging interface standards (from
manufacturers such as CUA (1991), or from international standards such as OSF/MOTIF
(1990)) did indeed bring some consistency to the presentation and behavior of interfaces
("look and feel), it did not fully improve the characteristics of the interfaces available,
especially from an "utility" point of view. After all, consistency (Grudin, 1989) is not the
only 1ssue! Another issue of more concern is that ergonomics is not included in the current
computer science methods, and very few are the examples of such attempts (see for
instance the DIANE method, particularly designed for organizational applications, Barthet,
1988). The situation just described must lead ergonomists to wonder about their own
contributions;

2 THE VARIOUS METHODOLOGICAL APPROACHES

Of course, HCI ergonomics can be quite complex. The evaluation of a concept, object or
model can be considered as a comparative diagnosis based on a particular dimension or
model, using in some cases tools such as measurement tools. This definition of evaluation
concerns many domains. For instance, one can evaluate the moving speed of an object.
This is achieved along the dimension velocity, using various tools such as a speedometer.
Such a tool can be precisely scaled, a time measure is computed and referred to a distance
between two specific points. It is therefore possible to compare the speed of two mobiles
in order to select the fastest one; a standard speed can be chosen and used as a reference to
assess how close speeds are to that value, etc. Speed is a measurable physics quantity, it
has units. While it may not be divided into sub-dimensions, the various factors applying on
speed are well know (e.g., slope of the distance, weight of the object, gravity, air
characteristics and coefficient of drag, etc.). Concerning HCI, the situation is less well-
known. lnterface usability is not such a well-defined concept. It has several facets:
usability can be described by ease of learning curves or ease of use, which can themselves
be described using learning time, usage time, number of errors, satisfaction, etc. Such
elements are indeed not similar to directly measurable physics quantities, except the ones
that refer to physiological aspects (e.g., for hardware: luminance, contrast, etc.). Usability

is not evaluated on a distance/time dimension, but along several sub-areas of behaviour
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corresponding to various psychological processes such as: memory, problem-solving,
decision making, language understanding, etc. Such sub-areas are difficult to model and to
measure, the processes are also quite variable from one subject to the other; and they also
both depend on several conditions which characterize usage situation (e.g., type of
software environment, type of work context, type of performance constraints). A very
large body of research work has been carried out to face such a complexity. In terms of
available methods for the evaluation and design of interfaces, one can distinguisn several
approaches: principles, expert judgements, empirical approaches and analytical

approaches.

Numerous design principles can be found in the human factors literature, especially
handbooks (e.g., Wasserman, 1973; Norman, 1983; Shneiderman, 1987). They include
some very useful concepts and design dimensions; they point out the most salient aspects
of the interface from a human factors point of view. However, most design*principles
remain very general, without providing methods. Two prerequisites are often mentioned as
crucial for any interface design: the users and the task. Concerning the task, it seems that
there is not yet satisfying methods that can include tasks characteristics into the design of
interfaces. Concerning users, two observations are often made: a single interface cannot be
adapted at the same time to all its potential users, and users characteristics will evolve
while they increase their experience with the system(s) and the interface(s) they use.
However, user types are often distinguished only according to very general categories.

Expert judgements are often requested for quick interface evaluations. The expert provides
a judgement that depends on his/her skills and experience, and on good reference material,
when available. Despite its advantages (e.g., in terms of time and cost) and besides the fact
that such experts are not always available, studies question the completeness of their
approach, and point at the variability of the format and strategies of their diagnosis
(Hammond et al., 1983, 1985; Molich & Nielsen, 1990; Nielsen, 1992a, 1992b; Nielsen &
Molich, 1990; Pollier, 1989, 1992; Rosson et al., 1988). The material used by experts (e.g.,
heuristics, guidelines, standards) may itself be too high level, incomplete, its level of detail
may not be sufficient. More generally, the evaluative approach is dependent on the expert's
own strategies, rather than on a more systematic approach. One good reason for that
process not being systematic is probably that the domain itself does not provide such
global and systematic methods.
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Empirical approaches are based on the users' performance or opinions (a posteriori). For
evaluation, the goal is to define the ergonomic quality of an interface through various
behavioral dimensions as they can be measured from usage. Even though user testing can
be set up at various stages of the design, it is an a posteriori evaluation in the sense that it
concerns observations or measures established from the usage by human subjects, once the
interface is well enough specified (or prototyped). This approach is well described in
Senach (1990) or MacLeod (1992). Such approaches can vary a lot, depending, for
instance, on the context (real work situation or constructed laboratory situations); on the
types of measures whether there are objective measures (e.g., learning curves, error rates,
recall performance) or subjective measures (e.g., preferences, opinions on usability), on the
types of data gathering techniques (e.g., task analysis, critical incidents, automatic logs of
actual use) and on the experimental situations (e.g., simulation, wizard of Oz). Even
though, in some cases, such approaches, conducted either in the field or in the laboratory,
are the only available ones to answer new problems, they lead to several major drawbacks:
their usually large cost, the availability of real adequate users, the need for specialists to
ensure user testing is appropriately run, the time necessary to conduct extensive field
studies or sophisticated experiments, etc. On the other hand, their great advantage is its
potential realism, its computable (if not measurable) characteristics.

Analytical approaches are based on existing knowledge, not on live users' performance.
For the evaluation, the goal is to define the ergonomic quality of an interface from its
examination and comparison with existing data, such as models, recommendations,
criteria, etc. It is an a priori approach in the sense that it does not require real usage, that it
can start as soon as some features of the interface are described. Of course, such an
approach can also be applied to different stages of the design; the nature of the items
looked at will then be quite different (e.g., interface concepts and structure at early stages,
graphical characteristics at later stages). Two types of analytical approaches can be
distinguished: analytical approaches based on theory and analytical approaches based on

results or data.

Analytical approaches based on Theory: various theoretical elaborations
and HCI models have been conducted on the topic of human-computer interaction (see
Hoppe et al., 1986; Scapin et al., 1988; de Haan et al., 1991). Cognitive theories such as
the theory of action (Norman, 1986) or the communication-based design theory (Thomas
& Carroll, 1981) are interesting ways of looking at the factors leading to a good interface,
even though they do not result in formal models. Designing friendly interfaces has been
defined (Norman, 1986), as being a problem of designing logical systems, allowing

conceptualizations by the user through mental models coherent with the designer's model.
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Norman' s theory, which distinguishes interaction steps, represents ways of
conceptualizing the problem of interface design; it is a framework for thinking of the
problems in terms of cognitive representations, not a method that can be directly applied
for defining the parameters of a good interface. Human-computer interaction can also be
viewed as a communication in which each participant has his/her own goals (Thomas &
Carroll, 1981). The advantage of such a perspective is to consider interface design the
same way as other aspects of design. Even though the authors’' main points of interest
concern naming and language syntax, the communication metaphor appears to be
appropriate for thinking in terms of design; that conceptual framework can be considered
to create tools that may enhance the designer/user communication thus improving interface
design. Various human-computer interaction models such as KLLM (Card & Moran, 1980),
CLG (Moran, 1981), GOMS (Card et al., 1983), CCT (Kieras & Polson, 1983), ALG
(Reisner, 1984), TAG (Payne, 1984), ETAG (Tauber, 1990) have been also proposed.
Such models explicitly aim at describing the user' s behavior, in relationship with the
interface: Among these models, very few of them mention explicitly the problem of
interface design, but many deal with very low level user and interface behaviors. Besides,
most models are difficult to apply, and furthermore difficult to implement. For instance,
Coutaz (1988) mentions that design methods are not appropriate (in the sense that they are
not engineering tools), that the models investigated are either too limited (restricted to low
level issues), too informal (i.e., no underlying formal model), or too difficult (in fact, too
general). Another type of models (abstract layered models) offers interesting perspectives
by structuring the interface into layers that allow to envision the design at different levels
(e.g., Foley & Van Dam, 1973; Buxton, 1983; Nielsen, 1986). Such models remain very
general, especially concerning the most abstract levels. Their main usage is classificatory,

but they are fruitful frameworks to describe the interface.

Analytical approaches based on Results or Data: in the literature, there is a
continuous increase in the various forms of recommendations and guidelines for the design
of user interfaces (e.g., Smith & Mosier, 1986a; Bodart & Vanderdonckt, 1993). Four
different forms can be distinguished (e.g., Smith & Mosier, 1986b): design standards for
which their use for good design is still questioned; design guides constituted from series of
recommendations, but their structure, mode of access and sometimes terminology lead to
serious difficulties; design rules which are in-house "style guides”, a little more specific
than guides; design algorithms constituted by a set of implementation rules for controlling
the production of user interface software; among other things, this approach requires
solving the problems of coherence, applicability and implementation of human factors

recommendations.




















































































