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 ABSTRACT

In this paper Green's (1989) notion of "cognitive 
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representations. There are two reasons for this: First, almost all intellectual human activity involves the use

of external media. In idea sketching, the domain with which my current work is concerned (Wood, 1992a,

1992b), and in more or less any creative design activity, authors, designers and artists use sketches of their

ideas, and it is clear that the sketches produced are not an accidental byproduct of thought that performs no

useful function in the activity. Second, as argued above, it is over external media and representations that the

system designer has most direct influence.

Over the last decade approaches which emphasise the importance of context have been gaining currency in

Cognitive Science. Situated action approaches, like Suchman's (1987) "situated action", and Lave's (1988)

"cognition in practice" consider that action arises more through a subtle moment by moment dialectical

interaction between person and situation than the models of cognitive science and psychology which place

the locus of unilateral control firmly on the person. The approach which I am developing to explore how

creative cognitive tasks get done by people working together with one another and with their attendant

artifacts draws heavily on Hutchins' (1991) "distributed cognition" and on the concepts of "mediation" and

"activity" from the Russian psychology and activity theory of Vygotsky (1978) and Leont'ev. Distributed

cognition essentially holds that one can consider collaborating people together with the artifacts that play a

role in their activity as a single "complex cognitive system". Like Russian "activity theory", distributed

cognition therefore focusses on any persons and artifacts that play a part in a cognitive activity. Particularly,

distributed cognition focusses on the observeable external representations and communications which

comprise the "mental state" of the complex system. The vygotskiian notion of "mediation" holds that human's

relationship with the world, with one another, and with themselves is altered through the use of "mediating

artifacts" (products of culture, or "tools" in the widest sense). Things as simple as hammers, as complex as

slide-rules, computers and encyclopaedias, and even shared cultural schemas and language itself, 
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access (relevance), that graphical notations should be restricted in their vocabulary (restriction), that

particularly important information might be encoded symbolically and also redundantly encoded perceptually

(redundant recoding), that a representation should ideally make the underlying structure of its data or process

evident (revelation) and that the representation should also be easily revisable (revisability). Essentially, the

first four principles here conspire to make computer programs as discriminable as possible, but this in turn

means that a program has to have more changes made to it if it is revised to become a different program.

Green (1989) proposed cognitive dimensions (which were in part a development of the principles described

above) as a vocabulary, or a set of concepts, which could be used to characterise how suitable different

computer programming languages were for the creative task of designing a program. Cognitive dimensions
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2.2. Design rationale

Shum's (1991a, 1991b) cognitive dimensional analysis of design rationale notations is relevant to the study

reported here as, though it is not a study of sketches, it essentially argues that design rationale should be more

"sketchlike". Design rationale notations are used to represent the reasoning behind the design of a system,

either during a design meeting or after the meeting as a summary of decisions made. They are basically

graphical node-link notations where typed nodes may contain (for example) "questions", "options",

"alternatives" or "criteria", and typed links may mean "questions", "supports", "objects to", etc. Shum

describes such notations as "semi-formal" because though links and nodes are typed and are built into

structures according to formal rules, the content of nodes is free text (though Shum does not suggest that

formality should itself be a dimension). Shum applies four cognitive dimensions to 
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powerful as they may allow the individual to do heavy thinking by "manipulating symbols instead of the

more unwieldy concepts that they represent" (Englebart, 1963: 47), especially when this manipulation can be

externalised with graphic 
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categories (either circling two, none, or writing another word such as "administration"). The first five

questions of the questionnaire were essentially "demographic" questions. The responses to seven point Likert

scales are recoded here such that those showing a tendency towards statement A (in all cases the most

frequently chosen) are classed "A", and all others (including those showing no tendency) are classed "B". The

percentages given (rightmost two columns) exclude those who did not answer the question. (The construct

"preference" is explained later in this report.)

Sample A (1-3) missing B (4-7) %A %B

1 A: I have easy access to a computer terminal with

text editing facilities

B: It is inconvenient for me to get access to a

computer

ALL 121 1 6
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Sample A No Pref. B %A %B

6 A: Except where I am reworking existing text, in the

early stages of planning a long and complex text I

prefer to use pen/pencil

B: Even when not reworking existing text I prefer to

use a word processor in the earliest stages of

planning a long and complex text

ALL 51 19 58 47 53

7 A: I find it easier to think with conventional media

B: I find it easier to think when using a computer
ALL 47 36 42 53 47

8 A: Even in situations where I have a computer to

hand I sometimes choose to use conventional

media

B: Wherever possible, I always use a computer in

preference to conventional media

ALL 66 17 44 60 40
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(e.g. semantic potential is one aspect of formalness), an immediate effect of a particular dimension (e.g.

overview is a result of terseness), a factor which affects a dimension (e.g. "finished character" causes

premature commitment) or the effect of one dimension on another (e.g. "faciltation through terseness" is the

effect of terseness on accessibility). In this section, the important findings of the interviews and questionnaire

survey are organised under Green's dimensions of delayed gratification, terseness, perceptual cues,

accessibility, premature commitment, and viscosity. An additional dimension of formalness (alternatively

"completeness") is also proposed.

4.1. Delayed (and demanding) gratification

Delayed gratification, though its name emphasises the temporal aspect, is intended to cover the general

amount of effort involved in creating a representation, rather than simply the time taken to perform an

operation (e.g. Green et al unpublished manuscript). Participants generally felt that computer word

processors and drawing tools required too much effort to achieve the required result:

W: Why didn't I do it on a computer? I was actually sitting by my workstation so there must have been a good reason. I

think in the early stages... I find it quicker and easier to scribble things down when it's very tentative rather than faffing

around erasing things on the computer...

M: Its to do with how much the media absorbs from me while I'm using it. How much brain power absorbs or is needed

while I'm using it.

Sample A No Pref. B %A %B

9 A: When brainstorming ideas, I can get ideas down

more quickly with conventional media
ALL 88 15 24 79 21

B: When brainstorming ideas, I can get ideas down

more quickly using a computer
CMP 57 2 2 96 3

Spearman correllation with "preference" N = 123 ρ =  0.704
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in that one can choose font, size, place, etc, without wasting cognitive resources on interacting with the

interface.

J: Some things are in capitals and circled and they've got this brace here. And they were easy to do - you didn't have to

think about it.

Sample A No Pref. B %A %B

10 A: When trying to think I do not want to be

concerned with the practicalities of using a

computer

ALL 43 18 62 41 59

B: When thinking on the computer, I do not find

using menus and toolbars, etc, intrudes on my

thoughts

CMP 24 13 21 53 47

Spearman correllation with "preference" N = 119 ρ =  0.35 p < 0.0005

Though the majority of questionnaire respondents did not find the computer interface "opaque" to an extent

which interfered significantly with their thought, repondents' preference for conventional media showed a

very strong, highly significant correllation with unwillingness to be concerned with the practicalities of

computer use, suggesting that opaqueness is one reason that some find the computer unsuitable for idea
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Sample A No Pref. B %A %B

16 A: It is easier to organise and structure ideas when

they are represented as terse notes or idea

sketches

ALL 101 14 10 91 9

B: It is easier to organise and structure ideas when

they are represented as grammatical prose
CMP 52 4 3 95 5

Spearman correllation with "preference" N = 121 ρ =  0.316 p < 0.0005

17 A: When the structure of a text is clear from the

beginning I am less likely to use terse planning

notes

ALL 66
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information to improve readability (e.g. the layout of topologically identical circuit diagrams, above). In

informal idea sketches, however, typographical and graphical cues 
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representations were not useful. However, those with a tendency to prefer conventional media showed a

corresponding very strong highly significant tendency to favour diagrams and graphical representations. This

strongly suggests that the need to include graphical cues in their representations is one reason that some find

computers inappropriate for idea sketching.

Sample A No Pref. B %A %B

20 A: I sometimes cluster related idea labels spatially

on a page
ALL 80 22 22 78 22

B: It is not significantly helpful to arrange related

notes spatially on a page
CMP 42 11 6 88 12

Spearman correllation with "preference" N = 121 ρ =  0.194 p < 0.05

21 A: When planning a text it is sometimes useful to

draw diagrams of ideas (like informal "mind maps"

or "spider diagrams")

ALL 62 19 47 57 43

B: When planning a text it is not useful to draw

diagrams of ideas (like informal "mind maps" or

"spider diagrams")

CMP 35 13 14 71 29

Spearman correllation with "preference" N = 124 ρ =  0.312 p < 0.0005

21
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4.4.1. Location through perceptual cues

Under the heading "perceptual cues" this report has shown that many idea sketchers use graphical and

typographical cues and find them useful. Evidence from this study 



- 17



- 18 -

J: It was only as rich as it needed to be for what we were doing... It might actually close off various options of you made

it more complete very early on

Sample A No Pref. B %A %B

30 A: Sometimes it is a good thing to jot down ill-

formed ambiguous notes rather than become

committed to particular options too early on

ALL 89 15 22 80 20

B: Notes should be as complete and specific as

possible, even in the earliest stages of planning
CMP 41 8 11 79 21

Most questionnaire respondents felt that it was useful to jot down ambiguous notes, though a sizeable

minority felt that notes should always be as complete as possible. Two subdimensional factors, "downsliding"

and "finished character", were identifiable as significant within premature commitment in the domain of idea

sketching.

4.5.1. Downsliding

"Downsliding" occurs when people who are trying to operate at a more global, exploratory level are forced,

or encouraged, to concern themselves with more local and formal issues. Several participants commented

that when using the computer they too easily became drawn into fine grained production and editing of

grammatical sentences and could not "see the wood for the trees". On the other hand, conventional media,

perhaps partly because they allow better overview and accessibility, were more suited to exploring nascent

options.
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Only a minority 
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this effect is purely incidental and how much it may have some useful function in the activity. Comments

from participants, and responses to the questionnaire, suggested that where ideas were reordered with arrows

the representation became too messy and confused. On the other hand, where a representation exhibits its

evolution there is clearly more context to assist encoding and recall.

D: I would always write things down because otherwise you work through your ideas... and if you haven't written them

down you come to the end and you've forgotten things at the beginning. So basically it's just like a memory, I suppose.

You can remember what you've thought and in what order you thought it.

J: A blackboard would be better in that the thing can be manipulated whereas here we wanted to show things but other

things couldn't be moved out of the way, they had to be sliced in there and that made it quite confused, or made it

confused to me.

Sample A No Pref. B %A %B
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suggested that computers may force the user to formalise too much, such that the user rejects the system for

intellectual work (e.g. Shipman and Marshall, 1993), but there was not evidence of a difference between

people preferring conventional media more, and people preferring computer, on this question.

O: We used a lot of these arrows that are a lot like implication arrows. We seem to sort of understand what we mean by

those. I use that lots when I do this sort of thing and it can mean all sorts of things. It's kind of "led to", "developed into",

"related to", sorts of things.

Sample A No Pref. B %A %B

36 A: Ambiguous notes are useful as you can jot down

an idea without yet being quite sure what it is
ALL 98 16 13 88 12

B: I do not write down an idea until it is concrete

enough to be written down unambiguously
CMP 49 9 4 92 8
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Sample A No Pref. B %A %B

38 A: Some notes which I produce when planning a

text would be unintelligible to someone else
ALL 104 8 16 87 13
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Delayed
Gratification

How much effort and delay is involved in creating a representation. It is sometimes important to

get ideas down quickly and conventional media is often better for this.

transparency Can the user be unconscious of the system and concentrate on the task? It is important that

the interface does not demand cognitive resources. Computers are more opaque than paper!

richness Does the representation include many graphical marks, redundant encodings, etc, because it is

quick and easy to make it so? Richness facilitates perceptual cueing.

Terseness Are there few symbols per idea? Terseness allows overview, structurability, lower delayed

gratification and in turn higher richness. Conventional media seem to favour terseness.

overview Can the user perceive much of the representational structure at once? Overview favours

accessibility and structurability. Conventional media afford better overview.

structurability Is the user's ability to reorganise the structure facilitated by and increase in accessibility and

lowering of viscosity which results from terseness?

visible area Is there a large display area for the representation? A large visible area, combined with

terseness, supports overview and structurability.

Perceptual cues

(typographical)

Can the user produce many typographical marks easily? Typographical cues are facilitated by

low delayed gratification and help accessibility by providing an access structure.

Perceptual cues

(graphical)

Can the user easily produce graphical marks like clustering, linkng, etc? Graphical cues may

not be produced on computer due to low richness.

Accessibility Can the user access information with ease? Where idea labels are continuously perceived they

help maintain elements in working memory and assist long term memory retrieval.

location through

perceptual cues

Do perceptual cues help the user direct attention to the relevant parts of the representational

structure? Computers do not generally allow such rich perceptual access structures.

facilitation through

terseness

Does terseness assist the user in directing attention to the required parts of the

representational structure? Conventional media seem to allow this more.

meaning through

perceptual cues

Can perceptual cues be used to carry meaning, or provide context which facilitates the recall of

meaning? Conventional media may facilitate recall with perceptual cues more than computer.

Premature
commitment

Is the user forced to make choices too early in the task, or can she explore different options

fully with the representation? Many idea sketchers use ambiguous notes.

downsliding Is the user drawn into fine grained production of grammatical sentences, when they are trying

to operate at a more global, exploratory level? Downsliding leads to premature commitment.

finished character Does the typographical character of a representation fairly reflect its provisionality, or does its

finished looking character mislead the user? Computer text can lead to downsliding.

Viscosity Does the representation offer high resistance to editing? Computer "cut and paste" should

reduce viscosity, but it is not a great problem for conventional media.

exhibits evolution Does the representation display its history, as well as its current state? History is likely to be

diaplayed if deletion is difficult, and may provide context which assists encoding and recall.

temporariness Is there much investment in the representation, or is it intended to be thrown away shortly after

production? Temporariness overcomes viscosity, and discourages premature commitment.

Formalness Does the representation unambiguously carry meaning for someone with the right background

and language, or does it rely heavily on context for interpretation? Idea sketches are informal.

faithful conveying Can the representation be used for asynchronous communication with others or the self?

Informal idea sketches are often unintelligible outside the context of their production.

semantic potential Can the representation mean different things? Semantically potent representations are quicker

to produce, terser, avoid premature commitment, and lower viscosity.

Chart 1: Summary of cognitive dimensions and subdimensions of idea sketches

It is also possible to see how these properties relate to one another. High terseness is necessary to allow a

good overview and low delayed gratification. High overview and visible area together allow the space for

spatial perceptual cueing. They also combine to allow high structurability. Overview, visible area and

structurability all combine to lower viscosity and heighten accessibility. Together with high terseness, high

transparency acts to reduce delayed gratification, which in turn allows higher richness. Higher richness

facilitates perceptual cueing which in turn allows high accessibility. The semantic potential allowed by

informality acts to increase delayed gratification and low viscosity. Finally, semantic potential, low delayed

gratification, low viscosity, temporariness and high accessibility all act to discourage premature commitment

and downsliding.
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Diagram 1: Relationships and dependencies of cognitive dimensions of sketches

Together, these interelated dimensions form a model of the desirable aspects of systems for idea sketching.

With such a model it is possible to analyse different media to ascertain their suitability for idea sketching.

Sharples and Pemberton (1988) have attempted to characterise the properties of paper, word processor, file

cards, post-it notes, whiteboard, back-of-hand, and dictaphone in terms of eight rather arbitrarily chosen

properties such as "full text readable", "portable" etc. In chart 2, Sharples and Pemberton's seven media are

characterised in terms of the cognitive dimensional analysis developed here, which has a very considerable

empirical basis. It is also possible to characterise writing processes (such as those of the Hayes and Flower,

1980, model) in terms of the cognitive dimensions which they require. In the terms of Hayes and Flower,

idea sketching is a form of "planning", which consists of the processes "generating", "organising" and "goal-

setting". When both processes and media are characterised in cognitive dimensional terms it is possible to see

how suitable different media might be for supporting different processes. In order to show how this approach

might be applied to the whole of the writing process I have also characterised Hayes and Flower's other

processes ("translating", "reading" and "editing") but it should be noted that (1) the cognitive dimensional

framework developed here is really specific to idea sketching and other cognitive dimensions may be

important in other phases of the writing process, (2) there is no empirical basis for the characterisation of

translating, reading and editing given here. Many of the entries in the chart 2 are therefore merely informed

guesses which I have made in order to roughly show how different writing media and processes might be

characterised. (In the chart, "+" is used to mean "the medium/process has or requires a property", "-" to mean

"does not have or require a property", and "=" to mean "does not matter". Boldness is used to emphasise a
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reconstrued within the terms of the analysis developed above. Much of this research does not focus on the

issues with which I am concerned (indeed some researchers make only passing mention of some issues) but it

is enough that the issues I have identified here are of concern in other areas of design. Petre and Green (1993)

argue that it is important to establish that cognitive dimensional generalisations which take into account the

toolset or environment as well as the notation, can be contextualised and interpreted in different domains, and

suggest that a body of "case law" showing how generalisations apply in specific cases, would fulfil this

function. This section demonstrates that the findings from this study are robust across very different sorts of

sketching and that the analysis above is the basis of a general framework for the required properties of

sketches. (Findings of this literature survey are summarised in chart 3).

5.1. Studies of idea-sketching in writing

Haas (1990) reports findings from an experimental study of author's idea sketching using both computers and

conventional media. Chandler (1992) reports a very comprehensive literature survey of established writer's

own writings about their own experiences of writing. Chandler (1992b, 1993) followed up the issues arising

in this literature survey with a questionnaire survey of academic writers. Both these researchers find, like the

study reported above, that writers choose to use pen and paper rather than a word processor for idea

generating and planning, especially where the tasks are more long and/or difficult. Both also suggest that part

of the reason for this is the low effort and speed of gratification afforded by conventional media. Haas

recognises that the terseness of "tags" (idea labels) for whole chunks of content is significant, and both

researchers find, through very different means, some evidence that an overview of one's ideas is useful in

organising and structuring those ideas, and that the size of the visible area of the workspace is therefore an

important factor in useability. Though Haas compares computer notes with notes made with conventional

media, and finds conventional media replete with graphical and typographical markings, she fails to focus on

the possible functionality of such marks. Haas and Chandler both find that writers may be drawn into being

very concerned with fine level details of writing when they intend to plan more. Several of Chandler's

writer's emphasise the character of handwriting, and the use of a fountain pen or pencil, as having some

effect on the way they think. Chandler also finds that viscosity and the way that conventional media can

show their own evolution (through messy scratchings out, etc) 
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of activity and the tools involved therein. However, as artists themselves, Fish and Scrivener touch at an

abstract level on several issues which arose in this research. They show that artists' sketches are incomplete

and ambiguous and point out that Leonardo Da Vinci believed that untidy indeterminacies in the sketch allow

the artist to imagine different options. Artists who produce work with CAD systems tend not to use such

technology in the early stages of design and Fish and Scrivener suggest that this is mainly due to the high

effort 
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efficiencies allowed the participant a speed of thought and communication both with an interlocutor and with

the self.

It is clear that conventional media may often complement the individual mind better than authoring support

systems or CAD systems in the early conceptual stages of writing or designing. Such systems may generally

not support conceptual design well: They exhibit delayed gratification, and generally require cognitive effort

to be devoted to dealing with the interface which distracts from the creative task. Representations are

generally more homogeneous and provide fewer perceptual cues and lower accessibility. Accessibility is also

diminished by the 
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