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Developments in technology now allow designers to make
use of a wide variety of layouts to present material at an
interactive terminal. Our understanding of perceptual
and cognitive processes shows that various tradeoffs will
need consideration in evaluating such layouts (availability
of material vs screen clutter; reliance on user memory vs
use of reminders etc). We approach these through the
framework of attentional switching.

We shall report an experimental study which evaluates
these tradeoffs in a frequently encountered text editing
situation. Our editor may be set to either ‘insert’ or
‘overtype’ mode. This information can be displayed with
varying prominence in a peripheral window on the screen,
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displayed as a change of cursor, or omitted from the
screen display. We have monitored user interaction at a
keystroke level during text editing sessions and show t!
the different forms of presentation of reminder inforn
tion can result in substantial differences in performance

Keywords: Visual displays, windows, attention allocation, pe-
ripheral vision, reminders

1. Introduction

Interactive computing with visual display units is rapidly progressing
from a situation in which the VDU was employed simply to present
sequential text to a situation where the full potential of the technology
may be exploited so as to distribute information at a variety of different
screen locations. In particular, windowing tools are becoming widely
used as a design aid in planning interfaces. Our aim in this paper is to
suggest ways in which psychological knowledge of the visual, attentional
and memory systems can be directed to this application, and to presenL a
pilot study showing how the concepts may be amenable to experimental
investigation. The first part of the discussion is rather more general
than the specific issue which we finally home in on, which concerns the
presentation of visual reminders.

2. Activity with interactive displays

Window based interfaces allow the possibility of presenting a number
of separately addressable virtual screens within the confines of a single
physical screen. Furthermore, any one of these virtual screens can, in
principle, be used to gain access to further displays. One way in which
such a potential can be exploited is to allow a user to switch between

different tasks. A second type of use is to present ditferent sources of*
information relevant to a single task at diiferent locations on the screen. '

In this paper we concentrate on the latter, but it must be recognised
that the distinction between the two is by no means rigid. Most single
tasks can be subdivided into components. We are aiming to produce a
framework for a task analysis of this type of interaction. It is recognised
in the study of task analyses that a variety of different hierarchical levels
- may be considered. Our analyses consider a low level in the hierarchy, the
fine structure of user actions. However we have been struck by the extent
to which some of the concepts would seem to be useful for consideration
of higher levels also.

The seminal keystroke analysis of Card, Moran and Newell (Card,
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Moran & Newell [1983]) showed that certain activities, most notably
text editing, conld be rigorously analysed into an elementary detailed
sequence of operations. A limitation of their approach is the concen-
tration on a single goal-oriented processing streain. A feature of human
cognitive activity which becomes of increasing importance when more
complex display layouts receive consideration concerns the fact that
much processing occurs outside the main conscious processing stream.
Work on the psychology of human attention currently offers a model of
human operation in which activity (thought or action) in one principal
processing streain may be accompanied by activity in several subsidiary
processing streams. Attention is seeu as a flexible resource with tasks
which are overlearned and/or of minimal information content proceeding
in an automatized fashion at the same time as an individual engages on
a principal task.

This concept can be clearly illustrated from a consideration of the use
of vision. Our cyes take in visual information from a wide area of
the visual field. At any instant, the gaze is directed to one particular
location. Visual resolution is highest at this location and decreases at
points away from this location in a very systematic manner. Normally,
it is the visual material to which the gaze is directed which receives focal
attention. Nonetheless, visual processing outside the active region is
still occurring. For example. any substantial change will be capable of

eliciting an orienting response wheresoever it may occur in the peripheral
visual field.

Intensive investigation of the reading process (Rayner [1983]) has ex-
panded our urderstanding of how parallel processing is used dynarmically.
Detailed textual information is taken in from a quite small region (around
7 characters) where the gaze is directed. But less detailed information
{word boundaries, initial letters of words etc.) is also being simultane-
ously assimilated from more distant regions to assist in eye guidance and
provide some preliminaries to the detailed analysis. This information is
taken in from a wider region. extending in an asymmetric manner further
to the right of the fixation point than the left. It appears that certain
discriminations in parafoveal and peripheral vision can be made at no
cost to the attentional resources required for central processing, whereas
other discrimination can be made only if some conscious effort directs
attention to the periphera! location (Treisman [1985]). Under normal
circumstances, direction of attention to a peripheral visual location
would involve direction of an eye movement to that location although
the two operations are partly dissociable (Shepherd, Findlay & Hockey
(1986])

Miyata and Norman (Miyvata & Norman [1986]) have emphasised the
need to take account of multiple processing streams when considering
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the potential of window based systems. Of course, such multiple streams
may be occurring both on the human and the machine side of the
interface. In general, for the operator, one particular stream will be
occupying the current focus of consciousness (although not necessarily
exclusively) and a key aspect of activity becomes a consideration of how
this focus shifts from one stream to another. Surprisingly little seems
to be understood of this aspect of cognitive functioning. A profitable
analogy, drawn again by Miyata and Norman (Miyata & Norman [19806]),
is with the ‘interrupt handling’ used in computer function.

Consider as a working hypothesis the idea that conscious human activity
can be viewed as consisting of bouts of ‘processing’ which are ended
at an ‘interrupt’. Interrupts may obviously be generated externally
through the senses — a telephone call, the arrival of a visitor. However
the interrupt idea seems to have some face validity as a description of
internal causes of processing terminations as we discuss in the following
section. The ‘pop-up’ occurrence in memory of a task requiring urgent
attention is an example.

Situations arise in which interrupts are deliberately preset as reminders
in order to ensure that a particular task is accomplished. The topic of
reminders can link the abstract study of attention and processing streams
with practical design considerations since the provision of reminders is
rendered feasible by a multi-element display. However, a reminder is
also, by its nature, a distractor and its value may vary accordingly.
There are times when reminders may be more welcome than others.
It is not difficult to point to situations in which human activity is
hindered by an overabundance of interrupts. These may be external
(the telephone never stops ringing), but lack of concentration seems
also characterised by the appearance of too many distracting thoughts
from memory. Such situations may be contrasted with the low level
of interrupts characteristic of an individual ‘lost in thought’, perhaps
engaging in a search for inspiration.

3. Internal and external memory

The topic of reminders shows the intimate connection between the topics
of attention and memory. A reminder is essentially a memory aid and
memory aids are widely used in a wide variety of situations. If we need to
remember what to buy when we visit a shop we often take a list. External
aids to memory are often employed when other. intervening. cognitive
events might interfere with the processes of learning and recall. when
accuracy is at a premium. and when memory load is to be minimised to
facilitate the allocation of attention to other activities. It secms that,
in general, individuals prefer to use external aids to memory rather
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