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Abstract

The activities of opportunistic and involuntary Wing offer the potential for many of a user’s tatproblems
to be resolved serendipitously, with negligible mitige effort. In this paper we demonstrate howdksign of
two novel artefacts to support such behaviour veset on a set of Design Actions which were derfiad a
model of browsing behaviour in combination withaguitive model of human visual information processi
We propose the concept of Design Actions as a wayaiding the need for an interaction designepeissed
with these and similar artefacts to understanctigmitive theories underlying them.

Categories and Subject Descriptors: DD2gign Tools and TechniqugsUser InterfacesH5.2 [Information
Interfaces and Presentatioft User Interfaces User-centred desigrinteraction style; Theory and methods
H1.2 User/Machine Systempk Human Information Processing

General Terms: Design, Experimentation, Human Faciheory

Additional Key Words and Phrases: Human-computeeraction, Cognition, Opportunistic Browsing,

Involuntary Browsing, Serendipity, Design ActiorRapid Serial Visual Presentation, Table-top intéoac
Mobile Web browsing

1. INTRODUCTION

A number of cognitive theories have been devised éine immediately relevant to the
design of interactive artefacts for widespread geab and commercial use. As an
example, mature theories of human visual processarg explain many aspects of a
user’s behaviour while searching for a specificgmauring a rapid sequential display of
photographs on a PDA.

Unfortunately the potentially beneficial applicatiof these cognitive theories to the
design process is hindered by the apparent neeghfarteraction designer to understand

them. To overcome this drawback, this paper d@geém approach to interaction design
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that allows interaction designers to make direet afscognitive theories without having
to develop an in-depth knowledge of human cognition

To provide an illustrative context for the develapmof the new design approach we
have selected, and examined in some depth, the oanmawtivity of serendipitous
browsing. In the remainder of this section we mefand discuss serendipitous and other
forms of browsing to provide an illustration of tfedevance of cognitive models, leading
to a new framework having the potential to remdwe heed for interaction designers to
become familiar with cognitive theories. As expk later in this section, a significant

product of this framework is the concept of Designions.

1.1 Serendipity
Though the acquisition of information to satisfygaal is a widespread and common

activity, it is often far from effortless. Typidg) and as Norman's Action Cycle
(Norman, [1986]; Figure 1) reminds us, an intenti@s to be articulated, an action plan
has to be formulated and, finally, that plan hasbé executed. Available interfaces
support these activities with a greater or lessgree of success but, even so, the user
always has to be consciously aware both of the f@eidformation as well as the means
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Fig. 1. This graphic shows the actions that spamé gulf of execution (left) and evaluation (right)
according to Norman'’s action cycle as it relates tgoal oriented information seeking behaviour.



for its acquisition. The accompanying expenditafeognitive effort restricts both the
rate at which information can be acquired and ticériation to do so.

There is an alternative approach to the acquisitibinformation, and one which
requires little or no cognitive effort, even to theent that other activities can take place
simultaneously. We refer to tlserendipitousacquisition of information which typically
occurs when a user’s gaze happens to fall upoprasentation — perhaps an image and
two or three words - of some information of intéredJp until the point at which the
relevance of the representation to some long-stgnditerest is recognised, current
theories suggest that no conscious cognitive effoimvolved in the discovery of such
information (e.g., Lavie, [2000]; see also footn6je The cognitively demanding Gulf of
Execution (Figure 1) need not be traversed in sudituation. The three stages of the
Gulf of Evaluation are traversed (as highlightedFigure 1), and only if the stage of
evaluation identifies what has been seen as releiamne of a user’s many latent
interests or goals, does some conscious actioreensu

Many of users’ information seeking goals may beglterm in nature, and many may
not be easily decomposed into sub-goals that catramslated into immediate action.
Furthermore, at the time these goals were forméthlde courses of action may not have
been available or the user may have decided tleaetfort required to pursue the goal
outweighed the benefit of its achievement (e.gynBaet al. [1993]). In this respect
interesting light is shed on long-term unresolvedlg by Zeigarnik [1938] who showed
that uncompleted tasks are remembered better thrapleted ones. The fact that a mere
glance — perhaps only 100ms in duration — can érighe awareness of a possible
solution to a problem, coupled with the typical atfance of latent interests stored in a
user’s long term memory, suggests that the sergadfpacquisition of information is a
phenomenon that deserves to be studied with a tdewts exploitation. That is one

purpose of this paper.

1.2 Browsing
The serendipitous activity referred to above careibleer opportunistic or involuntary,
and it is important to differentiate between these activities. To do so we define two
classes of browsing, where browsing is taken tomtlkea perceptual registration of visual
content (Spence [1999]):

Opportunistic BrowsingOB) is intentional, but the user is unaware of goal being

pursued. The attitude underlying OB is ‘let’'s sdwt’s there’.



By contrast,
Involuntary Browsing(IB) is unintentional, though again the user is unaware gf an
latent goal that might be pursued. An exampleriiged by a scenario in which a
user's eye gaze, naturally moving rapidly between series of fixations,
serendipitously fixates on an information item tlmaay lead to the answer to a
longstanding query.

There is a third type of browsing which is not sgligitous in intent but will be discussed

later, and it is useful to define it here for compan:
Search BrowsingSB) is intentional, and the user is aware ofgbal being pursued,
however precisely or otherwise it is defined. W&B the Gulf of Execution is fully
engaged, with the inevitable expenditure of cogaigffort. SB is typified by a web

search for specific information.

1.3 Criteria for definitions of browsing

It is helpful if we can set our definitions of OBid 1B, as well as justify them, in the
context of some of the many studies (e.g., Fostedfo®d [2003], Catledge & Pitkow
[1995], Carmel et al. [1992]) that have sought adarstanding of browsing. About one
class of browsing — that which we and others hallead Search Browsing (SB) — there
seems little disagreement. Such browsinigtisntional and the user iaware of a goal
however crisply or fuzzily it may be defined. OtHerms of browsing have variously
been classified as ‘general purpose’, ‘leisurelydacasual’, to name a few. The
definition of general purpose browsing (CatledgeP&ow [1995]) suffers from the
qualification that it involves “consulting sourctigat have a high likelihood of items of
interest”, requiring that that likelihood be measliin some way if serious use is to be
made of the definition. Equally, there is diffibulin seeking precise definitions of
‘leisurely’ and ‘casual’.

However, useful light was shed on the definitionbodwsing by Foster and Ford
[2003] in their extensive investigation of sereriyip Their use of this term is consistent
with ours and includes — but clearly separatese-aittivities of ‘stimulated browsing’
(our OB) and ‘encountered browsing’ (our IB). Thagrify their view by remarking that
“this paper . . . reinterprets the notion of seipitgl as a phenomenon arising from both
conditions and strategies — as both a purposive anmbn-purposive component of
information seeking”. Respectively, we have indtamed the termintentional and
unintentional.



Our own definitions of browsing given above aredutly in agreement with those of
Foster and Ford, and are adopted because theyysatiteria which we feel to be
essential to underpin any experimental study, naifiglthey either do or do not involve
the Gulf of Execution; (2) they hold the promisebafing linked to a theory of human
visual processing; and (3) they do not assume ttebme of browsing. It is for the latter
reason that we would say that OB and IB are na&rgipitousper se they onlymaylead

to a serendipitous outcome.

1.4 Cognitive models

As we shall review later, current cognitive thesnggests that only 100 ms need elapse
before an information item is recognised as relgveamd points to the crucial part that the
human visual processing system plays in the sepéads acquisition of information.
Fortunately we know something about this processr the last few decades cognitive
psychologists have investigated the human visuategy experimentally and have
proposed models. Potentially, these models caof balue in the design of interfaces to
support all forms of browsing. We shall in factieasv some relevant experiments and a
model to which they lead later. The question remmahowever, as to how such a model

can be harnessed to inform interaction design laeckby lead to effective interfaces.

1.5 Interaction design

However well a cognitive model can explain experntaly observed behaviour, and
hence provide a basis for prediction, its valuelinsited unless it can beneficially
influence the design of interfaces to support OB Bh Notwithstanding the maturity of
any model, a major problem is posed by the fadt éimainteraction designer cannot be
expected to be familiar with, and judge the conseqas of, any cognitive model. There
is therefore a pressing need to develop approdbheallow designers to make direct use
of cognitive theories, but without them having tevdlop an in-depth knowledge of
human cognition. The development of such an amgprda the principal aim of this
paper, and will be illustrated by its applicatiom the design of two novel artefacts

intended to support OB and IB.

1.6 A new bridging framework

In an attempt to achieve this aim we present a dmonk which allows theoretical
knowledge of cognition to be expressed in a way ¢ha be applied directly to the design
of new artefacts. We do this (Figure 2) by exangnthe implications of a cognitive

theory in the context of a particular human behawiand in that way identify potentially
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useful design actions that can be applied to treigdeof artefacts intended to support
such behaviour. In that sense, a model or desgniif this human behaviour is acting as
a bridge between cognitive theories on the one hand andthenother, the benefits,
drawbacks and other issues associated with a 8pelgbign action (cf., Walenstein,
[2004]). Using the bridging method to provide arpigpriate context, as illustrated in
Figure 2, it is possible to translate the experitaleresults on which the cognitive theory
is based into concrete design actions, thereby mgaltie implications of theoretical
knowledge directly available to the interactionigesr. By using an appropriate format
for describing the design actions, the interacti@signer would not need to have in-

depth knowledge of the cognitive theory in question

1.7 This paper

In the remainder of the paper we explore this fd#yi To do so we select for
consideration those situations in which the seg@talis acquisition of information is
achieved by arranging for potentially relevant mfiation items to be encoded visually in
such a way that their relevance is effortlesslyesssd and without the need for an
information requirement to be consciously formuflateTo this end we identify, in
section 3, a cognitive model concerned with theerptetation of rapidly glimpsed
images, a model called Conceptual Short-term Menf@$TM; Potter [1999]}. We
then review, in section 4, the behaviour of Oppustic and Involuntary Browsing in
which a user may not be consciously looking foragtipular image but serendipitously
notices one that is relevant to their (long-estdigil) interests. We then, in section 5,
examine the relevance of the cognitive theory (C$Tdvthis behaviour (OB and IB) in

P it
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Human Behaviour

Design ' , Design
Actions
J

Actions
Fig. 2. Design Actions intended to inform the inteaction designer are generated by applying cogniter  'th
theories in the context of the human behaviour be supported and described in a behavioural model. g
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order to identify some design actions that may wlkefoe taken by an interaction
designer looking to provide electronic supporttfase two types of browsing. Although
the resulting design actions are shown in sectiém Be useful by reference to recently
designed artefacts, the principal aim of this papéo establish theEamework(Figure 2)

by which design actions are related to a cognitie®ry via the bridging mechanism of a
model of specific human behaviour. Complete vaiaiabf the framework will require
many more years of research effort, not just framWie feel it is important, therefore, to
present the framework now, and illustrate how it t& applied to the development of
useful design guidance. However, before embarkmgnuhe developments reported in
sections 3 to 6, it is useful first to set thenthie broader context of the problems posed

by interaction design and the precise role thahitivg theory can play in such design.

2. BACKGROUND

As already implied, interaction designers contiiyualearch for concepts related to

human information processing that could benefigiaiform their design activity. While

it is generally agreed that our understanding ofhynaspects of human cognition will

remain incomplete for many years to come, conshderprogress has been made in the

development of relevant psychological concepts muadiels. In fact, the needs of the
interaction designer are sufficiently urgent thaere currently available models and
concepts which are not fully developed and validate yet, but which nevertheless are
strongly supported by experimental evidence, mayrégarded by the interaction

designer as sufficiently robust to warrant experitaeuse. For example, even though
research into the detailed operation of memory a@tehtion is still ongoing, it appears

that even approximate models of these theoreti@dhanisms can already be applied

(e.g., Miyata & Norman [1986]).

Therefore, to make use of predictive cognitive tleoin HCI the following two
problems need to be addressed:

1. We need to develop theories that can predict ustrdaction with complex
multimedia systems. We describe one such theo§TW) in the next section,
following a brief survey of this need immediatelgidow.

2. We also need to develop methods that allow dessgbterdirectly apply these
theories to their designs without requiring themhtve any in-depth theoretical
knowledge of human cognition. Again, a brief syrvef available methods
provides the context for the novel method of swiigf this criterion that is the

principal focus of this paper.



2.1 The need for theories of interaction

Barnard et al. [2000] stressed the importance séldging cognitive theories to explain
and predict at the right level of detail for thendiof application under development.
Only then will it be possible to link cognitive dlagteristics of the user to system
featuresvia so called bridging theories (see also Barnard 11,98nd more recently
Walenstein [2004]). These bridging theories addteesehaviour (on a cognitive level)
of users as they interact with systems and thelddberefore be used to guide the design
of interactive systems. Although we are probablynsovay off developing full blown
bridging theories, a number of models have recehdgn developed that explicitly
address users’ interactive behaviour. These in¢liodeexample, a model for successful
interaction with complex graphical user interfa¢8sitcliffe and Ryan [2000]), virtual
reality (Sutcliffe and Kaur [2000]), the navigatioosf information spaces (Spence,
[2004]), information foraging (Pirolli [2005]; Pilband Card [1995]), and conversation
grounding (Clark [1996]).

2.2 The need for design support

The development of bridging models does not addtksssecond problem outlined
above. Indeed, the kind of design guideline aridiregn bridging theories is still too
generic to be translated directly into concretagiedecisions in the absence of in-depth
knowledge about relevant cognitive theories. Theliegtion of these guidelines is
therefore a potentially hazardous activity for desirs who are not necessarily interested
in acquiring such detailed theoretical knowledge. dvercome this problem, Sutcliffe
[2000] extended the notion afaims Claims were first introduced (Carroll and Rosson
[1992]) to provide generic examples of design dens appropriate to specific
interaction scenarios, and to illustrate these dfgrence to existing designed artefacts.
Sutcliffe argued that claims become vehicles f@teang theoretical knowledge used in
the design and evaluation of the specific artefantsvhich claims are based. By creating
generic versions of these claims and artefactssabdequently using them in the design
of new artefacts this knowledge is implicitly amali In the samgenre and with the
same aim of supporting interaction design, the ephof patterns (e.g., van Welie,
[2002]) has recently emerged. Patterns attempeértoapsulate proven good design
practice by providing general guidelines classifiedder generic headings (e.qg.
Interaction, Dynamic Queries) as well as outlineieel and examples. However, their
relation to underlying cognitive theory is rarelypécit and the advice proffered tends to

be qualitative rather than quantitative.



Other mechanisms have also been proposed fordtamgstheoretical knowledge into
design (e.g., GOMS, and cognitive models such a3-RCand ICS). However, their
application remains the domain of the expert, isegally very time-consuming or
addresses only basic low-level task componentsciiBet [2000]). The first of these
drawbacks is particularly problematic because dgper GOMS and cognitive models

are usually not the people with the design ideasexiperience.

3. A COGNITIVE MODEL

The rapid interpretation of images offers consitlkrgpotential for many applications
(Spence [2002)]) including on-line shopping (Wittard et al. [1998]), TV channel
selection (Wittenburg et al. [2003]), the searchdghoto within an album (de Bruijn et
al. [2001]) and the quick assessment ofghareof a video (Tse et al. [1998]). However,
there is little guidance available to the intemactidesigner who is unaware of the
underlying perceptual and cognitive mechanisms liredy and how they can be
exploited to advantage. In this paper we suggeat the interaction designer can
substantially be informed by guidance based on €gtual Short-Term Memory
(CSTM).

3.1 Memory

Our ability to remember or identify images is agdbing. We are able, for example, to

recognize a target image within a number of imggesented to us in a very rapid (e.g.,
10 per second) sequence (Potter and Levy [196%eiP[d975], [1976]; Intraub [1981]),

a mode of presentation called Rapid Serial Visuakéntation (RSVP). And, 30 years

ago, Standing [1973] discovered that, after beixgpsed to as many as 10,000 images

LTM «— STM

g Sensory C ot strintiony
_ gorisation |
@ > Storage D e = b M

( iryConsolidation [ ~

X i Forget

Fig. 3. A model of Conceptual Short-term Memory (C$M) and its relation to visual perception, long
term memory (LTM) and short-term or working memory (STM).
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for as little as 5 seconds each, participants ctatet identify, with surprising accuracy,
which one of a subsequently displayed pair of irsaglas among the 10,000 already
seen. Both of these examples are intimately astatiwith human memory, but with
very different ‘lifetimes’. In the second exammay model of the memory process is
primarily concerned with Long Term Memory (LTM), escognition occurred as much
as 2 days after exposure. By contrast, in thé érample, any cognitive model must
account for phenomena occurring within about 1A @0 milliseconds following the
onset of a visual stimulus. It is with such rapidqesses that Conceptual Short-Term
Memory (CSTM) is specifically concerned. Not susprgly, these processes are often
known as ‘fleeting memories’ (Coltheart [1999]).qually unsurprising in view of the
huge volume of visual and aural stimuli experienbgda conscious human being is the
fact that the process of forgetting is an integgature of CSTM.
In the remainder of this section we describe a hotlESTM and briefly identify the

experimental results which support it; for a detilexposition of matters relating to

CSTM the reader is referred especially to the palithns of Potter and her collaborators.

3.2 Conceptual Short-Term Memory

While conscious, we are continually in receipt @fual and aural stimuli (Potter [1993],

Potter [1999]). We look at the table, the waiteroas the restaurant, the lighting fixture
and the carpet, and hear a variety of sounds, psrihaluding conversation and the noise
of passing traffic, all in quite rapid successionSome images and sounds are
remembered; most are forgotten.

Those images and sounds are first held in sensorgige in which a literal copy of
the stimulus is held very briefly (Neisser [1967Because the lifetime of this storage is
of the order of a few tens of milliseconds, anysaguent processing of a stimulus must
occur with little delay.

Almost immediately following the arrival of a vidustimulus in sensory storage, the
stimulus iscategorized(Figure 3) by reference to previously stored kremge held
mainly in the user’s Long Term Memory (LTM)Thus, the stimulus may be categorized
as a cat in front of a house, or as coloured witjghs, or a briefcase. The categorisation

is the result of a lifetime of exposure to visuahsili®, and is little influenced by any task

2 The process we have described may be equallycayéi to sounds. However, in the
remainder of this paper we confine our attentiowisoial stimuli.
% In this section we use the term ‘visual stimulgsite generally. It can mean an image
as in a painting by Turner, an icon such as thatBdfil or NASA, the layout of a
letterhead, a line drawing or even the layout @hedext as in a motorway sign.
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being executed. The categorization is carriedeffairtlesslyand unconsciouslyand is
thought to occur in about 100 milliseconds. Supperexperimental evidence for this
and other aspects of CSTM is discussed below.

Following the categorization of a stimulus its miegfrelevance is interpreted, again
unconsciously. This process, also referred to afucturing or consolidation is
essentially one in which the relevance of a stimukither alone or together with other
images, is established within the context of a takskhich a user may or may not be
aware. The processes of categorization and comsioiidare incorporated in the simple
model of Conceptual Short-term Memory (CSTM) shawirigure 3, a model we shall
refine and quantify.

The process of consolidation may take different®mand may occur with reference
to information held in either Long-term Memory (LTMr Short-term Memory (STM).
Where a user is searching, for example, for a famjphotographic image within a
collection of such images, the ‘relevance’ will the identification of a match between a
target image held in memory and a currently viewadge. If the target image is one
seen some time (e.g., several hours or days) béf@research, then that information
usually resides within LTM. If, on the other haral,user is searching for an image
viewed just before the search (within seconds aruteis), or one of which they have a
clear image in their head, then the relevant infdrom will reside in STM. A positive
outcome of the structuring process results in tkanming/relevance being consolidated in
STM. In the event that no relevance is establistiedinformation will be lost from
current awareness (forgetting).

Potter [1993] points out that “this whole cycle deitification of stimuli, memory
recruitment, structuring, consolidation and thegédting of non-structured material —
may occur in less than one second when viewingtangd scene or reading a sentence”.

In case the wordhemoryin CSTM suggests something static it is usefyddot out that

* We are not claiming that the interpretation ofimage can start only after it has been
fully identified in the categorisation process. &girisation and interpretation may well
occur in parallel to some extent. In some casescthilld lead to the selection of an image
as the target image before it has been fully ifiedtion the basis of certain salient visual
features that set it apart from the non-target stémthe sequence (de Bruijn & Spence,
2000).
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Potter identified an essential feature of CSTM wfith remark that “... CSTM is part of a

dynamic, structure building process, rather thaassive store®

3.3 Experimental Evidence

Features of the CSTM model can be refined and diegghtby reference to seven

experiments:

1. A first experiment, illustrated in Figure 4a, is thfe form “tell me ifthis image
occurs in the rapid (e.g., 10 per second) sequehd¢ images I'm about to show
you” (Potter and Levy [1969]; Potter [1976]; Intta{l981]). In this experiment,
detection is about 80% to 90% successful dependpun the precise duration of
each image presentation. Here, following the categtion of each image, the
interpretation is simple: no identification of stture is involved, merely the
matching of a perceived image to a memory of thgetamage.

2. Ina second experiment, illustrated in Figure 4le, target image was specified again
in advance of the presentation, but this time byingi only a description of its
content (e.g., Intraub, 1981). Two levels of dg#@rnh were used; its name (e.g., “a
dog”) or its category (“an animal”). In this exp®eent a much longer presentation
duration, i.e., 258 ms, was needed in order tohregaproximately 90% detection
accuracy. Again, the interpretation is simple: grvecess of matching a perceived
image to a description of the target image helthémory can be disrupted by the
following image for much longer than in the caséhef first experiment.

3. In a third experiment (Tse et al. [1998]), the imagn a rapidly presented sequence
were key frames taken from a videotaped play (ligia). It was found that even at
a presentation rate of about 10 frames per se@opdrticipant could understand and
remember the gist of that play in view of the stuwe inherent in the video and
reflected in the sequence of key frames.

4. In a fourth experiment (Figure 4d) a participansi®wn a rapid sequence (e.g., 10
per second) ofinrelatedimages, and then asked afterwards if they recegris
having been within the sequence, images from a@etaining both old and new

images. In this case it was found that ‘recognitieemory’ was good only when the

> CSTM appears to operate as a buffer, linking togrethe quite separate entities of
sensory memory, STM and LTM. To build the complpteture, we would need to
include theories of sensory memory, LTM and STMisThowever, is outside the scope
of this paper.
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image. For examp_le, Ll L L1 time. Those identified by
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258ms
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1500ms you have just seen?
Up to 92% recognition
success
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image 1 and image 2." difference is detected.
—> <«
About 100ms mask

Fig. 4. A schematic representation of the experimesiillustrating the concept of Conceptual Short-
Tem Memory (SOA = Stimulus Onset Asynchrony).

decision was made immediately after the presemtaifothe sequence (Potter et al.
[2002]). Any delay in making the decision led toapid decline in performance, with
success rates of only around 10% to 20% (PotterLang [1969]; Potter [1976];
Potter et al. [2002] ) after a delay as shortas $ieconds.

A fifth experiment (Figure 4e) demonstrates that goor ability to recognize an
image in the experiment of Figure 4dnist a result of its short presentation time. In
this experiment the brief (e.g. 100 ms) presematibeach image was followed by a

meaningless ‘visual mask’, with the result that ges were easy to remember,
13



suggesting that whereas 100 ms would be suffidi@nthe user to comprehend an
image and identify it as the image being soughtndke experiment of Figure 4a, it
would be insufficient for its consolidation into & Term Memory (Intraub [1980],
[1984], [1999]; Potter [1976]).

6. Other experiments are relevant to briefly glimpsedges, and two are of particular
interest. One such experiment, in which the proaglsgonsolidation can have
interesting side-effects of which an interactiosigeer should be aware, led to the
term Attentional Blink. For example, if a particigais presented with two target
stimuli (Figure 4f), the presence of those stinmilan RSVP presentation is likely to
be reported correctly except when the second taageears within 200 to 500
milliseconds of the first target (Raymond et aB92]; Coltheart [1999]). The other
experiment of interest (Figure 4g) demonstrates pienomenon of Change
Blindness (see, Nowell et al. [2001] for exampldshow this may affect the
effectiveness of visual interfaces). Two imageg tlifer are shown in alternating
sequence, separated by a gap of about 100msofteis the case that a participant in
such an experiment will take as long as 20 sectmdietect the difference which,

when known, is strikingly obvious.

The experimental results illustrated in Figure 4bwal some degree of quantitative
characterization to be added to the CSTM modekjquéarly with regard to the arrival

times before which an image can interfere withghecessing of a previously perceived

LTM «—— STM

1

4 L/ )
//// & Y. 3
F e Sensory |_|g Categorisation Rememb 4c)
@ P Storage B\ \ er
| Consolidation | L P
. — A\ J Forget ‘
49)
100 200 500 1500ms
42 W4d] 40 4 4e
g No awareness of cognitive effort ) )

Fig. 5. A model of Conceptual Short-Term Memory (C$M). Times in the dark gray box are the
earliest arrival times of a following image to avad interference with categorization and consolidatio.
White circles identify experiments leading to variais features of the model.
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image. The enhanced model is shown in Figure Srevtimes in the scale are the earliest
arrival times of following images to avoid intedgéice with categorization and
consolidation. Blue circles with an inset identthye relevant experiments of Figure 4

leading to various features of the model. The egfimodel also indicates that a user is

not consciously aware of any cognitive effort dgrihe CSTM proce8sas well as the
fact that categorization and consolidation occysarallel to some extent.

Its success in explaining, with reasonable accyrhaoth quantitative and qualitative
aspects of human visual performance in the cortkkriefly perceived images is more
than sufficient to establish the value of the CSTMdel and related experimental
evidence to the interaction designer. In sectiowéexamine the process by which such
a cognitive model can provide valuable guidancthéointeraction designer. First though,
in section 4, we examine a behavioural phenomemagcttas a bridge in the derivation of

such guidance.

4. BEHAVIOURAL PHENOMENON
We now describe the way in which a behavioural rhpdevides the context (Figure 2)
in which the consequences of CSTM for interactiesign can be established. For this
purpose, we chose the phenomena of Opportunistidraroluntary Browsing described
in the introduction.
4.1 The behavioural model
Perhaps the first bridging model that was appliednteraction design is Norman’s
Action Cycle (Norman [1986]; Figure 6a). In this deb, human interaction with
computers is described as a cycle in which a uassgs, in sequence, through a number
of activities aimed at achieving a particular gddle formation of an intention to act, the
preparation of an action plan, and the executiothaf plan span the so-called Gulf of
Execution. The resulting change in the world (isystem response) is then perceived,
interpreted and finally evaluated in relation t@ thoal, thereby spanning the Gulf of
Evaluation.

As discussed in the Introduction, the behaviounessed with OB and IB is, like a

lot of human activity, not consciously goal driveA. user merely reacts to events by

® In a discussion headed “Is CSTM Conscious?” P¢it899, page 41) reviews some
relevant experiences but concludes by saying that * such [conscious] experiences
seem to be the exception rather than the rule.s,Tlhadopt the working hypothesis that
much of CSTM activation and selection and struamyrhappens before one becomes
aware: it is the structured result, typically, ohieh one is aware, which is why
perception and cognition seem so effortless andrate.”
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unconsciously evaluating them in terms of the mgagls, often ill-defined, that they
may be pursuing on a daily basis. Therefore, tohemsize the nature of OB and 1B, we
show by the highlighting in Figure 6a how OB and dBrrespond with the Gulf of
Evaluation in Norman’s Action Cycle and, most imjaatly, thatthey do not invoke the
cognitively demanding processes involved in tramgrshe Gulf of ExecutionNVhen, as
in OB or IB, Norman’s WorldChange is the change in a visual display, that ghas
perceived when the display is fixated, the contdithe display is then interpreted and its
relevance is evaluated. Indeed, Figure 6b posit@Bsand IB in the contextf the
CSTM model in the sense that perception, involfiRgtion on a display, corresponds to
the arrivalof a visual stimulus, interpretation is equivalémtthe categorization of its
content, and evaluation beconthe process of structuring to assess the relevainitet
content. In case the display is not already fixattie moment of visual change, fixation
on the display will either happen during the cow§@ormalscanning behaviour (either
planned or opportunistic), or can be achieved bigléberate orienting responsavards

the change.

4.2 Essential features of the visual change

For the interaction designer whose task it idesignthe visual change, the description of
Opportunistic and Involuntary Browsing in Figure 6fay be helpful but is far from
sufficient. More detail is required: we must e$isdb the necessary or desirable
requirements for the visual change designed byinteraction designer to support the
various stages of OB or IB identified in Figure 6bhese requirements are discussed in
outline below.

4.2.1. PerceptionPerception requires that any visual change bestergid without
undue effort. If the user’s attention is focusedtbe change, perception can occur in
under 30ms. If, on the other hand, the user's egedrajectory is quite random (i.e.,
involuntary), then their eye-gaze will only fixat& a visual change by chance: it may
therefore be some time before a change is perceiledrder to increase the chance that
a visual change will be fixated, it must be suffitly clear and abrupt so as to draw
attention automatically and invoke an orientingpmsse (Yantis and Jonides [1990]).
The latter course must be used only in situationshich it is absolutely essential that a
change be perceived, as it inevitably causes n@igruption to ongoing activities and

will lead to frustration and irritation if the chge is deemed not important enough.
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4.2.2. CategorisationCategorisation of a visual change requires thatcttenge be
meaningful, and will be facilitated by the provisiof appropriate visual cues, by good
visual design and by adequate presentation in texivsize, contrast, orientation and
duration.

4.2.3. ConsolidationSuccessful consolidation is the subject of marsigieissues.
For example, the use of well-designed visual imaggs usually ensure that a visual
change is sufficiently rich for it to be suggestofewhat the change represents. This is a
necessary requirement for the correct evaluatioramfitem’s importance. Incorrect
evaluation of an item’s importance may lead, ondhe hand, to relevant items being
ignored and forgotten and, on the other, to irr@tg\utems being consciously considered
for action. Both situations are clearly undesirable

As part of the consolidation process, the contant@ther be selected for immediate
action, stored temporarily for later selection or forgadtiror integrated with earlier
changes of the display. The exact outcome of timsaaation process depends both on
the decision strategy employed by the user andhheacteristics of the presentation. For
example, the user may employ a threshold match&agisficing) strategy, by acting

immediately upon perceiving an information itemirerest. Alternatively, the user may
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decide to postpone any action until a sufficienmber of items have been assessed,
whereupon the most relevant item is selected (agdition). However, whether the latter
strategy will work depends to a large extent ugumn dbility of the user to store all the
items until the moment when a selection is madéhénmext section, we providketailed
(i.e., quantitative) design advice for accommodagach of the possible outcomes of the

consolidation process.

5. DESIGN ACTIONS

Notwithstanding any value to be gained from theegahdesign guidelines discussed
above, the support they provide to an interactiesigher is still very limited, partly
because of their qualitative nature and partly bseahe guidelines contain insufficient
detail. Design trade-offs, for example, are neniified. What is needed is some way of
describing design decisions that identifies notyotieir consequences but also
establishes their advantages and disadvantageglhasmhe context in which they are
relevant (cf. Sutcliffe [2000]).

For many of the requirements arising from the dfmtion of an interface there may
be no sufficiently well established cognitive thesr We cannot, for example, precisely
quantify the requirement that “the visual changesbficiently clear and abrupt to draw
attention”. For other requirements, however, theeexnental results that gave rise to the
model of CSTM and shown in Figure 4 come into thmim, because some degree of
guantitative precision can be offered to the intBoa designer. It is important to note
however that it would be impossible to apply thessults correctly without the context
provided by the OB and IB model. For example, alfio we have established that a
presentation duration of 100ms should be enouglemadrtain circumstances, we also
need to know what the user’s intentions are likelpe in order to decide that presenting
an image for this length of time is indeed suffitiedn the next section we illustrate the
approach to the development obDasign Actionby addressing one requirement for OB
and IB; that of exposing users to as many inforomatiems as possible without requiring
the user to instigate changes in the world themeselior that requirement we derive a
design actiorby reference to the experimental results that stghe CSTM model, and
the model of OB and IB.

5.1. An example: Maximisation of information exposure
We shall explain the characteristics and derivatiba design action by presenting one in

Table | and explaining it in detalil.
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Table I. An example of a Design Action.

ID

DAl

Title

Maximisation of information exposure

Description

Expose users to as many representations of infavmatems as|
possible commensurate with maximising the likelithoof those
representations being correctly interpreted in $errof the
information being represented.

Effect

The more of these items being presented to thetbeegreater the
likelihood will be that one is perceived that isedevant to a user’
interests.

Upside

(1) Queries need not be explicitly formulated, las televant itemg
will be recognized as such when encountered.
(2) Irrelevant items will be forgotten with no castcognitive effort

D

Downside

Any display area is finite, giving rise to a tragf-between the
number and size of items being presented simultasigoand their
presentation duration.

Issues

Comment is often made concerning the effects obrinition
overload. This is not so relevant here, becauseadditional
cognitive effort is involved in perceiving, integiing and then
forgetting information that is irrelevant. Howeyesny action
triggered does require focused attention. It erdfore important
that this DA be applied to situations in which thieelihood of
encountering a relevant item is relatively smdlimultiple items of
interest are likely to be encountered, then itipartant that either
a) the items can be easily prioritised, or

b) the items can be dealt with sequentially.

Theory

Current theory suggests that irrelevant informatisn rapidly

forgotten at no additional cost.

The design action is headed by identifier (here, DA1), and a briditle (here,

“Maximisation of information exposure”) indicatirgs clearly as possible the expected

result of applying the design action. In this amte the designer wishes to expose a user

to as many relevant information items as possible.

Next, aDescription clarifies the necessarily brief title.

Under Effect, the apparently obvious point is made that theemt#ms that are

presented to the user, the greater is the likethtt@at one will be perceived that is

relevant to the user’s interests.
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In the Upside section the advantages accruing from the desitjoraare delineated.
Here there are two. One - and the most importaat-chas already been emphasised in
this paper, namely that there is no need for tlee tes explicitly formulate queries. The
second is that there is no conscious cognitivereffgsociated with items that are
forgotten.

Trade-offs are identified in thBownside section. Here the trade-off is imposed by
the combined finite resources of display area ardgntation duration.

Issuesthat are neither Upsides nor Downsides will ofteise in the application of a
design action. Here, one concerns the notionfofimation overload.

Intentionally, design actions are described in suetay that the underlying cognitive
Theory need not be understood by the interaction desighvertheless, to provide an
opportunity for that designer to ‘dig deeper’, &rence to the relevant cognitive theory
is provided. Here, the forgetting process of CSiEMf particular importance, because it
suggests that most items will be forgotten withitvet user becoming aware of them.

In this section we have illustrated the derivatafna design action from cognitive
theory (here, CSTM) via the context of a bridgingdal of human behaviour (here, OB
and IB). Other design actions whose derivationuiieed in Figure 7 are collected in the
Appendix for the same cognitive theory and behadbmodel. These DAs address a
variety of design issues. DA1, as discussed, sigghow a user’'s exposure to
information can be maximized. DA2 is concerned witasentation to support immediate
responsive action within a ‘satisficing’ strateghf. an exhaustive examination of
information items, followed by immediate appropgigelection (an ‘optimising’ strategy)
is the aim, then DA3 is relevant. If, however, seuis expected to assess each
information item in the context of the others ahént make a considered decision (a
‘preview-consider-select’ strategy), then DA4 o$femppropriate guidance. DA5
addresses a different type of user task, one irclwkiie gist of a narrative must be
deduced from a rapidly presented sequence of leeyes. Finally, the need for a user to
be aware of visual change is addressed by DA@dridllowing section, we illustrate the

application of these design actions to the desfgwo novel interfaces.

6. USING THE DESIGN ACTIONS
We illustrate the value oflesign actionsby their application to the design rationale
associated with two artefacts. These artefactsvarg different: one involves focused

Web browsing by a single user on a small displagt ik typically part of a pocket
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Fig. 7. This schematic representation shows how tHgesign Actions are derived from the model of
CSTM through the behavioural model of OB and IB. Tte white circles represent the various
experiments on which features of the CSTM modelugh as estimates of the minimal delay between
onset of consecutive stimuli to prevent interferece, are based.

computer or mobile phone, while the other involuegocussed multi-user interaction

with a large display embedded in the surface afféee table.

6.1 The mobile Web browser

The DAs described in the Appendix were used to supthe design of a Web
browser for small screen devices such as mobilmgh@nd personal digital assistants
(PDA) (de Bruijn & Chong, [2002]). The browser wedended to support intentional
browsing activities aimed at retrieving informatifmom the Web, activities similar to
those supported by conventional browsers runningl@sktop computers such as MS
Internet Explorer and Mozilla Firefox. As we shallow, some of the Design Actions
outlined in the appendix are specifically relevaatthe design of this browser. A
prototype of the mobile browser was implementedweilhg users to browse daily news
stories (ITV News; Figure 8a). In this prototypeotievels of RSVP were employed. At
the first level, RSVP was used to present link$iite news categories (e.g., “Britain”,
“World”) in the form of a one-word label and an igeafor each category (see Figure 8b).
One deemed by the user to be appropriate couldelxted after which a further
description (Figure 8c) of the news category becaweilable for viewing A second

level of RSVP presented a sequence of previewsewfsnstories within the selected
21



category (Figure 8d presents one example of thé&sh preview contained a readily
identifiable image that was representative of tbatent of the story and a very brief
description in the form of a headline. When a symmgview at this level was selected, the
first page of the news item was presented for (iélgure 8e). The news item could then
be read at leisure, using a paging action if therevof the content so required (cf. Oquist
et al., [2004]). All content was taken from the INéws Web site (www.itv.com/news).
6.1.1 Application of Design Actions

Five of the Design Actions (DAs 1, 2, 3, 4 and 6g¢gented in the Appendix are
relevant to the design of the browsd¥Al, for example, is relevant since the user will
often wish to assess as many information itemsaassiple without wasting time and
effort. Such assessment of items can be benefioiaboth search browsing and
opportunistic browsing situations. In search braygsthe adoption of this DA allows the
user to assess all possible actions and deterimnieest possible one in the acquisition of
a target item. In opportunistic browsing, this DWows quick and effortless assessment
of options for their relevance to perhaps many aosied goals.

Subject to the demands of other DAs, as discusskavbthe need to present as many

£ RSVP Browser [WELT
WORLD NEWS

= RSVP Browser @‘I \@

Bringing you the latest news
and headiines from all over

the world.

From Europe, the Americas,
Africa, and Asia

(b) (©

= RSVP Browser

@\%k Iceberg breaks

Iceberg breaks off off Antarctica

Antartica

A new iceberg nearly twice the size of
Cornwall has broken away from
Antarctica, faising fears a big thaw
may be on the way

The US National ice Centre reported
that the iceberg - named C-19 - had
spiit off and was floating next to
Antarctica's Rosslce Shelf

The iceberg measures 2428 square
miles and is named C-19 because it's
the 18th new iceberg reported in that

@\%@@

(d) (e)

Fig. 8. The RSVP Browser presented information item on five levels of a content hierarchy; (a) the
home page, (b) a news category option, (c) a nevategory, (d) a news story option and (e) a news sjo
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items within as short a time as possible can bisfat in many ways. Given a large
display, for example, information items can be pnésd concurrently, and rapidly
assessed in the course of many sequential and egpidaze movements. But such an
approach is not possible within the constrainttheflimited display area associated with
a mobile phone or PDA. However, one method of priedmn that is ideally suited to a
limited display area is that known as Rapid Sevigbal Presentation (RSVP; Spence et
al., [2004]), in which each information item is plisyed in full for, say, 100ms, and then
replaced by the next item for a similar periodiofe. Thus, with RSVP, each item can be
represented by both text and an image occupyingstlthe same display area as within a
standard Web page. Indeed, as far as the usetialysocessing system is concerned,
there is much in common between an RSVP presentatid the succession of images
presented to the foveal region of the eye as tlee sisans a much larger Web page.
Alternative approaches to the presentation of imfdion on small displays have been
suggested, but suffer from significant disadvargageor example, scrolling both
horizontally and vertically to assess large amouwffiteformation on a small screen puts
unacceptable demands on the user (e.g., Jones[£999]), while reducing the amount
of information displayed to a list of brief textuggéms significantly increases the risk of
misinterpretation of their relevance (e.g., Kaasf2d02]).

Once we decided to use RSVP of information iterhs, riext issues to be resolved
were the appropriate presentation rate for eaclhefpreviews, and the appropriate
actions for selecting items. A number of DAs weegtipent to these issues.

DA2 suggested that a fixation of 100ms on an infornmttem may be enough to
ensure that its relevance can be established edtbonable certainty. Thus, if immediate
selection of a ‘satisficing’ item — possibly in trebsence of further search — were
intended, then a presentation rate of 10 per sesomutl have been adequate. As soon as
a relevant item were encountered, the user showld be able to stop the presentation
and select the item. Alternatively, the user mighdpt an ‘optimising’ strategy and wish
to see all available items before selecting thet'b&ccording to some criterion. In this
case,DA3 pointed to a presentation rate of 2 per seconke IDA2, this DA also
required that the interaction design be such tmatuser would have easily been able to
select an item after the different options wereesssd (optimising)For yet another
strategyDA4 was relevant. This design action was relevantdaegy in which the user
wanted to preview all the options and only thinkwdfat the best option was after all of

them had been considered (preview-consider-sel&ttjhis case it would have been
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important that users were able to remember allhef dptions for some time after
presentation during which a decision about thegoreél option could have been made.
DA4 suggested that in such a situation a presentatite of less than 1 item per second
would have been appropriate, with a maximum linfiil6 on the total number of items
presented before the user is given time to congligealternatives and make a decision.

To summarise, RSVP rates of approximately 10, 2 laitdm per second have been
associated with different strategies that usersitragopt. To cater for the fact that a user
might well adoptny or all of these strategies, the slowest rate at firshseeappropriate
for design purposes. However, the choice of presient rate should be guided by the
strategy that the users are likely to adopt. Indhse of the RSVP Browser, and for the
purpose of the planned evaluation study in pasdicysee section 6.2), it appeared
unlikely that users would adopt a preview-consisildect strategy and we therefore
settled on a presentation rate of two per second.

Finally, the detailed design of information itemsisvalso informed by the design
actions. For example, DAl required that both redagmn and interpretation of
information items presented using RSVP would havébe rapid and effortless. This
suggested that each information item contain ar ¢gfteage and no more than about five
words of text, since it is the gist of each iteratthas to be interpreted rapidly (longer
texts would take too much time to rea®A6 suggested that any change in the display
should involve the presentation of a new gist.

6.1.2 Operation of the RSVP Browser

The items available at both levels (news categamies stories) were permanently
represented by buttons presented in a column abegight side of the screen (see
Figure 8). These buttons allowed users to selenistdirectly in case they were looking
for a particular story and knew where to find #dsch browsing), or, indeed, to perform
‘manual RSVP’, which may be preferred to suppastasficing strategy in opportunistic
browsing’ The RSVP of a sequence of information items wastesd by pressing the
centre of the PDA’s directional pad. After a shdelay the first information item was
presented filling the majority of the screen. Tlaemew item appeared every 500 ms until
the RSVP was stopped either by pressing the cafttbe pad again, by tapping the
screen in the area where the item was presentetdy dapping one of the buttons.

Selection of an item was achieved by double tapgiiegmain display area on the screen.
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If the RSVP overshot the target or if it was stappeematurely, repeatedly pressing the
top or bottom of the pad allowed the user to staegklor forward, respectively, through
the information items. Alternatively, the appropeidatem could be identified during the
first presentation and selected during a seconseptation. For this purpose, the RSVP
would loop to the first information item after tfest one was presented for 500ms and

the whole sequence would be presented again.

6.2 Evaluation of the RSVP Browser.

An evaluation of the RSVP Browser compared it watiPocket version of Microsoft
Internet Explorer (‘Pocket IE’), both implemented a Compaq IPAQ PDA (Figures 8
and 9). Thirty participants were each asked taewdrinformation from a set of 32 news
items divided into five categories. Half the papants were randomly assigned to use
the RSVP Browser and the other half used the Pd&eEach participant answered a
series of eight questions, of which a typical exbnigx

“The cross-border train link between Belfast anddlin has been closed after
several explosions were heard near the line. Hasduse of these explosions
been identified?”

Participants using the RSVP Browser were askedsdmee questions as those using IE
Explorer. Three sets of questions were used swathliie answers to each of the questions

in each set could be found in the same news catebat in different stories, as in the

E-| Internet Explorer 14:20 [QE4 erne ore

ITH Hews ~|Go| |ITH News ~|Go| [ 1T News v
ITN: Business News F=! | ITN: Business News =
Kingfisher in £3.2bn deal Kingfisher in £3.2bn deal

m] Highstreet retailer Kingfisher is to buy Highstreet retailer Kingfisher is to buy
3 the French owner of B&Q, and Q| |the French owner of B&Q, and Q

ﬂﬂﬁﬂ!ﬂlﬂ.&ﬂﬁ& demerge its own electrical goods demerge its own electrical goods

ITH Entertainment News chain, which includes Comet, chain, which includes Comet

T Business Ne Man Utd shares dip on price-fix It will seek £2 billion from shareholders

1T Sports News claim — | 1o pay for the deal through a rights =
Shares in Manchester United have 1ssue.

Wm fallen after it emerged it could be The group intends to focus on building
found guilty by a Government up its DIY business across Europe and
watchdog of price-fixing over replica will pay £3.2 billion to take full control
football kits of the French DIY group Castorama in
Huge HBoS bonus plan wins vete which it already holds a 55 percent
Shareholders of hanking group HBoS stake
have vated in favour of pay and =] | Kingfisher runs B&Q on behalf of [~

View Tools & [7] ¢} (3] view Tools & [7] (2} (5] View Tools = [2] (7} (3)

(a) (b) (c)

Fig. 9. The IE browser presented three levels of@ntent hierarchy; (a) the home page, (b) news
headlines and extracts, and (c) news stories.

" Automatic RSVP is likely to overshoot a relevasti before it can be stopped. If the
number of choices is limited, the user may judge the extra burden of manual RSVP is
sufficiently compensated by not having to backkraefore the item can be selected.
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corresponding questions of the other sets (makitagah of 24 questions). This was done
to minimise the chance that some questions wouwduiaone type of browser over the
other.

Participants were given no instructions about tinectioning of the two browsers
either prior to or during attempts to find the amswo the first question. Then, while
looking for the answers to questions two to sixtipgpants were given instruction on the
use of the browsers and any questions they had arseered. When looking for the
answers to questions seven and eight, participsete again not given any assistance.
This method allowed us to assess both browserssgidity during question one and
their ability to support skilled user performanagidg the last two questions (Moyes and
Jordan, 1993).

6.2.1 Performance

We scored the performance on each question by megghe time to find the correct
answer (Time), and the number of unnecessary saps to find the answer normalised
with respect to the minimum number of steps requif®teps). Although participants
using the RSVP Browser needed, on average, moreftha times as long to answer
guestion 1 (100 seconds) compared to those usiligABeconds), this difference was no
longer apparent when answering questions seven egit (24 and 25 seconds
respectively). A similar comparative performanceswabtained for the number of
unnecessary steps (see de Bruijn and Tong, 2008efailed statistical analyses). These
results show that for users who had very littlecfice, the RSVP Browser was as
effective as thele factostandard for mobile Web browsing.

6.2.2 Users’ preferences

Particularly relevant to design actions DA2, DA31dDA4 was the result of eliciting
users’ preferences concerning the speed of RSVRh&®1L5 participants who used the
RSVP Browser, only two indicated that they expesezhthe RSVP preview rate as being
‘too fast’ on a five-point scale ranging from ‘too slow’ two fast’. Furthermore, only
four participants indicated, on a five-point scabnging from ‘very easy’ to ‘very
difficult’, that they found it either difficult (3pr very difficult (1) to select their desired
choice using the RSVP function, whereas nine fotlnigl easy to achieve. These results
suggest that the choice of 500ms display per inftion item was well advised by the
DAs, but that it may represent a minimum for the/RSBrowser.

When asked whether they found it easy or diffi¢aligo to a particular news story

most IE users found it easy (13) whereas the RSkRv&er users’ opinions were more

26



divided with some finding it very easy (5) or ed6y while others were indifferent (4).
However, when asked whether they found it easy ifficult to assess the available
options for their relevance to the questions, slyjgmore RSVP Browser users found it
either very easy (1) or easy (11) than IE useen(®8 respectively).

6.2.3 Support for browsing

The RSVP Brower supported both automatic and mamnesentation of information
items, and most participants who used this browpéed for the latter. They did this by
clicking, using the device’s stylus, the buttonspiiyed along the right side of the screen
(usually) in a top-to-bottom rapid sequence. Afsgsproximately question 3, the
automatic method was only rarely used in the seleaif news categories, which were
mostly selected by a directly clicking the one bnttepresenting the desired category for
each questiofi.Similarly, most news stories were assessed thronghual RSVP. Only
one third of the participants chose to use autamBiISVP to find the answers to
questions seven and eight. The other participas#d the preview buttons to assess news
stories, and this was almost universally done bgguthe stylus to click the buttons in a
top-to-bottom order until the relevant preview vimsnd and selected. On the one hand,
participants who manually explored news storiegssed on average only 0.15 previews
more than a satisficing strategy would predict wlagrswering questions seven and
eight. Participants who used the automatic pretientaf news stories, on the other
hand, assessed on average 3.14 items more, butithegt consistently assess all stories
as would be expected if they adopted an optimisingtegy. Therefore, it appears that
both methods were mostly used as part of a satigfistrategy, which may reflect an
emphasis on search browsing induced by the nafutedask participants were given to
perform.

6.2.4 Conclusions

From the evidence discussed it could be arguedhbat is, at least, @ima facie
case for considering the potential of RSVP to emaldb content to be assessed via a
mobile display. Although the evaluation probakdg@ssed the browser’s support of
search browsing rather than opportunistic browsimgights into its support of OB can be
gained. It is apparent, for example, that the Bewvsupported both the immediate

selection of items of interest as soon as they waopuntered (satisficing) as well as, on

8 This method was potentially error prone in theesloe of textual labels on the buttons,
and five errors were made in total while answerngstions seven and eight.
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some occasions, the exhaustive exploration oftaltreatives and the selection of one of
interest (optimising).

Support for the relevance of Design Actions is iicipkather than explicit, and is
especially difficult to elicit when different types browsing may be present: the
existence of three user strategies that may beteddprther complicates the picture.
Nevertheless, with regard to the choice of RSVP fat which DA2, DA3 and DA4
offered differing guidance, the fact that only 2 otififteen subjects regarded the rate as
too fast is encouraging, as is the absence of aggtive indications regarding users’
behaviour. Nevertheless we do not underestimatetthkbenge posed by the eventual
need to disambiguate between the three types ofdimg as well as the strategies

adopted by users.

6.3 The Coffee Table

As stated in the introduction, people have a conistaed for information, a need that is
conventionally serviced by an explicit statement ioferest according to some
conventional scheme (e.g., Google). Nevertheldssygh people have many interests,
they cannot continuously, simultaneously and cansty articulate them. An alternative
and very attractive way of servicing their inforioat needs, in that it requires no
articulation or conscious effort, is to employ oppaistic or involuntary browsing. In
order to allow as much involuntary browsing as fissgo take place we need to expose
users to a large number of information items ineortd significantly increase the ability
of people to access information serendipitously.

In order to expose people to as many items of métion as possible whilst they go
about their daily business or pleasure, we desigmmedmbedded interactive information
display in the form of a coffee table. The Tables tea dual role. It supports social
intercourse by allowing people to sit around thél&a perhaps drinking coffee, eating
donuts and engaging in conversation - while exmpdimse people to a range of
information items. A video projector above the TalffFigure 10a) projects, on to the
Table’s surface, information items in the format rettangular frames (Figure 10b)
typically comprising a picture and about two oretamords (Stathis et al., 2002).

Typically, these information items will be drawrofn a large collection relevant to
the locality in which the Table is established (elgcal news about a village, with the
table installed in the village's pub). Because tf®rmation is not selected with the

interests of a particular user in mind, but insté@da community of which the users are
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(a) (b)
Fig. 10. (a) The Coffee Table, showing the video gjector responsible for projecting information items
onto the table surface. (b) Information items projeted onto the surface of the Table move slowly arowl
the perimeter. The interactive DiamondTouch surfacgRyall et al. [2004]) senses touch on a particular
item which the coffee table software translates it manipulations of the information items.

likely to be members, the collection will almostteénly contain a mix of items that are
relevant and irrelevant to any one person.

If a person sitting at the Table notices an iterpatential interest a decision between
three simple actions will have to be made basetherdisruption to social intercourse
that is deemed to be acceptable. In the ordepwftb high disruption these actions
include (1) the item is ignored (no action is exedy; (2) the item is moved by finger
drag to the edge of the Table where that persaitting; or (3) the item is moved to the
centre of the Table by finger drag, whereupon fiagds to be more easily studied. If
action (2) is chosen the user can later copy sagkdsitems onto some storage device
(each touch is identified by seat identificatioti)action (3) is chosen, two options are
now possible: (a) the magnified item can be igndiedvill fade away after about five
seconds), or (b) the magnified item can be conatditl in the centre of the Table —
perhaps for all to discuss — by tapping a fingetttensurface where it appears. All the
actions described are supported by a Table su(fgall et al., 2004) which is sensitive
to the touch of a finger, and which can identif/atwner.

Not surprisingly, there are aspects of browsingabvedur for which the Design
Actions do not offer guidance. One such is the needvoid disruption of people’s
natural eye gaze behaviour if it is the intentidnttee designer to suppomvoluntary
browsing rather than opportunistic browsing. Fors theason the speed of image
movement was chosen to be one revolution in abaunin2ites as this ensured that each

item was presented for long enough to allow it®esssent through intermittent glances
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at the table. Some of the many design decisions lsawever, be directly related to
design actions, as we now discuss.

DAl indicates how it is possible to expose users taymaformation items without
imposing unacceptable demands on the user’s attenfihis DA provided the rationale
for the interactive coffee table concept. The coffgble is just one example of a class of
interactive artefacts intended to push informatimpotential users. The electronic coffee
table exposes the user to much more informationpeoed to the usual stack of
magazines and newspapers present on ordinary daffess in this environment. Each of
the information items is clearly visible withoutyaoverlap (unlike the way magazines
are often stacked up). In order to optimize thalakbke screen real estate, items that have
been presented for some time are continuouslysloutly, replacedDA1 also indicates
that there should be a suitable mix of items likelype relevant to a particular user; this
requirement is satisfied by the location of the [€dh a community setting (e.g., a pub)
and by the choice of content relevant to this sgttather than any particular individual
within it (see Stathis et al., 2002).

Another Design Action that is pertinent to the desof artefacts intended to support
involuntary browsing in particular BA2, because this form of browsing is by definition
a threshold matching activity. There are three equences arising from DA2.

Firstly, DA2 requires that the amount of informatim each rectangle be kept to a
minimum; this requirement was satisfied by the raf each item, involving a simple
image and only two or three words. Either the imagthe words can be recognized in a
single glance. Secondly, DA2 requires that it besiae for an item to be recognized
within the short time a user’s gaze rests upowliich means that a rectangle should not
move significantly in about 100ms. For this reagomas important to create, as much as
possible, the impression of smooth movement ofitdras presented on the table so that
items could be easily tracked during fixation. HinaDA2 requires that an information
item be rapidly interpreted. Since an upside-dat®m may not easily be interpreted
unconsciously, a circular trajectory was chosentf@ items in order to give equal
opportunity to every person sitting around the €atd view each item in an upright
position.

DAG requires that each information item should be iandtive as possible when
compared with other items in terms of both its @lsappearance and (more importantly)

its gist. The graphic design of the items attemhpitesatisfy the first requirement, while
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the selection of items from a wide range of différéopics ensures that the latter
requirement is also satisfied

To test the result of applying DAs in this way,veall as to evaluate the performance
of the Table itself, a study was undertaken todeste of the assumptions underlying the

design of the table.

6.4 Evaluation of the coffee table.

The effectiveness of the design actions in thegiesif the Table was evaluated in a
laboratory situation. Consequently, a major clmgte was to create, in this artificial
environment, the natural context for which the Eahlas designed - the support of
information retrieval by involuntary browsing sinmmeously with the activity of
conversation. For this reason we organised ouicants into pairs and instructed each
pair to have a conversation while seated at theleTablowever, in order to create
specific unresolved queries in their memories weegaach participantprior to the
conversation tasksome general knowledge questions. The reasoth&se questions
was not revealed to the participants until after¢bnversation task.

6.4.1 Method
Eight groups of two participants (dyads) took parthis experiment. They were given a
number of tasks to perform during one sessionnigstpproximately half an hour.

PRIMING TASK: In order to plant some unresolved queries in&rtimemory, each
participant was given a “flag test” in which thegdhto identify the countries represented
by five different flags. They were told that ifeth could not do so straight away they
could think about the flags during the rest of #ession and provide any additional
answers at the end. Each correct identificationeda reward of £1 regardless of when
the answer was supplied. The reward was designadttas an incentive to maintain a
high level of importance for the unresolved quede=ated during the priming task. Each
of the participants in a dyad was given a differsaitof flags to identify.

FAMILIARISATION WITH THE TABLE: Quite separately from the priming task,
participants were shown the functionality of theblEaand were allowed to acquire
experience of its operation. During this time acspleset of information items was used
which contained no items that were shown on theetaduring the subsequent
conversation task.

CONVERSATION TASK Participants were invited to sit on oppositeesiadf the Table
and have a conversation about “global warming”opic that was anticipated to be
interesting and unlikely to cause offence. Theyeaaso told that they were allowed to
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interact with any of the items displayed on the [€alvhile maintaining a reasonably
coherent conversation.

THE EXPERIMENT. During the conversation, one flag from eachipig@nt’s priming
task was included in the continuous stream of @5 presented on the Table, a selection
from which is shown in Figure 11: for participdnbf each dyad this was item 9 and for
participant 2 it was item 11. These items contioely a picture of the flagyithout any
text In order to find the name of the country représemy the flag, and thereby find the
answer to their possibly unresolved query, pardiotp had to push the item to the centre
of the Table, at which point the country name westpnently displayed. These were
the intended IB targets.

Other items were included among those displayedhenTable, and for a specific
purpose. Items 7, 8 and 10 were also flags, buth® ones that occurred during the
priming task. These were included to see if itesinsilar to the IB targets would also
attract attention from the participants. Othemisewere somewhat related to the topic of
conversation, for example item 12 about the weatineerManchester (where the
experiment was carried out) and item 25 about dlolisasters. It was expected that
participants would interact more with items relatedhe query or the conversation than
with non-related items. Items 1, 2, 4, and 5 hadshme headline to see if participants
would notice connections between items (gist).

MEMORY TESTS It was suggested earlier that IB is particulaalysociated with a
threshold matching strategy, as supported by DA2hat is the case, one would expect
that irrelevant items will not be remembered afemde. Therefore, after the
conversation task, participants were instructedrite down a brief description of any of
the items seen on the Table that they could reme(fbee recall test’). They were also
given a two-alternative forced choice recognitiestton five of the pictures displayed
and five of the headlines to see what items hach heenembered unconsciously.
Additionally, participants were asked if they hagks the three flags similar to the 1B
targets and if they could remember the (displayeaines of those countries. It was
expected that non-target flag items might be beté&gnembered than entirely non-
relevant non-flag items.

QUESTIONNAIRE To end the session all participants were givequastionnaire in
which they were asked about their experiences ofnjgaa conversation around the
Table.
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Fig 11. Items were chosen for presentation on thaltle based on various considerations. Five items
were directly relevant to the primed query (i.e., he IB targets [9, 11], and the Non-target flags [B,
10]), two were relevant to the topic of conversatio[12, 25] and four had a common gist as indicateloly
identical headlines [1, 2, 4, 5]. All other items resented had naa priori relevance.

6.4.2 Results and discussion

EFFECT OF THE PRIMED QUERY ONTABLE INTERACTION: Nine ofthe sixteen
participants knew the name of their target flagrafhe conversation around the table but
not before. All of these participants actually maieted with the flag during the
conversation. One participant knew the flag eveforeethe conversation at the coffee
table, but interacted with the flag anyway, preshiyméo confirm their previous answer.
One additional participant indicated seeing thg Bat did not think of pushing it into the
middle, because he thought it was socially unaed#@t Therefore, for 10 out of 15
participants the table provided the information ythevere either consciously or
unconsciously looking for. Whether this informatiwas gathered by means of 1B, OB or
SB is hard to determine.

We can make a distinction between OB and IB orotieehand and SB on the other if
we look at how often participants interacted widms related either to the query (non-
target flag items) or ones related to the convansatind compare this to interactions
with entirely non-relevant items. Participantsenaicted 17 times in total with items
related to either the query (8) or the conversaf@nout of the 40 times such items

appeared on the table. They also interacted 17timih entirely non-relevant items, but
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out of the 112 times such items appeared on tHe.tRibooportionally, therefore, relevant
items had a much higher change of being interagtétd than non-relevant items
(Wilcoxon signed rank test N=8, Z=6, p(one-taile@p). It appears therefore that the
coffee table did support information acquisitiorotigh either OB or IB.

MEMORY PERFORMANCE Free recall memory of any non-target items was iggiye
poor; with only 8% of (non-flag) items being reeallon average. For non-target flag
items the average recall was significantly higl80%; Wilcoxon signed rank test N=10,
Z=5, p=.01). This is consistent with a thresholdehang strategy being employed by the
participants, and with DA2. However, participantere reasonably good at correctly
recognizing previously presented (non-flag) picsurethe recognition test. They were on
average 68% correct (35% after adjusting for gmgsaiVilcoxon signed rank test N=16,
Z=19, p<.01)"° Participants were also able to distinguish betwkeadlines that had
been shown and ones that had not. They were oagweorrect 65% of the time (30%
after adjusting for guessing; Wilcoxon signed raakt N=16, Z=24, p<.02). On the
whole, there was no significant difference betwtdenaccuracy with which pictures and
headlines were recognized (Wilcoxon signed-ranks =16 Z-=48, not significant).
ltems that participants interacted with were alwagported correctly by those
participants after the conversation. If interactaid not occur, then only 66% of (non-
flag) items were correctly reported (30% after atipng for guessing). It appears,
therefore, that many more items attracted attenfiom the participants than just the
primed target and items associated with it. Theselts indicate that categorization and
consolidation of non-flag items had taken placet their lack of relevance lead to
forgetting as predicted by DAL in the sense thay ttannot be recalled easily.

WHERE ON THE TABLE INTERACTION STARTED Both participants were observed to
pick up items (both flags and other items) mostlyew they had just appeared on the
table. For participants sitting at the beginningtef stream, this is almost exclusively the
case (80%), except for a few items picked up whems were almost half way through

their trajectory. Remarkably, this was also theedas participants sitting near the end of

° No difference was found between the number ofautions with gist items (3 out of
32) and non-relevant items (17 out of 112).
2 To conservatively adjust for the possibility ofegsing we applied the following
formula to the results of the two-alternative fatazhoice recognition task: S = R — W/(k-
1), where S is the score after correction, R isiln@ber of correct responses, W the
number of incorrect responses, and k the numbelteinative (i.e., two).
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the stream. This suggests that glances at the wabie directed mostly towards the point
where new items appeared, despite the unfavouvadhéng angle for participants sitting
at the end of the stream. Only two participantsngjtnear the end, and who interacted
with any items, picked up items exclusively froneithown side of the table. It is not
impossible that this pattern reflects the naturahdom) pattern of eye gaze associated
with IB, but it is more likely that it reflects OBehaviour. It seems likely that this bias
was, at least in part, influenced by the noveltyhef artefact.

6.4.3 Conclusions
The extent to which the DAs beneficially influendibe design of the Table can only be
implicit. Supportive evidence is provided by (g tproportion of participants for whom
interaction with the Table yielded answers to tlogiestions, and (2) the extent to which
non-flag items attracted attention without the ijpgrant being aware of it, as revealed by
the free-recall and recognition tests. We mushipout, however, the inherent difficulty

in measuring successful task outcome in implicgksalike these.

7. SUMMARY AND CONCLUSIONS

As a method of informing design decisions we haveppsed, and illustrated by
examples, the concept of Design Actions. They aréved from cognitive theory (in our
case CSTM) in the context of a behavioural modelo(ir case OB and IB). Intended to
inform interaction designers, the design actiores iatentionally presented in a format
that does not require an understanding of the lyidgrcognitive theory. We suggest
that the value of design actions is enhanced byidéetification of both the beneficial
and detrimental consequences of applying them. Ulnigally, there may be debate about
the identification of Issues. For example, the éssfiinformation overloadlarifies the
relevance of DAL, and has therefore been identifiedn Issue. However, information
overload could clearly not be identified as a Dod@sas that would imply using the DA
in situations to which it is not relevant.

To place Design Actions in context we first empkaghat their use is not intended to
replace the familiar iterative design cycle. Indeédthe spectrum of approaches to
interaction design, Design Actions may eventuatlyne to be seen as complementary to
other approaches. For example, whereas Designriatig., Borchers, [2001]; Tidwell,
[2006]; Van Welie, [2002]) offer broader granulgriteflect the subjective assessment of
existing designs, are usually qualitative in thadvice and offer scope for multiple
solutions, Design Actions, by contrast, have nargranularity, are based rigorously

upon experiment and theory and are usually quéinttén their advice (see Table II).
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Table Il. A comparison between Design Actions ams$ipn Patterns.

Patterns Design Actions
Characteristic
Based on a necessarily Based on specific
subjective assessment of experimental data or
Basis existing designs models
(“Experience based”) derived from such data
(“Theory based”)
Granularity Broad Narrow
by the PROBLEM to be by the GOAL of the
Identification experienced by the USER INTERACTION DESIGNER
Usually QUALITATIVE in Usually QUANTITATIVE
Output the form of guidance and
supported by examples specific
Scope for creativity and Intentionally, little scope if
Interpretation interpretation by the any for creativity
interaction designer

DAs are also complementary to claims which senanalar purpose, but are derived
differently (Sutcliffe, [2000]). Continuing work inlaims (see e.g., Wahid [2006]) may
well lead to developments in the formulation and oEDAs.

Proof of the validity of specific design actionsspe significant challenges for
experimentation, as has been demonstrated by fierteel evaluations of the RSVP
Browser and the Coffee Table. Leaving aside tHeevper seof these artefacts, our
experimental results do not of course offer conetugroof of the validity of the various
DAs we have identified. Rather, in addition to thbsence of any contradictory
evidence, the experiments and related models laveany respects, pointed the way in
which future developments might proceed. The irgegn of experimental data to refine
and quantify the CSTM model will no doubt contiringhe light of recent knowledge of
human visual processing ¢en & Breitmeyer, [2006]) and the definitions ofah
types of browsing may well help to clarify the natwf browsing behaviour. Similarly,
the use of a priming task to induce IB illustrages experimental method in which the
challenging task of disambiguating between SB, @8 B may be addressed. Despite
these considerable challenges we feel that theyalieworth addressing if there is the
possibility that they may lead to useful tools fieteraction designers, and we therefore
advocate use of the framework we have propose@nergte new Design Actions from
other cognitive theories within the context of aga of behavioural models.

By application of the framework advocated in thaper, the ideal situation might

arise in which there exist a range of interconrebdieeories at both cognitive and
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behavioural level (cf. Barnard et al. [2000]) giyirise to hundreds or even thousands of
Design Actions. In such a situation it will be inm@nt that a mechanism be available by
which DAs can be easily retrieved depending onrthelevance to a particular design
objective. However, this is a problem that appliesany form of design guidance,
whether in the form of guidelines, patterns, claionsDesign Actions. Two types of
solutions have been proposed to solve this problEne first is to organise design
guidance according to how similar they are. Forngxa, design patterns are often
organised into hierarchical categories making upatiern library. The main problem
with this approach is the danger of organising gnak into categories that do not capture
the context in which the guidance will be appligtie second type of solution is to link
design guidance to behavioural models. Designarsmedk through these models to find
paths that match the purpose of the intended desigd thereby find associated design
guidance (Sutcliffe & Carroll, [1999]) and resolpetential conflicts between applicable
DAs. The latter solution is particularly applicalbdethe organisation and retrieval of DAs
as their development is explicitly linked to modefsnteraction.

Future research efforts by us and others will hawveextend and validate the
framework presented here further. For example,dibgign implications of a range of
cognitive theories in the light of several behavadunodels need to be explored leading
to additional DAs. However, some may feel thatuike of cognitive theory as a starting
point for deriving design actions risks the obs@orathat most cognitive theories are
still being revised and that very few have reachedurity. However, we do not agree
with the conclusion that “ . . . we have little ppct of developing final answers to
guestions about the nature of human activityat.the level of detail that would provide
specific guidance to designers” (Carroll, [1995)ye are of the opinion that having

something reasonably well understood to go by ftebéhan having nothing.
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APPENDIX

ID

DAl

Title

Maximisation of information exposure

Description

Expose users to as many representations of infmatems as
possible commensurate with maximising the likelithoof those
representations being correctly interpreted in teathe information
being represented.

Effect

The more of these items being presented to the thsegreater thg
likelihood will be that one is perceived that isedevant to a user’
interests.

D

Upside

(1) Queries need not be explicitly formulated, s televant items
will be recognized as such when encountered.
(2) Irrelevant items will be forgotten with no castcognitive effort

D

Downside

Any display area is finite, giving rise to a traofé-between the
number and size of items being presented simultsigoand their
presentation duration.

Issues

Comment is often made concerning the effects obrmétion
overload. This is not so relevant here, becausadddional cognitive
effort is involved in perceiving, interpreting arttien forgetting

information that is irrelevant. However, any antitriggered does$

require focused attention. It is therefore impottthat this DA be
applied to situations in which the likelihood ofcemintering a relevan
item is relatively small. If multiple items of imest are likely to be
encountered, then it is important that either
a) the items can be easily prioritised, or

b) the items can be dealt with sequentially.

D

—

Theory

Current theory suggests that irrelevant informattorapidly forgotten
at no additional cost.

ID

DA2

Title

Presentation for immediate action

Description

Presenting selectable information as images thatbeainspected fo
at least 100msallows a large number of items to be presentetimvi
an acceptably short time, provided tlast immediate responsecan
be initiated as soon as a relevant item is encoeghte

Effect

This action gives reasonable certainty that thenimggof each fixated
item can be established and that items that matetesance threshol
can trigger an immediate action supportive of &8Beihg approach tg
browsing.

Upside

Many information items can be presented in a nethtishort period

of time either sequentially or concurrently (seel)A
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Downside

The lower limit of 100ms will, for a given applidan, establish an
upper limit to the number of images that can beg@néed concurrentl
with the expectation that, during the normal — aftén random ang
involuntary - eye gaze activity, a relevant ond b identified.

Issues

(1) undirected/random eye-gaze activity is such tmy a very short
(e.g., 50 to 300ms) fixation on an information itenay take place|
further supporting the need for pictures of famibéjects and scene
Conscious attention should not be necessary togrém® words ang
images within the information items.
(2) The actions that are triggered in response to ritexpretation of
items need to be simple so that they can be exaéevithout delay and
consideration.
(3) Given the limits to people’s reaction time, aahanism needs tp
be provided that allows retreat after overshootirggtarget.

)

Theory

The ability to automatically and rapidly match arformation need
with a viewed image

ID

DA3

Title

Presentation for exhaustive attention and seledtamn a group

Description

Where agroup of potentially selectable information sources, heac
represented by an image (with or without brief eist presented
ensure that each item can be fixated &irleast 500ms if an
optimising approach to selection is intended. Auste?0 choices at p
time can be presented in this way either sequéntialconcurrently.

Effect

This action ensures that each in a sequence ofniafiion items car
be assessed individually and an appropriate argbnably confiden
selection made of one of them once all the optibase been
presented.

Upside

The probability of selecting the most relevant mfiation item; i.e.,
the likelihood of efficiently evaluating each option relation to a
(unconscious) goal and selecting the best match.

Downside

Items may be forgotten if the decision processgdke long.

Issues

(1) Because there is a risk that information iteares forgotten before
a decision about their relevance can be made flieiefore important
that user be able to repeat the presentation witlnadue effort.
(2) Some minimal form of representation of all thems have tq
remain visible on the display in order to allow nss® select relevan
items after presentation.

—

Theory

The buffering of information items in memory allowgi a decision td
be made after a considerable number of items has peesented,
together with the need to avoid interference betwevo
consecutively presented relevant items.

ID

DA4

Title

Presentation for consideration and selection fraultipie items

Description

Where agroup of potentially selectable information sources, heac
represented by an image (with or without brief téstpresented in a
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sequence in a ‘preview-consider-select’ strategguee that each item
can be fixated fobetween 1.5 and 2 secondét least16 choices at 3
time can be presented either sequentially or coantly in this way.

Effect

This action ensures that each in a sequence afniafiion items car
be assessed individually and in relation to othems, and an
appropriate and a confident selection of one oreritems can be
made.

Upside

Selection need not be restricted to a single item.

Downside

Assessment of a large number of items requiresiaiderable amount
of time for the presentation of all information.

Issues

(1) When a sequential presentation of items is usethe minimal
form of representation of all the items has to riemasible on the
display in order to allow the user to select refgvitems after
presentation.

(2) Users are able to select relevant items fatebetnd more easil
when pictures are being presented compared to tetxéis used.

Theory

The ability to recall previously presented imagesd( to a lesse
extent text).

=

ID

DA5

Title

Presentation to enhance the interpretation of isieod narratives and
themes.

Description

The selection and sequential presentatiompato 10 per secondof
an ordered group of key images representativenafriative or theme

Effect

The awareness of the gist of the narrative andhetitm of the theme.

Upside

Provided key frames are appropriately chosen, attgpn of the gist
of a narrative can be obtained in a very smalltioacof the time it
would take to view the entire narrative. Similarthe theme of a
collection of images can be discovered in a fractid the time it
would take to view all the images in the collecti{provided the
collection contains a certain minimum number ofnis}.

Downside

The need to make a selection of key frames to &ffdyg represent the
narrative.

Issues

Algorithms for the automatic extraction of represdive images exist,
but these are not always appropriate. In many t&its appropriate
selection depends on the possession of an adekpatdedge of the
domain of the theme. Alternatively, selections benmade manuall
by someone with the right amount of domain knowéedg

Theory

The integration of information over time into meagful narratives.

ID

DA6

Title

Presentation to enhance the detection of changes

Description

Ensure that unrelated information items each hawésaal impact,
particularly in the sense that it involves a newt.giThis usually,
translates into a requirement to treat each itenaisequence or
collection as independent so that no comparisoh @iprevious iten
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is necessary in the interpretation of the signif@a of the current
item.

Effect

j

This design action is particularly important whéenis are displaye
or fixated intermittently. Intermittent displays wnainclude the
presentation of an irrelevant image in between esawhich prevents
any change from being perceived directly. When sisare not
constantly looking at a display, any change ocogrduring the time
the eye gaze is diverted elsewhere may not be ipetteAs long as
the gist of each newly fixated item is significantlifferent from the
previously fixated item, it is ensured that the neligplay is
interpreted and evaluated even if the change iiseldt detected.

Upside

The chance that a relevant image is correctly pméged is increased.

Downside

This design action limits, to some extent, the kiid¢dhanges that can
be designed. For example, subtle changes to theasgpce of an icon
reflecting a change of system state will often gmaticed with the
consequence that the user might be unaware of dheat system
state.

Issues

o

Whether a visual change is sufficiently obviousifdo be detected i
essentially unpredictable and depends very mucthemature of the
visual media in the collection. The designer wilvh to experiment
with the media to establish the visual impact ohange.

Theory

The forgetting of detailed visual representatiohsaenes after ver
short delays, combined with the much longer retentf conceptua
representations of scenes.
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