
Applied Ergonomics 31 (2000) 595}608

People and computers * some recent highlights

Brian Shackel*
HUSAT Research Institute, Loughborough University, Leicestershire, LE11 3TU, UK

Received 20 July 2000; accepted 24 July 2000

Abstract

This paper aims to review selectively a fair proportion of the literature on human}computer interaction (HCI) over the three years
since Shackel (J. Am. Soc. Inform. Sci. 48 (11) (1997) 970}986). After a brief note of history I discuss traditional input, output and
workplace aspects, the web and &E-topics', web-related aspects, virtual reality, safety-critical systems, and the need to move from HCI
to human-system integration (HSI). Finally I suggest, and consider brie#y, some future possibilities and issues including web
consequences, embedded ubiquitous computing, and &back to systems ergonomics?'. ( 2000 Professor B. Shackel. Published by
Elsevier Science Ltd. All rights reserved.
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1. Introduction

When Applied Ergonomics began in 1969 (I had the
excitement of being the "rst Editor) we talked (pace
political correctness) about man}machine systems and
man}computer interaction (the International Journal of
Man}Machine Studies started in 1969, and see Shackel
(1969)). Few realised that we were on the threshold of the
development of a new sub-discipline or multi-discipline
now generally called human}computer interaction (HCI).
The growth has been phenomenal.

At that time, in an era still of hand-written manuscripts
and carbon copies and retyping for any revision, I would
have started writing this paper at least four months
ago. Now, through laziness and old-age delay, real work
began only two weeks ago and (owing to a computerised
touch-typing training program created at HUSAT in
1976}1978) I type the text rather hectically myself and
bless my former secretary for kindly typing all the refer-
ences in a little over a day. That is merely one small
example of the new possibilities, taken for granted by
most people now, which have become available over the
30 years of Applied Ergonomics.

To read something of the development of HCI
through these years, please refer to Shackel (1997); for
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the growth of relevant technology, see Myers (1996), and
for more depth in speci"c topic areas see Baecker et al.
(1995). In this paper we shall view the past only through
Table 1, which notes some highlights of the growth of
attention to ergonomic/human factors aspects of HCI; it
is revised from Shackel (1997) so only references from
1992 are given in the reference list to this paper.

My aim here is to present a brief overview of some
recent highlights. This is by no means intended as a com-
prehensive review of the last few years. It merely focuses
upon some topics and themes which either interest me
directly or which seem possibly to be important in the
growing use of computers by people at the start of this
new millenium.

2. Traditional input, output and workplace aspects

2.1. Input

There is still a range of typical ergonomics interface
topics to be addressed, even though they are usually
triggered by, or related to, some advance in technology
or to the possibility of linking better with more of the
human user's interaction capability.

Most HCI people seem to be ignorant that two-
handed input was "rst used in the 1960s. At the Stanford
Research Institute Engelbart (1963) built a group to
develop the concept of augmenting human intellect via
advanced computer tools; they foresaw the importance of
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Table 1
Growth of attention to ergonomic/human factors aspects of HCI (see Shackel, 1997, for references before 1992 below)

Date Event

1959 1st recorded paper in the literature (Shackel, 1959 as reported by Gaines, 1985)
1960 Seminal paper by Licklider (1960) on &Man}Computer Symbiosis'
1969 1st major conference (&International Symposium on Man}Machine Systems')

International Journal of Man}Machine Studies started
First four ARPANET nodes begin operation * leading later to computer conferencing,
electronic mail and electronic journals

1970 Foundation of Xerox Palo Alto Research Centre (PARC)
Foundation of HUSAT Research Centre (now Institute), Loughborough University

1970}73 Four seminal books published (Sackman, Weinberg, Winograd, Martin)
1976 NATO Advanced Study Institute on &Man}Computer Interaction'
1979 Visicalc, the "rst electronic spreadsheet, is produced
1980 Conference and book on &Ergonomics Aspects of Visual Display

Terminals' (Grandjean and Vigliani, 1980). Four other major books
(Cakir et al., Damodaran et al., Shneiderman, Smith and Green)
Word-processing now available on microcomputers

1982 Journal Behaviour and Information Technology started
1982 7 major conferences held in USA, UK and Europe
to with attendances ranging from 180 to over 1000
1984 with an average of nearly 500
1983 European ESPRIT and British Alvey programmes begin

Major book &The Psychology of Human}Computer Interaction' (Card et al.)
1984 First International Conference on HCI * IFIP INTERACT'84 (London)
1985 Journal Human-Computer Interaction started

From 1985 the conferences of the US and UK national societies ACM and BCS, on
CHI and HCI respectively, become annual

1986 Three HCI Centres launched in the UK under the Alvey initiative
Major book &User Centered System Design' (ed. Norman & Draper)

1987 Second IFIP INTERACT International Conference on HCI (Stuttgart)
OZCHI (Australian HCI conference) starts and is annual hereafter

1988 Major &Handbook of HCI' published (ed. M. Helander)
1989 IFIP establishes Technical Committee on HCI (IFIP TC 13)

Journal Interacting with Computers started
International Journal of Human}Computer Interaction started

1990 Attendance at ACM CHI Conference reaches 2300
Third IFIP INTERACT International Conference on HCI (Cambridge UK)
CEC (1990) Directive promulgated on Work with Display Screen Equipment
ARPANET has grown, changed, ended and been replaced by the academic and later
commercial INTERNET, setting new HCI problems because of much more widespread use

1991 Research already developing towards collaborative tele-working in automotive design and manufacturing (Sinclair, 1992)
1992 Attendance at ACM CHI Conference reaches 2600
1993 CEC Directive on Display Screen Equipment comes into operation

Fourth IFIP INTERACT International Conference on HCI combined with annual
CHI Conference in Amsterdam to make INTERCHI'93* over 1500 attendance

1994 Journal ACM Transactions on Computer}Human Interaction started
Title of International Journal of Man}Machine Studies changed to
International Journal of Human}Computer Studies
World-Wide Web innovation of Berners-Lee et al. (1994) &takes o!'

1995 Fifth IFIP INTERACT International Conference on HCI (Lillehammer)
1996 APCHI (Asia-Paci"c HCI conference) initiated in Singapore

&E-commerce' as a concept comes into recognition
1997 Sixth IFIP INTERACT International Conference on HCI (Sydney) combined with APCHI'97
1998 APCHI'98 held in Kanagawa, Japan; APCHI to be biennial hereafter
1999 Seventh IFIP INTERACT International Conference on HCI (Edinburgh) combined with annual BCS HCI Group conference

HCI'99
2000 &E-commerce' beginning to become a widespread reality

close coupling the human, and in 1966 I saw the workpla-
ces "tted around the users with the ("rst) mouse and
a 5-key keypad for simultaneous two-handed use, along-
side a standard keyboard together with two screen dis-

plays for some. Already they had e!ectively invented
What You See Is What You Get (WYSIWYG) word-
processing, multi-window display and electronic meeting
rooms (Engelbart, 1963; Engelbart and English, 1968). So
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now Zhai et al. (1997) have shown that two-handed input
with a mouse and a joystick, and Hinckley et al. (1998)
with a mouse and a touchpad, is better than the status
quo. Virtual reality brings with it three-dimensional con-
trol issues, and FroK hlich and Plate (2000) have devised
and tested successfully with users a &cubic mouse'. Most
input controls provide relatively little haptic feedback, so
Oakley et al. (2000) and Dennerlein et al. (2000) have
devised methods of giving force-feedback to the control-
ling hand, and have proved advantages in speed or lower
errors.

Another form of input to use human capabilities
more fully is gesture. Moran et al. (1998) have integrated
domain objects into an electronic whiteboard and then
used them as the basis for enabling gesture input. With
an electronic pad and stylus Forsberg et al. (1998) have
devised an even more novel approach enabling music
scores to be written by two-dimensional gesture. The
range of gestures enabled by typical hand-held penpad
computers do not allow users to become &power users', in
the view of Geissler et al. (1999) who have devised and
tested an improved interface; also at INTERACT'99
there was a whole session on haptics and gesture (pp.
375}398).

Head position/movement and eye gaze directions
have also been explored more in the last few years, with
proper comparative tests. BeH rard (1999) showed that
head movement to control the location of a window
within a document space allows signi"cant improvement
in task completion times. Vertegaal (1999) showed that
head and eye tracking could aid awareness and attention
in video-conferencing. At CHI'2000 there was a whole
session on eye gaze (Tanriverdi and Jacob, 2000; Salvucci
and Anderson, 2000; Sibert and Jacob, 2000) which
showed that eye gaze is getting nearer to being a practical
tool; but there are still limitations, as noted by Sibert and
Jacob (2000): `current eye tracking technology is relative-
ly immature* our eye tracker has di$culties with hard
contact lenses, dry eyes, glasses that turn dark in bright
light, and certain corneas that produce only a dim glint
when a light is shone from belowa. But the most serious
di$culty is still, as discussed by Velichkovsky et al.
(1997), the &Midas touch problem' * how to di!erentiate
the attentive saccades, made with an intended goal of
communication, from the lower level random move-
ments; that is to di!erentiate between the visual axis and
the attention axis.

For years direct speech input has been claimed to be
e!ective, but proving this has not been easy. In an award
winning paper Halverson et al. (1999) studied one of the
major problems; although automatic speech recognition
systems have improved, even with 98% reported accu-
racy error correction still takes major time and e!ort.
The error correction strategies adopted by users tend not
to be #exible enough nor to be well matched by the
strategies assumed by the design of the three commercial

systems studied. By contrast, Golightly et al. (1999)
showed that speech interaction during certain problem
solving tasks can lead to signi"cant reduction in the
number of moves to solution without any increase in
total solution times.

Finally, three papers catch the attention for di!erent
reasons. Sugiura and Koseki (1998) have demonstrated
an unusual and intriguing concept; using a "ngerprint
recognition system they have linked the output from each
"nger to a di!erent command or phrase (such as a letter
template or one's full name and address); thus they have
devised a &"ngerprint user interface'. First tests show
practicality but not speed in use, and that care is needed
in placing the "ngertips correctly. Next, Wright et al.
(2000) have tested data entry on various commercial
handheld computers by older users; their carefully con-
trolled studies show clearly a major loss in accuracy and
speed when entering text via the touch-screen keyboard
compared with even a small physical keyboard. Also,
younger people were faster but not more accurate than
older people at using the touch-screen keyboard. Finally,
Blomkvist and Gard (2000) have studied computer use in
a range of work situations in cold environments; from
among the possibilities they recommend that a pen is
used either as a touch pen or simply to press the key-
board keys.

2.2. Output

Compared with the many studies about some aspect of
input, there are relatively few about output methods.
Most that exist are concerned with whiteboards, or vir-
tual reality, or display design to facilitate web navigation
or handling large information stores, etc.; some of these
topics will be dealt with separately. From among the few,
three interested me and one of these is related to virtual
reality.

Since head-mounted displays can be costly, Patrick
et al. (2000) compared the development of cognitive
awareness in a virtual environment, by the subjects pro-
ducing a cognitive map, when using a desk-top monitor
or a head-mounted display or a large projection screen.
The results showed no signi"cant di!erence in perfor-
mance between the latter two, and they recommend that
a large projection screen can be used as an inexpensive
substitute for a head-mounted display.

Next, the most serious ergonomic display problem
now must be the very limited size of the small screens on
telephone mobile handsets, which are soon to be linked
to the web via the Web Application Protocol (WAP).
Many more studies will be needed similar to that using
the small screen of Personal Digital Assistants (PDAs) by
Buyukkokten et al. (2000). They developed a proxy server
which linked to the web on behalf of the user's PDA and
then processed the output to present it in the most
e!ective way on the limited PDA screen. They report
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a gain of 45% in web browsing speed and a reduction of
42% in required pen movements.

Finally, some light has been shed by Mackay (1999) on
a source of long-running discord in air tra$c control.
For years, the computer advocates have been trying to
convince management, with varying degrees of success,
that the traditional printed #ight strips should be re-
moved in favour of on-screen display. Most air tra$c
controllers have resisted, pointing out how helpful it is to
have the physical reality of a token to hand over as each
#ight progresses, upon which also handwritten notes
can so easily and quickly be scribbled. She and her team,
after an intensive study, have validated these and other
considerations and are convinced that enough is not yet
known to allow simple automation of the #ight strips.
Instead, they o!er an alternative which involves retaining
the #ight strips but turning them into an interface to the
computer.

2.3. Workplaces

Again there have been relatively few studies of work-
places in recent years, no doubt in part because designs
have stabilised and because the EU Directive on Work
with Display Screen Equipment (EEC, 1990) and the
similar International Standard (ISO, 1995) have gradual-
ly had the necessary e!ect. However, there is still useful
work to be done.

Cook and Kothiyal (1998) found a signi"cant e!ect on
muscular activity of the position of the mouse and
mousepad, and recommend that working posture is im-
proved by the removal of the numeric keypad from the
right end of the keyboard. Bauer and Wittig (1998) sim-
ilarly measured muscular activity and subjective prefer-
ences in 11 di!erent positions of screen and copy holder;
they recommend positions where the visual axis is hori-
zontal or slightly downward and the copy holder aligned
parallel with the screen surface and beside it.

Karlqvist (1998) did a model study of the process for
developing, specifying and evaluating VDU work tables.
Three di!erent prototype designs derived from the study
(all adjustable in height manually, pneumatically or elec-
trically) were evaluated by comfort ratings. The main
results were that the work table should enable the arms
to be supported, should be adjustable to enable change
between sitting and standing posture, and should prevent
extreme outward rotation of the shoulder.

Finally, Aara> s et al. (1998) made a comprehensive
study, with experimental and control groups, of the e!ect
of ergonomic interventions to improve the situation for
VDU operators. Signi"cant reductions in various health
measures were found and are detailed, including a signi"-
cant reduction of shoulder pain for both intervention
groups two years after the intervention. This is an impor-
tant study which bears detailed reading, because it is one
of the most thorough and properly controlled, and

because it proves the bene"t of ergonomic attention
actually to implement the EEC and ISO recommendations.

3. The web and &E-topics'

3.1. Web site usability and navigation

Since general-access web pages became public there
have been complaints of many bad designs and poor
usability. Considerable HCI work has been done, and
the best general design guidebook so far is that by Spool
et al. (1998).

The overwhelming wealth of information on the web
has, of course, led to studies of ways to aid the user.
Navigation is one of the biggest problems for users.
Berkun (1999) describes the development of the &Explorer
Bar' (a window which can occupy about 2

5
of screen width

on the left of the Internet Explorer screen) and sum-
marises its usability testing. Robertson et al. (1998) and
Czerwinski et al. (1999), both also from Microsoft, de-
scribe and give test results showing advantage for their
proposed three-dimensional array of thumbnail images
of web pages to support spatial location memory.

One of the common aids is the &bookmark' or &favour-
ite' by which one can keep a list of sites to which one may
wish to return. However, a serial list, even if partially
sorted, is not very helpful; so Abrams et al. (1998) sur-
veyed over 300 web users and analysed the bookmark
archives of 50, from which they make recommendations
for improving the organisation, visualisation, representa-
tion and integration of bookmarks. Two other studies
developed programs to aid the user and both give
data showing large improvements. Fang and Salvendy
(2000) devised a keyword comparison procedure by
which the software analyses all relevant homepages, re-
trieved since the search began, and displays a list of
keywords ranked by their frequencies in terms of home-
pages in descending order; from this the user can select
keywords to add to the search, and they report 77%
increase in number of relevant web sites identi"ed in one
hour. Chen and Dumais (2000) used a text classi"cation
algorithm automatically to classify search results into an
existing category structure and to present them in a cat-
egory interface; they report 50% speed increase in "nding
information.

Finally, Hodkinson et al. (2000) have devised a dia-
grammatic method to represent web search behaviour;
this, they consider, should help researchers better to
interpret web search data and search styles, and thus
assist in training web users to improve their search e!ec-
tiveness. By contrast, in a preliminary practical study,
Drori (2000) found a signi"cant increase in satisfaction,
though no di!erence in search times, when the results of
searches in textual databases are not presented with
the document title or the title with the "rst few lines of
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text but with the title plus the "rst three lines from the
segment in the document that matches the search criteria.

3.2. E-commerce and E-shopping

With the very rapid growth of technology and uptake
by commerce and retailing, it is pleasing to see that work
on usability and HCI aspects began quickly. Some of the
"rst substantial work was done on the design of informa-
tion and shopping kiosks. Martin et al. (1999) evaluated
a PhotoKiosk and a Shopping Kiosk; the former was
developed through three successive prototypes and was
largely successful, but the latter had no usability design
and the evaluation results were decidedly negative. Chris-
tian and Avery (2000) designed and tried two di!erent
types of intelligent kiosk; their "ndings were that people
are attracted by an animated face, that colour is crucial,
that speaker independent speech recognition is far too
imperfect and that the quality of the information content
is vital (all of which had already been found in European
studies). A full set of guidelines on kiosk design and use
have already been published by Maguire (1999).

Turning to on-line commerce and shopping, Stolze
(1999) has studied support mechanisms for product selec-
tion such as catalogues, and aids to visualisation and
"ltering. Wolf et al. (1999) emphasise the importance of
the quality of customer care, and point out that it needs
di!erent methods from the requirements for work group
collaboration because of di!erences in users, tasks, goals
and context of use. The importance of quality of service is
also emphasised by Bouch et al. (2000).

Providing a satisfying buyer experience is a key com-
petitive element in electronic commerce. Instead of a
catalogue search followed by interactive purchase, Pu
and Faltings (2000) have produced a combined system
(SmartClient); in the di$cult task of &buying' a multi-
sector #ight selection and reservation, their test subjects
all found that it enabled overview of a much larger range
of possible solutions than did a commercial travel sys-
tem. Ensuring that customers revisit cyberstores is also
the focus of Lee et al. (2000); they propose a multi-phased
model of customer loyalty, and based on an analysis of
customer survey data with this model they suggest im-
plications for managers in developing internet stores. In
another study, some of the same team (Kim and Yoo,
2000) have tried various combinations of links in navi-
gation patterns as customers browse a cyberstore and
recommend some practical contributions to the link
structure of cyber malls.

Finally, from a survey of various internet shopping
sites Miles and Howes (2000) point out the many di!er-
ent approaches to supporting buyer and seller goals
using the internet. From their review and analysis of
possibilities, they then propose a framework for under-
standing e-commerce technologies and the human fac-
tors issues.

4. Web-related aspects

4.1. Growth of net use and overcoming anxiety

Amid the hype which still tends to provide a halo for
anything to do with the internet, it is important to keep
feet on the ground by good data from factual studies.
Kraut et al. (1998) gathered longitudinal data from 229
people in 110 households during their "rst year on
the internet. They found that interpersonal commun-
ication was a stronger driver of internet use than in-
formation and entertainment applications. With the
timescale for CHI conferences this study must actually
have been done in about May 1996}1997. As other stud-
ies noted in this paper show, use of the internet for a wide
range of activities is growing very fast. Nevertheless,
these (Kraut et al., 1998) results may well still be
typical for many households as they "rst start to use the
internet.

In contrast with the home, Anandarajan et al. (2000)
studied what antecedent factors were related to internet
use in industry. They found that neither age nor gender
nor any of the organisational variable were important
antecedents. Those who perceived the internet as in-
timidating used the net less; perceived usefulness was the
factor related to increased time of use and internet im-
pacts. Overcoming internet anxiety among teacher
trainees was studied by Wilson (1999a); from trials
of therapeutic factors he gives 10 recommendations
for assisting computerphobics to redress their anxiety
imbalance.

4.2. Distance learning

With the growing need for economy in all educational
services, it is a surprise not to come across more studies
about distance learning. However, as SoK derberg (2000)
says, the challenge lies in producing competence for the
individual student through good teaching while at the
same time using technical solutions to create added value
via the net.

Gnisci et al. (2000) conducted a virtual classroom
experiment with real users to test two multimedia
con"gurations with di!erent levels of interactivity. No
di!erences were found between the two systems for
usability and socio-relational factors, but the surprising
result was that learning performance increased in the less
interactive con"guration.

The other studies were all in a special journal number
edited by Iverga> rd and Berns (2000). All papers are rel-
evant but only two will be mentioned here; both are
concerned with the provision of learning materials and
success for people at work. Paulsson and Sundin (2000)
studied what factors in#uence the possibility of integrat-
ing web-based distance learning into the work situation
and the reactions of employees to various possibilities.
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Mulholland et al. (2000) developed a &document enrich-
ment' approach to assist with the organisational learning
process while minimising the increase in cost. This ap-
proach was tried in three di!erent industrial settings and
was successful but revealed the need for careful analysis
and some revision and development of the key docu-
ments in the organisation.

4.3. Electronic publishing

Although there was considerable work in the 1980s
and early 1990s (see Section 7.3 of Shackel, 1997, for
a review), there has been hardly any research in the last
few years. The rapid growth in use of the web has led to
improvements in hardware and especially in software.
There is no doubt that in time the shortcomings in
technology will disappear, even the fact that an adequate
size screen equivalent to two A4 pages side by side is as
yet too costly. But there are still many issues to be solved,
such as defence of copyright by publishers, preservation
of authentication quality despite new procedures, agreed
new archiving methods, and guaranteed preservation
and readability of archived material when both hardware
and software have changed in, say, 20 years time (let
alone 200 years).

Just four studies have interest. In the fullest one, Sum-
ner and Shum (1998) explore how `new forms of docu-
ment interface can be used to support new forms of
scholarly discoursea. In essence they place a contents list
menu of a document, e.g. journal paper, in a vertical
window to the left, using about 1

5
to 1

4
of the screen width;

when wanted and when using a large screen, a window
about 2

5
wide is placed on the right of the paper window

to contain commentary material, illustrative animations,
etc. Chang et al. (1998) support similar needs more sim-
ply, by providing facilities in the software to enable
pop-up small windows to be inserted containing the extra
material or animations, etc., but they did not test their
designs. BeH trancourt and Bisseret (1998) did test them in
comparison with presenting the pictures either close to
the text or in separate areas on the screen, and found that
the pop-up window led to higher performances both in
speed and in accuracy of information recall. But this was
"rst done by McKnight in 1988 (McKnight et al., 1991),
so that when reading a paper one could instantly see in a
pop-up window (without obscuring the exact text being
read) a table or a "gure or the full reference of a refer-
enced item; for the "rst time in my experience their
electronic version of journal articles had several advant-
ages over the paper version.

Finally, in the shortest paper Rho and Gedeon (2000)
have also presented journal papers on screen with the
contents list menu in a vertical window to the left, using
about 1

5
of the screen width. This they called the two-

frame format; it was compared with the common paper-
like format using the full screen width (so that the user

has to scroll or jump forward and backward through the
text) and with paper-like format but with table of con-
tents at the start, and with slides and cascades formats.
They ran two surveys, one by email and one via the web;
both gave similar results * the two-frame format was
preferred by 47%, the paper-like with table of contents
was preferred by 35%; the others received little prefer-
ence and the cascade format of page windows was con-
sidered worst by 65% of the respondents.

5. Virtual reality

The paper by Benford et al. (1997) leads directly from
the web to virtual reality (VR). From the analogy of the
web as cyberspace they demonstrate how it could use-
fully be accessed via three-dimensional displays; these
could represent, for example, a document archive shown
as positions in space of icons for the papers (or there
could be the thumbnail images of Robertson et al., 1998;
Czerwinski et al., 1999) and the links between them.
Browsing and navigating should be much easier than
with the usual limited browser display of one document
at a time, and several users could simultaneously browse
the same space, access the same information, and also use
web facilities to communicate with each other.

Having been the &wonder of the age' for a few years in
the late 1980s, VR fell out of favour described variously
as being only "t for fancy games parlours, really nothing
new (for example pilot training simulators had been
around for years), suitable only for very expensive ap-
plications, or entered only by cheap &do-it-yourself '
methods, which for a time attracted much attention and
became like the early days of computer kits for home
hobbyists (cf. Hollands, 1996). This has now changed as
professional systems have become robust, reliable and
cheaper and both research and application have become
respectable again.

An authoritative review of virtual reality by Stone
(2000) outlines the history, provides evidence of the
cost}bene"t value of VR, and summarises and illustrates
various applications * such as large-scale engineering
and design, defence (especially for training), medicine and
surgery, retail (e.g. product and supermarket designs),
and heritage uses. With regard to ergonomics, he points
out that not merely is VR now a proven tool to assist
with ergonomics design when this would be cost-e!ec-
tive, but also that ergonomics research is still needed in
VR application and commercial VR design needs good
ergonomics.

Some of these examples and issues have been dealt
with by other authors recently. Some aspects of the use of
VR in surgery are discussed by Dubois et al. (1999), in
particular augmented reality (AR) which makes use of
special headgear, or modi"ed optical instruments (such
as microscopes), and superimposes virtual images onto
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the user's view of the real world. Training for arthro-
scopic surgery is discussed and illustrated by Arthur et al.
(1999).

Various issues of VR technology, usability, side and
after e!ects and applications are discussed in a special
issue of Applied Ergonomics. Wilson (1999b) introduces
the subject, and exempli"es usage in the development
and evaluation of virtual environments for training and
in participatory workplace design. Kalawsky (1999) pres-
ents and describes VRUSE, a computerised question-
naire tool for evaluating the usability of VR systems; full
details are given and also an example of its application.

Two papers discuss the problem of a tendency to
motion sickness in vitual environments (Stanney et al.,
1999; Howarth and Finch, 1999). The same topic is
studied by Nichols et al. (2000) while also studying the
measurement of &presence' and a partial association is
reported between sickness and presence. Finally, usabil-
ity problems with typical physical VR components are
considered by Nichols (1999), and Deol et al. (1999)
discuss VR usability problems in general and propose
a theory which their tests suggest to have some descrip-
tive and predictive power.

6. Safety-critical systems

Despite the "rst edited book related to this area by
Broadbent et al. (1990), it is only now that attention is
being given to the fundamental problems inherent in the
general area of safety-critical systems. Of course, these
problems are not limited to software, although the
name arose in this context, and far too little attention is
being given to all aspects despite dramatic accidents such
as Three-Mile Island, Herald of Free Enterprise and the
Kegworth Air Crash. I suppose it is at least not totally
unsatisfactory that I only found one conference session
and one journal special number, but this seems rather
meagre in view of the anxiety we must all sometimes feel
about the great complexity of modern systems and the
unknown risks they pose.

Johnson organised a conference session in which his
"rst paper (Johnson, 1997a) shows how formal methods
of analysis (which can provide a common language for
systems engineering and human factors development)
will help to represent the factual and procedural informa-
tion that must be included in training courses. Palanque
et al. (1997) also support the application of formal models
and illustrate their approach with an analysis of part of
an air tra$c control situation. In his second paper Joh-
nson (1997b) describes some of the shortcomings of acci-
dent reports and illustrates how mathematical proof
techniques could help to clarify the preceding events and
their exact relationship to the report "ndings.

In their introduction to the journal special number
Gray et al. (1999) highlight the challenge of analysing,

designing and building reliable and usable safety-critical
interactive systems. Mackay (1999) describes her team's
intensive study of the role of #ight strips in air tra$c
control and shows why controllers are almost all very
resistant to proposals to automate them. She proposes an
alternative solution which could well resolve the whole
problem. Galliers et al. (1999) describe a method to assess
the possibility of user interface design contributing to
human error. They then propose, and demonstrate by
a case study, an impact analysis method by which to run
scenarios against a causal model of error; thus they
suggest this can help to focus on relevant guidelines for
safe user interface design. Fields et al. (1999) also propose
a method for comparing and evaluating design options.
They suggest that it can help to focus designers' attention
on the interactions where problems are likely to occur,
and they describe a trial of the method applied to com-
munication design in air tra$c control.

Finally, in an amusing but sound article, harking back
to the Greek philosophers, Bowen (2000) discusses the
ethics of trying to design software for safety-critical sys-
tems. He particularly suggests that there are seven deadly
sins to avoid when deciding which methods to adopt and
pursue as a basic part of the design process : (1) epideictic
(used for e!ect); (2) hyperbole (exaggeration); (3) pistic
(too trusting); (4) oligarchic (rule by a few); (5) ephemeral
(transitory); (6) epexegesis (additional words); and (7)
maiandros (meandering). He then considers various
ways, such as the codes of practice of the professional
institutions, to try to ensure an ethical approach by
software engineers despite being beset by managers fo-
cussed primarily upon the business "nancial goals.

7. From HCI to HSI (human-system integration)

The arrival of the new millenium has of course led to
re#ections and predictions by many. It is pleasing, in the
IEA Congress volume (Brown, 2000), to see some
thoughtful papers suggesting changes of emphasis for the
future. Ergonomics/human factors has never been un-
duly restricted in its scope, but the time has come to
return to some of the broader perspectives from the past.

Hoc (2000) rightly points out some of the limitations
of work in HCI, with its tendency to be restricted to
interface design issues. Now information technology is
involved in managing more and more complex and
coupled systems. These dynamic situations are not fully
controlled and are a!ected by unpredictable factors. To
handle this new complexity and uncertainty the human
and the machine must be able to work in cooperation.
A new approach is needed to understand and design for
these new, highly dynamic, human-}machine relation-
ships.

Rasmussen (2000) argues similarly that human factors
contributions must now be based on models of adaptive
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human behaviour in complex, dynamic systems. He then
emphasises, from his experience in research on industrial
risk management and decision support, that it is now
a major problem to establish conditions for cross-disci-
plinary research oriented toward the behaviour of com-
plex socio-technical systems. He suggests that the
problem has two sources * the very dynamism of
societal systems and the constraints of the academic
research environment * and he explains and discusses
these in some detail. Finally, he suggests the need to use
a higher level of representation as the basis for addressing
both research and design problems of dynamic human-
system situations * Cognitive Systems Engineering
(Rasmussen et al., 1994).

Moray (2000) also argues for change and development
in ergonomics. To help solve the many serious global
problems, ergonomics needs to be open to new disci-
plines, particularly those in the social sciences. Also, it
may be di$cult to generalise research on human-centred
socio-technical design without taking into account na-
tional characteristics, economics and political con-
straints. Currently, he says, there is more interest than
ever in what ergonomics has to o!er, but to deliver its
promise will require a much broader approach than
hitherto.

From the above, and as also discussed in Section 8.3 at
the end of this paper, it seems that the time is ripe for
a major change in emphasis. The focus, which has satis-
factorily been on human}computer interaction for over
20 years, now needs to broaden out and deal with the
human(s) in the context of the whole system and
with a combined user and system orientation. So we
need a name change to provide a stimulus and reminder
that we must now enlarge from HCI to human-system
integration (HSI) or system-human integration (SHI) or
user-system integration (USI).

8. Future possibilities and issues?

From the various themes and topics discussed above,
three seem likely to lead to substantial changes in the
ways in which people interact with computers and, con-
sequently, in the type and the extent of research and
application of human sciences knowledge and methods.
As with any attempt to guess the future, these suggestions
are fallible.

8.1. Web consequences?

Clearly, we are only at the very beginning of the
revolution in commerce, in industry, in shopping, in
work methods and location, and in publishing that may
well come about with another generation of Internet
users and of usage experience. What started as an aca-
demic curiosity and a "rst linking, then grew proli"c with

military funding, changed to a service for the entire
higher academic community (UK JANET from 1984 and
US NSFNET from 1985), and "nally, from 1995, became
a privatised service for which users pay the network
cost, usually via the telephone bill (Leiner et al., 1997).
However, it was the invention of the World-Wide Web
concept (Berners-Lee et al., 1994) and connectivity,
followed closely by the development of browser software
much easier to use than previous programs (MOSAIC,
NETSCAPE and Internet Explorer), which has led to the
dramatic growth in a mere "ve years. So how much will
inevitably change in the next 50 years, with child users
growing up with the web?

8.1.1. Cyber shopping
Nevertheless, there are many HCI problems to be

solved. The work on various aspects has already been
noted. Cyber shopping will not become widespread until
screen design, system speed and content structure have
been improved; a quick survey by Scott (2000), Insley
(2000) and Mathiason (2000) for The Observer of four
supermarket web sites (Sainsbury, Asda, Tesco and Ice-
land) criticised all except Tesco for shortcomings on
some of the above points and also, in some cases, for
delay in delivering the ordered goods. Above all, user
con"dence must be built by mastering the virus problem
(Bissett and Shipton, 2000) and by overcoming internet
credit card fraud. However, mankind has a long history
of seeing and feeling the goods before purchase, so it may
be quite some time before supermarkets become solely
cybermarkets.

8.1.2. Changes in work and society
It is even more di$cult to foresee exactly how work

and society will change, though they will change. Some
possibilities and issues for the &next generation o$ce
systems' were discussed in one session at INTERACT'99
(Edwards and LaMarca, 1999; Mynatt, 1999; Girgensohn
et al., 1999; Adams and Sasse, 1999). But on the much
wider work and societal questions, only Bradley (2000)
and Iverga> rd (2000) have made a "rst essay; their ideas
are stimulating and should lead into many more studies
and debates.

8.1.3. Electronic publishing
The impact on publishing might seem more obvious

and many have predicted the demise of the traditional
paper book (Press, 2000). But the 500 years since Guten-
berg have evolved a very successful technology with all
the necessary associated structures such as editors, qual-
ity refereeing, referencing methods and archives in libra-
ries. Nevertheless, especially in academia, the growing
cost of journals is stretching library budgets to the limit;
so the pressure to cut costs somehow will soon be irresist-
ible. One successful approach may be &on-line print-on-
demand' (Maio, 2000). The "rst stage is to reproduce
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existing paper books in electronic form and enable extra
sales much more cheaply; this conversion will soon be
done at 25,000 books a month using the new Versaware
technology (Machlis, 2000). Later new books will be set
electronically into standard page and book form but then
only sold via print-on-demand. The similar initial ap-
proach of parallel publishing for academic journals has
already been explored in the SuperJournal project
(Eason et al., 2000). With regard to newspapers, however,
there is no doubt that present electronic technology can-
not match economically the way in which a broadsheet
enables rapid eye scanning and selection (Newing, 2000);
instead, the industry is already providing supplementary
information on proprietary websites (Vernon, 2000).

Finally, much is yet to be done on the speci"c HCI
features needed for all the web users of the future (includ-
ing older, younger, and handicapped people), for new
applications on the web such as virtual reality, and for all
the other new modalities (3D graphics, voice, gesture,
etc.) of multimedia interaction.

8.2. Embedded ubiquitous computing * back to basic
ergonomics?

To introduce this area I cannot do better than quote,
with his permission, Naughton (2000):

The PC is an incredibly complex device because it is
a general-purpose machine. With the appropriate soft-
ware you can use it to process words, do numerical
calculations, create dazzling graphics, edit video and
audio tapes, listen to the radio, play music CDs, send
e-mail, browse the Web, chat to other people online,
create genealogical charts of your family, build a
database of bootleg Elvis recordings and so on ad in-
"nitum. The present-day PC, in other words, is a bit like
the domestic electric motors that appeared on the market
in the early years of the last century. I have before me as
I write a page from the 1918 Sears-Roebuck catalogue.
Under the heading &Aids that Every Woman Appreciates'
[sic] it extols the virtues of the &Home Motor'. With the
right attachments, the ad explains, one can use the motor
to power a fan, drive a sewing machine, power a portable
vibrator (&very useful and satisfactory for home service'),
drive a butter churn, whip cream, mix dough, etc.

The electric motor was the ultimate in domestic high-
tech in 1918. But spool forward eighty years and look
what's happened. Electric motors are everywhere * in
wristwatches, in high-" systems, VCR machines, cameras,
fax machines, shavers, toothbrushes* and, yes, even in
vibrators. Electric motors have become ubiquitous,
miniaturised, highly specialised and, well, invisible. Why?
Because in the end people value specialised machines
which enable them to do speci"c jobs, rather than
a clumsy generalised machine which, with the right at-
tachments, can do anything.

Much the same will happen to the PC. Most people
nowadays buy a PC because they want to send e-mail
and browse the Web. But in order to do this they have to
acquire an expensive, ludicrously over-powered, gen-
eral-purpose machine which is extraordinarily di$cult to
master. What they really need is a simple device they can
plug into the phone line, switch on and use to send and
receive messages. You have to be a masochist to use
a PC.

This theme was developed by Norman (1999) in Chap-
ter 3 of The Invisible Computer, and his book addresses
various aspects of embedded computers. He gives exam-
ples of possible &information appliances' in an appendix,
and he describes in Chapter 3 three axioms for the
design of such appliances: simplicity, versatility and
pleasurability.

While these axioms are valid, especially for new design
concepts, embedding computers to aid existing task situ-
ations can bring additional and new ergonomics prob-
lems to be solved. For example, automated call direction
through pre-recorded voice plus menus is becoming com-
monplace, but is by no means widely acceptable (Settle
et al., 1999); methods to lessen the dislike and improve
performance are recommended by Settle et al. (1999) and
by Goldstein et al. (1999). Again, wearable computers are
a form of embedded use and Baber et al. (1999) describe
a trial of a working prototype wearable computer for
paramedics; this showed shortcomings in the current
technology and led to a new industrial design concept for
a better ergonomic harness solution.

Thus, the more computers (and communications) are
embedded into appliances and products, the less relevant
will be the speci"cs of HCI design and the more will
design for the user depend upon basic ergonomics prin-
ciples and practice.

8.3. Not HCI but user-system integration * back
to systems ergonomics?

In the early days of ergonomics work for computer
systems, the human factors specialist (practitioner or
researcher) was typically involved with many aspects of
a whole system. So the focus of work was upon system
design in the round, upon allocation of function and on
the place of the human in the system (see, for example, the
books by Sinaiko, 1961; Sackman, 1967; De Greene,
1970; Beishon and Peters, 1976). Interface design (often
called &knobs and dials') was the logical endpoint of
design but was "tted in as time allowed. Even where
detailed design topics were addressed, the orientation
was still from a system viewpoint (e.g. Barmack and
Sinaiko, 1966; Jones, 1970). As computing developed,
especially with the microcomputer from 1980, the single
user came to the fore and both research and application
became focused upon the individual human's interaction
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with his/her speci"c computer, usually in an o$ce
environment. Interface details became paramount (cf.
Shneiderman, 1987). Usability was recognised as the key
concept, and was developed from a di$cult target to
a de"nable speci"cation to be engineered and evaluated
(cf. Shackel, 1981/1984; Bennett, 1984; Bennett et al.,
1984; Whiteside et al., 1988; White"eld et al., 1991;
Sweeney et al., 1993; Nielsen, 1993; Jordan et al.,
1996).

The huge amount of work on individual HCI has until
recently overshadowed work on the group and system
aspects. The latter work continued, however ( E.g.
Damodaran et al., 1980; Mumford, 1983; Hirscheim,
1985; Eason, 1988; Klein and Eason, 1991), and its con-
ceptual approach is gradually gaining ground. Although
many design process prescriptions these days include
fuller consideration of users, Eason (1988) re#ects the
broader approach:

many authors2consider that it is not su$cient to pro-
vide users with a formal role within a technically domin-
ated design process. Hirscheim (1985), for example,
considers that successful system design is primarily an
exercise in organisational change and as such user-
dominated socio-technical design methods should be
employed (p. 28).

In the rest of his book Eason then presents structures and
techniques (as developed by the mid-1980s) for a system-
atic user-centred approach to the application of informa-
tion technology in organisations.

In his keynote address to INTERACT'99 Gaines
(1999) presented a world view of the prospects and
possibilities for HCI if those involved are willing to
enlarge their vision and their orientation. He indicated
how the increasing openness of our societies, stimulated
by many factors including the march of information
technology, will pose many human and societal
problems. Their solution will certainly not come from
HCI alone, and HCI workers will need to work on
a broader basis with sociology, economics, anthropol-
ogy, politics, etc., to achieve a larger vision and a new
understanding of the complex world systems which are
the environment for future users and their machines.
Similarly Shackel (1997) drew attention to the need for
the focus to move back and outwards to system design
issues.

Thus, progress is bringing HCI full circle back to
a proper recognition that the system context is crucial.
Social and organisational factors will always strongly
in#uence, if not dominate, outcomes; if HCI researchers
and practitioners fail to deal with them, or to bring in
relevant expertise to do so, then others will have to deal
with them and probably at the expense of good HCI.
Therefore, much more attention than hitherto must be
given to concentrating "rst and foremost on the wider
orientation of the whole system within which the humans

are major participants; that is, the focus must move from
HCI to user-system integration (USI) or human-system
integration (HSI).

With the necessary move back to ergonomics focussed
on system design comes as an important change in em-
phasis. Too often the inclusion of human factors in a de-
sign has depended upon the chance availability of
a specialist. There is growing awareness of the need to
ensure the involvement of user-centred design by struc-
turing the design process to include a complete human
factors strategy (Damodaran, 1991). Thus, if at last HCI
does grow away from the single user (ec)centricity and
returns to the broader issues of system design, then in
doing so we need to work even more closely with soft-
ware design colleagues to build system design method-
ologies that include human factors strategies and are
truly comprehensive.

9. Conclusion

From the overview of recent publications carried out
to write this paper, what has impressed me most is the
very quantity and diversity of research and application
topics being addressed. On the other hand, although this
may be a false impression, there appear to be very few
groups or teams who are undertaking a coordinated and
consistent attack upon a major problem area. It seems
possible that the way in which research is funded, and the
way in which academic research is assessed under gov-
ernment and similar pressure, tends to promote indi-
vidual prominence. Similarly, application projects seem
to be more narrowly focussed to answer the speci"c
question, with no latitude for related wider study leading
to useful publication. This is unlikely to handicap the
research into, and development of, more usable web
applications or embedded information appliances, but
what about larger problem areas? How will groups and
teams be assembled to research into user-system integra-
tion and to address the ergonomics of major system
designs?

No-one would wish to return to the international
tensions which led to the ample research funding from
military sources to help establish some of the best work
on systems ergonomics in the 1960s and 1970s. But the
question I leave to my successors is * whence will the
size and scope of research teams and the funding needed
to support them come from, as user-system integration
becomes again one of the prominent areas of human
factors research?
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