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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, 
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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
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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 
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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 
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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
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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
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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



- 31 -

Burtis, P. J., M. Scardamalia, C. Bereiter, and J. Tetroe, 1983. "The development of planning in writing" in B. Kroll and G. Wells (Eds.)

Explorations in the development of writing, 153-174. Wiley: London. Cited in Haas "Composing in technological contexts" in Written

communication.

Buxton, B., 1991. "Telepresence: integrating shared task and personal spaces" in Proceedings of Groupware '91, October, 1991,

Amsterdam.

Buzan, T., 1982. Use your head,  B.B.C..

Carter, K. 1993. "Computer-aided design: back to the drawing board". Paper presented at the "Symposium on Creativity and Cognition:

Cognitive Science, Art Practice and Design" (13-15 April, 1993, Loughborough, UK)

Chandler, D., 1992a. "The phenomenology of writing by hand" in Intelligent tutoring media, Vol 3, No 2/3, 65-74.

Chandler, D., unpublished manuscript. The use of writing tools: Summary of selected findings from a survey of academic writers.

Chandler, D., 1993. "Writing strategies and writer's tools" to appear in English Today,



- 32 -

Malone, T. W., 1983. "How do people organise their desks? Implications for the design of office information systems" in ACM



- 33 -

Winograd, T and F. Flores, 1986. Understanding computers and cognition: a new foundation for design, Ablex: Norwood, New Jersey.

Wood, C. C. 1992a. "A study of the graphical mediating representations used by collaborating authors" in Intelligent tutoring media, Vol.

3, No. 2/3, May/August special issue on computer supported composition. 75-83. (Available as cognitive science research paper 230,

University of Sussex, School of Cognitive and Computing Sciences, Falmer, Brighton, BN1 9QH.)

Wood, C. C. 1992b. "A cultural-cognitive approach to collaborative writing" in Human-computer interaction: tasks and organisation.

Proceedings of the sixth european conference on cognitive ergonomics, G. C. van der Veer, M. J. Tauber, S. Bagnara and M.

Antalovits (Eds.), 87-101, CUD, Roma, Italy. (Available as cognitive science research paper CSRP 242, University of Sussex, School

of Cognitive and Computing Sciences, Falmer, Brighton, BN1 9QH.)



A COGNITIVE DIMENSIONAL ANALYSIS

OF IDEA SKETCHES

CSRP 275

Charles C. Wood.

March, 1993

Cognitive Science Research Paper

Serial No. CSRP 275

The University of Sussex,

School of Cognitive and Computing Sciences,

Falmer, Brighton,

BN1 9QH

This paper developed from a much shorter paper which was presented at the "Symposium on Creativity and

Cognition: Cognitive Science, Art Practice and Design" (13-15 April, 1993, Loughborough, UK) under

the title "The Cognitive Dimensions of Sketching Notations and Media in Creative Design Activity", and

appears in the proceedings of that symposium.

A very short paper including some of the ideas expressed here was presented as "The cognitive dimensions of

mediating representations" at INTERCHI'93 (24-29 April, 1993, Amsterdam, The Netherlands) and

appears in the Adjunct Proceedings, INTERCHI '93 Conference on Human Factors in Computing

Systems.


