2005, Aug, 30 / Wu, Ray-Chi
Soft constraints in interactive behavior: the case of ignoring
perfect knowledge in-the-world for imperfect knowledge
in-the-head.

Wayne D. Gray & Wai-Tat Fu. (2004). Soft constraints in interactive behavior: the case of
ignoring perfect knowledge in-the-world for imperfect knowledge in-the-head. Cognitive
Science, 28(3), 359-382.

Introduction

[
> Larkin & Simon, 1987; Norman, 1989.
» Knowledge in-the-world External
» Knowledge in-the-head Internal
u Knowledge in-the-world
[
Knowledge in-the-world Knowledge in-the-head

1988 P.129




embodied cognition

>
Frohlich, 1997; Hutchins,
Hollan, & Norman, 1985; Shneiderman, 1982
> perceptual-motor effort
retrieval effort
Ballard, Hayhoe, & Pelz, 1995; Ballard Hayhoe, Pook, &
Rao, 1997; Wilson, 2002
> Internal Knowledge in-the-world
External knowledge in-the-head
»  Soft constraint routine interactive
behavior
give equal weight to
>
perfect knowledge in-the-world imperfect
knowledge in-the-head
> Hard constraints
<>
< ATM
microstrategies ATM
Gray & Boeham-Davis, 2000; Kieras & Mayer, 2000
> Soft constraints
<>
<>
<>
Gary, 2000
Rational analysis
> Anderson, 1990; Simon, 1956
>
>
>
non-deliberate Anderson &
Lebiere, 1998
>



1)

2)

3)

4)

5)

6)

We off-load cognitive work onto the environment
» Wilson 2002 embodied cognition
Cognition is situated.
Cognitive activity take place in the context of a real-world environment, and
inherently involves perception and action.
Cognition is time-pressured.
We are “mind on the hoof” (Clark, 1997), and cognition must be understood in
terms of how it functions under the pressures of real-time interaction with the
environment.
We off-load cognitive work onto the environment.
Because of limits on our information-processing abilities (e.g. limits on attention
and working memory), we exploit the environment to reduce the cognitive
workload. We make the environment hold or even manipulate information for us,
and we harvest that information only on a need-to-know basis.
The environment is part of the cognitive system.
The information flow between mind and world is so dense and continuous that,
for scientists studying the nature of cognitive activity, the mind alone is not a
meaningful unit of analysis.
Cognition is for action.
The function of the mind is to guide action, and cognitive mechanisms such as
perception and memory must be understood in terms of their ultimate
contribution to situation-appropriate behavior.
Off-line cognition is body-based.
Even when decoupled from the environment, the activity of the mind is grounded
in mechanisms that evolved for interaction with the environment - that is,
mechanisms of sensory processing and motor control.
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< Free-Access

® ACT-R5.0 CPM-GOMS Gray, John & Atwood,1993
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Table 1
Estimates (in ms) of perceptual-moter and memory refrieval effort by condition
Condition Perceptual-motor access Memory retnieval
Free-Access 007 500-1,000° (weak)
Gray-Box 1.000-1,500¢ 500-1,000° (weak)
Memory-Test 1.000-1,500¢ 1003004 {strong)

* Estimate based on an ACT-P. 5.0 model {see Note 1) and CPM-GOMS models from Gray et al. (1993).

b Estimate from Anderson and Lebiers {1008}

¢ Estimate based on the models developed by Gray and Boehm-Davis (20000, an ACT-E. 5.0 model (zee Note 1)
and the CPM-GOMS model presented as Fig. 2.

4 Estimates based on models developed by Altmenn and Gray (2002) and Byme and Anderson (2001).
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Fig 1. The task-to-device mle hierarchy for programming the particular VCR used in experiment 1 and 2. This
task-to-device mle hierarchy is largely determined by soft constraints. (Subgoals are represented by boxed nodes.
Leaf nodes are unboxed and may represent multiple keystrokes. The dashed line leading from DO-startMode
and DO-endMode indicate that subgoals SET-startMode and SET-endMode must be performed before the others.
Contrariwise, the dashed line from VIDEOTAPE to RECORD indicates that RECORD must be performed last.
With those three exceptions, the subgoals of a goal may be performed in any order )
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Fig. 3. Screen shot of VCE. and Show Information Window for the Free-Access condition Notice that the fields
of the Show Information Window are open at all times. For the Gray-Box and Memory-Test conditions, the fields
would be covered bry gray boxes duning the tnal
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Fig 4. Trnals-to-cnterion for experiment 1. Subjects were required to program each show to the criterion of two
successive correct trials. Hence. for shows 3 and 4 the Memory-Test group 15 close to the mimnmum number of trials
possible.
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Fig. 5. Mean goal suspenstons per subject across the three conditions. statistical significance bars (SSBs) show the
pairwise statistical significance between means.
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Fig 6. (A) For the Gray-Box condition from expeniment 1. the graph shows the mean accesses per subject per
trial, SSBs. based on 24 subjects, show the pairwise statistical significance between means. (B) For the Free-Access
condition from experiment 2. the graph shows the mean accesses per subject per trial. 55Bs. based on eight subjects,
show the pairwise statistical significance between means.
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