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Developments in technology now allow designers to make
use of a wide variety of layouts to present material at an
interact ivc terminal .  Our undcrstanding of  percept t ra l
aud cognitive proccsses shows that various tradcoffs will
nced considcrat ion in cvaluat ing such layouts (avai labi l i ty
of  matc l ia l  us screen c lut ter ;  re l iance on uscr memory vs
use of reminders etc). We approach these through the
fraurework of attentional switching.

We shall report an experimental study which era-luates
thcse tradeoffs in a frcquently encountered text editing
si tuat ion,  Our edi tor  may be set  to e i ther ' insert '  or
'overtypet rnode. This inforrnation can be displayed with
vary ing prominence in a per ipheral  rv indow on the screen,
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displayed as a change of cursor, or omitted frora t:e
screen display. 

'We 
have monitorcd user interactiorr a: :-

keystroke level during text editing sessions and show tira:
the different forms of presentarion of reminder infor;:ra-
t ion cal  resul t  in substant ia l  d i f fcrenccs in performancc.

Keywords: Visual displays, s'indorvs, attention allocalion, ;.-
ripheral vision, reminders

1. Introduction

Interactive computing with visual ciisplay units is rapidly progrcssinl
foom a situation iu which the VDU was employed sirnply to prese::'.
sequential text to a situaticrn where the full polential of the technolog,
may be exploited so as to distribute information at a variety of diflercn:
scrcen location^s. In particular, windorving tools are bccoming rvide.r.
usecl as a dcsign aid iu plarrning interfaccs. Our airn in this pa1;cr is to
suggest u'ays in which psychological kLrowledge of the visual, attcntionai
arrd mernory systetns can be directed to this application, and to present a
pilot study showing how the concepts may be amenable to experimental
investigation. The first part of the discussion is rather tnore gcneral
than the specific issue which *'e 6:rally home in on, rvhich concerns the
presentation of visual reminders.

2. Activity with interactive displays

Windorv bascd intcrfaces allorv the possibility of praseuting a nurnber
of separatell' addrcssable vlrtual screens within thc coniines of a single
physical screen. F\rthermore, anv one of these virtual screers can, in
principle, be used to gain access to further displavs. One .rvay in silich
such a potential can be exploited is to allow a user to switch betrvcen
different tasks, A second typc of usc is to prescnt ditlerent sorrrccs of'
inforrnation relevant to a single task at diilerent locations on thc screen.'
In this paper we concentrate on the latter, but it rnust be recognised
thal, the distinction betrveen the t$'o is by no rneans rigid. trIost singlc
tasks can be subdivided into components. \['e are aiming to prodlrce a
framewcrk for a task analysis of thls type of interaction. lt i.s recognised
in the study of task c.nalyses that a rariety of dillerent hierarchical lc,eis
may be considered. Otu analyses consider a lorv levcl in the hierarchy. the
fine structure of user actions. Hos.'ever ll'e have been struck b5, the oxteni
to which some of the concepts *'ould seem to be useful for consideration
of higher levels also.

The seminal kcystroke analvsis of Carcl, lrtora;r and Nelell (Card,
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\lora:r &: Ncweil [1983]) shorved that certain activities, mos! notably
t€xt editing, corrld be rigorously analysed into au elemenlary detailed
sequence of oyrerations. A linitation of their approaclt is the concen-
tration on a single goal-oiiented procesing strealn. A feature of huuran
cognitivc irtivity which bec<-rrnr:s of increasing inrportance rvhen nrore
cornplcx display layouts receive consideration concerns the fact that
rnuch proce*siug occllrs outside the main conscious processing stream.
\\tork on tbe psycholo5' of human attention currenl,ly offers a model of
human operation in whicb activity (thougbt or a.tion) in one principal
proccssing strearn may be accompanied by activity in several subsidiary
processing s'lrcams. Attention is seen as a flexible resource nith ta-sks
rvhich are overlearned and/or of minimal information content proceed.ing
in an aulomatized fashion at the same time as an individual engages on
a principal ta^sk.

This concept can be clearll il lustrated frorn a consideratiou of the use
of vision. Our cyes talie in visunl information fronr a wide area of
thc visual field. At anf instanl, the gaze is directed to oue particular
locatioo. Visual resolution is bighest at this location aqd decreases at
poinLs away from this locarion iu a very s)'stematic manner. Normally,
it is the visual material to n-hich the gaze is directed rvtrich receives focal
aitention. Nonetheless, r-isual processing outside the actir.e region is
still occurring. For example. any substantial change wili be capable of
eliciting an orienting respoL.e wheresoever it may occur in the peripheral
risual field.

Intensive investigation of tbe reading process (Rayner [1983]) has ex-
pandcd our ur:dcrstanding of horv parallel processing is used dyrarnically.
Delailcd textual information is ta.ken in from a quite surall region (around
7 characters) where the gaze is directed. But less detailed informatiorr
(word boundaries, initial letters of words etc.) is also being simultane.
ouslJ'a.ssimilated from rnore distant regions to assist in eye guidance and
provide somc preliminaries to the detailed analysis. This information is
taken in from arvider region. extending in an asymmetric manner further
io the rigbt of the lixation poinr than the Ieft. It appears that certain
discriminations in parafoveal and peripheral vision can be made at no
cost to the attentional resources requireC for central processing, rvhereas
other discrinrinalion can be made only' if some conscious effort directs
attentioD to the periphera.l location (Treisman [1985]). Under normal
circumstances, directiorr of atterrtion to a peripheral visual location
r.'ould involve direction of a-n eye movemenr to that location although
the two operations are panlr-dissociable (Shepherd, Fiudlay & Hockey

[1es6])

\liyata and Norman (\li1'ara & Nornran [1980]) have emphasised the
:reed to take account of mdriplc prrlr'essillg streanls l'hen corisidering
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the potential of window ba-sed systems. Of course, such multiple streams
may be occurring both on the human and the machine side of the
hterface. In general, for the operator, oDe particular streant rviU be
occupying the current focus of consciousness (altbough not recessarily
exclusively) and a key aspect of activity becomes a considcration of horv
this focus sbifts hom one stream to another. Surprisingly little secms
to be understood of tlG aspect of cognitivc firnctioning. A profitablc
aralogy, drawn again b;- )Uiyata and Norman (iUi5'ata & Norrnan [1936]),
is with the'interrupt handling'used in cornputer functiolr.

Consider as a rvorking hlpothesis the idea that conscious hurna-n activity
can be viewed as consisLing of bouts of 'processing' rvhich are cnded
at an 'interrupt'. lnterrupts may obviously be generated externally
tluough the senses - a telephone call, tbe arriral of a visitor. Hos'evcr
the interrupt idea seems to have some face validitl'as a description of
internal causes of processing terminations as s'e.discuss in the follorving
section. The 'popup' occurrence in memory of a task requiring urgent
attention is an example.

Situations arise in rvhich iutcrrupts are deliberatel)'preset as reminders
in order to ensure tlrat a particular task is accon-rplished. The topic of
renriuders can lirrk the abstract study of attenlion ald processing streams
rvith practical design considerations since the provision of rerninders is
rendered fea-sible by a rnulti-element display. Hos'ever, a reminder is
also, by its nature. a distractor and its value ma1' vary accordingll,.
There are times s,hen reminders may be more n'elcome than others.
It is noc dificult to point to situations in rvhich human activitl. is
hindered b;- an overabuadance of interrupts. These may be external
(the telephone never stops ringing), but lack of concentration seems
also characterised by the appearance of too manl'distracting thoughts
from memory Such situations may be contrasted rvith the lorv level
of interrupts characteristic of an iudividual 'lost in thought'. perhaps
engagilrg in a searclr for inspiration.

3. Internal and external memory

The topic of reminders shoq's the intimate connection betu.cen the topics
of attention and memorl'. A reminder is essentiaD_"- a memor]' aid and
nrenroryaidsarervidel l-usediuawider.ariet l 'ofsi tuatiorrs. I frre needto
remernber rvbat to bu.v rvhen we visit a shop s'c often takc a list. Exterlal
aids to rnenrory are often employed rrhen other. intervening. cognitive
events might interfere r.rith the processes of learning and rece.ll. rrhen
accuracy is at a prerniunr, and rvhen memor)'loarl is to be rnininrised to
faci l i tate tbe al location of attcrrt ion [o other act ivi t ies. I l ,  s<rns that,
in general. individuals prefer to use external aids to rnclnorv rathcr


