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Laws that Govern Cognitive Work

Research on cognitive work in context has abstracted
a set of common patterns about cognitive work and
about the relationship of people and computers.  I
offer four families of Laws that Govern Cognitive
Work as a synthesis of these findings to use to guide
future development of human-computer cooperation
(http://csel.eng.ohio-state.edu/laws).  These Laws are
one prong of a general strategy to avoid repeats of
past “automation surprises”.

These laws are built on a foundation of agent-envi-
ronment mutuality.  Agents’ activities are understand-
able only in relationship to the properties of the envi-
ronment within which they function and an environ-
ment is understood in terms of what it demands and
affords to potential actors in that world. Each is
mutually adapted to the other. 

The Laws fall into four families plus Norbert’s
Contrast.

Laws of Adaptation build on original insights of
cybernetics and control. The driving force here is how
cognitive systems adapt to the potential for surprise
in the worlds of work, i.e., the foundational slogan
for Cognitive Systems engineering from Jens
Rasmussen – adaptations to cope with complexity
and surprise.  

Laws of Models are concerned with how we under-
stand and represent the processes we control and the
agents we interact with. The driving force here is the
mystery of how expertise is tuned to the future,
while, paradoxically, the data available is about the
past. 

Laws of Collaboration address how cognitive work is
distributed over multiple agents and artifacts. The
driving force here is the fact that cognitive work
always occurs in the context of multiple parties and
interests as moments of private cognition punctuate
flows of interaction and coordination.  The idea that
cognition is fundamentally social and interactive, not
private, radically shifts the basis for analyzing and
designing cognitive work and reconsidering the rela-
tionship between people and computers. 

Quite surprisingly, Laws of Responsibility are the
fourth family, driving home the point that in cogni-
tion at work, whatever the artifacts and however
autonomous that are under some conditions, people
create, operate, and modify these artifacts in human
systems for human purposes.

Fifth, based on these Laws, Norbert's Contrast goes
behind our fascination with the power of the com-
puter to remind us of the limits of literal minded
agents and the unique capabilities of human cogni-
tion to handle the tradeoffs and dilemmas of a
changing, finite resource, uncertain world.

Each of these families of Laws  and Norbert's
Contrast is quite surprising even shocking given con-
ventional beliefs about cognition, organizations, and
computers.  The Laws allows us to see past these
conventional beliefs to re-consider relationships
across people, computers, the goals of various stake-
holders and the complexities and variations in the
worlds of human activity as we envision and create
the future operations. 

Characteristics of Envisioned
Worlds:
Woods, Dekker 2001

Plurality: multiple views, but each parochial

Underspecification: views are open to

innovate, but disconnected from real pressures of 
practice

Groundedness: views ungrounded from

research base on actual consequencesof the changes 
on people, technology and work

Calibration: overconfident the predicted conse-

quences, and only the predicted consequences, 
will occur
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on the wrong track
animock storyboard:

camera following the actor in scene

perspective view of the real world condition as the actor would
actually perceive it, being in the scene. this includes foreshortening
and obscuring according to point of view
live representation

EYE WITNESS, reacting

in-situ model

“this looks too difficult.”

drone camera: local overview

partial axonometric excerpt of the
environment, as the actor can imag-
ine it, based on what just happenend
and what might happen next. no
foreshortening, but obscured areas.
plan/replan representation

REPORTER, interpreting

decision model

“is this the only tricky sit-

uation?”

“If I manage this, the

remaining track should

turn out easier.”

recognize alternatives?

decision faced?

actor questions path?

unanticipated difficulties?

increasing difficulty threatens

dilemma - recover soon?

dead end 

axonometric long shot of the com-
plete environment. no foreshorten-
ing or obscuring.
documentation representation

NARRATOR, summarizing

omniscient model

god’s eye view: perfect overview

version B: an actor climbs a mountain. being faced with a fork, he turns to the
left, which sidetracks him/her and turns out to be a dead end.

design is telling (sharing) stories
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Envisioning Cycle

Storytelling Engine

Now all scientific prediction consists in discovering in the data
of the distant past and of the immediate past (which we in-
correctly call the present), laws or formulae which apply also to
the future, so that if we act in accordance with those laws our
behavior will be appropriate to the future when it becomes the
present.

Craik, 1947, p. 59
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How to support design when
the introduction of new tech-
nology will transform the
nature of practice?

Predict the Reverberations of
Change from objects-to-be-
realized
Woods, Dekker 2001
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