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concepts are a considerably advanced accomplishment,
taking hold somewhere between five and seven years of age.

Those who embrace more rationalist accounts assume
that the mind starts out with much more than the ability to
sense and form associations or schemas about sensations
and reflexes. Beginning learners have some skeletal struc-
tures with which to actively engage the environment;
domain-relevant inputs are those that can be brought
together and mapped to the existing mental structure. Put
differently, skeletal mental structures are attuned to infor-
mation in the environment at the level of structural univer-
sals, not the level of surface characteristics. Thus the nature
of relevant data, even for beginning learners, can be rather
abstract. It need not be bits of sensation or concrete. Young
learners can have abstract concepts.

We now know that preschool-age children appeal to
invisible entities to explain contamination, invoke internal
or invisible causal forces to explain why objects move and
stop, reason about the contrast between the insides and out-
sides of unfamiliar animals, choose strategies that are
remarkably well suited to arithmetic problems, pretend that
the same empty cup is first a full cup and then an empty cup,
etc. Five-month-old infants respond in ways consistent with
the beliefs that one solid object cannot pass through another
solid object; an inanimate object cannot propel itself; and
that mechanical and biomechanical motion are very differ-
ent (see Wellman and S. Gelman 1997 for details and more
examples). 

With development, core knowledge systems can become
extremely rich, whether or not formal schooling is avail-
able—so much so that the existing knowledge structure
behaves like a barrier for learning new structures in the
domain (Gelman 1993). For example, the intuitive belief
that an inanimate object continues to move in a circle
because it currently has such a trajectory is inconsistent
with the theory of Newtonian mechanics. Yet the belief is
held by many college students who have had physics
courses. Similarly, our well-developed NAIVE MATHEMAT-
ICS, sometimes called “street mathematics” (Nunes, Schlie-
mann, and Carraher 1993), makes it hard to learn school
mathematics. In these cases, school lessons do not suffice to
foster new understandings and kinds of expertise. Be they
nativist or nonnativist in spirit, efforts to account for the
course of cognitive development will have to incorporate
this fact about the effect, or lack of effect, of experience on
learning and concept acquisition. 

See also DOMAIN-SPECIFICITY; INFANT COGNITION; MOD-
ULARITY OF MIND; NATIVISM; RATIONALISM VS EMPIRICISM

—Rochel Gelman
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Cognitive Ergonomics

Cognitive ergonomics is the study of cognition in the work-
place with a view to design technologies, organizations, and
learning environments. Cognitive ergonomics analyzes
work in terms of cognitive representations and processes,
and contributes to designing workplaces that elicit and sup-
port reliable, effective, and satisfactory cognitive process-
ing. Cognitive ergonomics overlaps with related disciplines
such as human factors, applied psychology, organizational
studies, and HUMAN-COMPUTER INTERACTION.
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The emergence of cognitive ergonomics as a unitary field
of research and practice coincides with the rapid transfor-
mation of the workplace following the growth of complex
technological environments and the widespread introduc-
tion of information technologies to automate work pro-
cesses. The computerized workplace has generalized
flexible and self-directed forms of work organization
(Zuboff 1988; Winograd and Flores 1986). These transfor-
mations have raised a set of psychological, social, and tech-
nological issues: the development of competencies to
master work processes through the new technology, the cog-
nitive shift involved in the transition from controlling a pro-
cess to monitoring automated systems (Bainbridge 1987;
Sarter and Woods 1992), the acquisition of skills to use
interactive tools, the transfer of knowledge and skills from
the old to the new workplace. Technological innovation has
also opened the possibility of improving human perfor-
mance by aiding, expanding, and reorganizing human cog-
nitive activities through the design of advanced tools, a
challenge addressed by cognitive engineering and usability
(Hollnagel and Woods 1983; Norman and Draper 1986;
Nielsen 1993).

Cognitive ergonomics approaches these issues, on the
one hand, by developing models of the knowledge struc-
tures and information-processing mechanisms that explain
how individuals carry out their work tasks (doing PLAN-
NING, PROBLEM SOLVING, DECISION-MAKING, using tools,
and coordinating with other people); on the other, by devel-
oping methods for redefining the engineering process of
workplace design. The two activities are tightly coupled
because the integration of user needs and requirements in
the design of systems and organizations is seen as the only
possible answer for successful transformation of the work-
place. User-centered design grounds the design process on
general and domain specific models of cognitive activity
and is characterized by extensive investigation of user’s
goals, tasks, job characteristics, and by continual iterations
of design and user testing of solutions. User-centered design
encompasses a variety of methods to collect and analyze
data about tasks and context of use, and of techniques to test
and measure interactions between users and computer sys-
tems (Helander 1988).

General models of cognitive work-oriented activity have
been developed to account for the complexity of human
behaviors produced in work situations (Rasmussen 1986),
to explain erroneous action (Norman 1981; Reason 1990),
and to conceptualize human-computer interaction (Card,
Moran, and Newell 1983; Norman and Draper 1986). Ras-
mussen’s model of work activity distinguishes between
automatic, automated, and deliberate behaviors, controlled
respectively by skills, rules, and knowledge. Whereas skills
and rules are activated in familiar situations, the elaboration
of explicit understanding of the current situation and of a
deliberate plan for action is necessary to deal with unfamil-
iar or unexpected situations. This framework has spurred
several specific models of process control activities in,
among others, fighter aircraft (Amalberti 1996), nuclear
power plants (Woods, O’Brien, and Hanes 1987), steel
plants (Hoc 1996), and surgical units (Cook and Woods
1994; De Keyser and Nyssen 1993).

The distinction between levels of cognitive control has
also been the key to apprehend the reliability of the human
component of the workplace. Reason’s model (1990) of
human error identifies slips and lapses caused respectively
by ATTENTION and WORKING MEMORY failures at the skill-
level of control; rule-based and knowledge-based mistakes
caused by the selection/application of the wrong rule or by
inadequate knowledge; and violations that account for
intentional breaches of operational procedures.

Norman (1986) formulates a general model of human-
computer interaction in terms of a cycle of execution and
evaluation. The user translates goals into intentions and into
action sequences compatible with physical variables, and
evaluates the system state with respect to initial goals after
perceiving and interpreting the system state. Bridging what
Hutchins, Hollan, and Norman (1986) have named the Gulf
of Execution and the Gulf of Evaluation, interaction can be
facilitated by providing input and output functions for the
user interface that match more closely the psychological
needs of the user, building in AFFORDANCES that constrain
the interpretation of the system state, and by providing
coherent and clear design models that support users in
building mental models of the system.

The bulk of the research in cognitive ergonomics has
been carried out on domain-specific work processes.
Viewed from an organizational perspective, work processes
can be decomposed into sets of tasks, of which explicit
descriptions exist in the form of procedures. Task analysis
methods combine operational procedure analysis and inter-
views with experts to describe the cognitive requirements,
i.e., demands on MEMORY, attention, understanding, and
coordination for realizing each step of the task (Diaper
1989). Leplat (1981) points out the gap that exists between
normative accounts of work and actual practice, and argues
for activity analysis of work to be carried out in the field,
using techniques derived from ethnography. Viewed from
an activity perspective, work processes involve problem set-
ting, problem solving, troubleshooting, and collaborating.
Roth and Woods (1988) see the work process as problem
solving and combine a conceptual analysis of what is
required to solve the problem, in terms of EXPERTISE,
CAUSAL REASONING, DEDUCTIVE REASONING, decision mak-
ing, and resource management, with empirical observation
of how agents solve the problem in practice. Their study
provides options for better meeting the cognitive demands
of the task and gives rise to proposals for the design and
development of new information displays that enhance
agents’ ability to anticipate process behavior.

A new perspective on work is emerging from Hutchins’s
research on distributed cognition. Hutchins (1995) takes the
work process as problem solving that is dealt with by the
workplace as a whole: a culturally organized setting, com-
prising individuals, organizational roles, procedures, tools,
and practices. The cognitive processes necessary to carry
out tasks are distributed between cognitive agents and COG-
NITIVE ARTIFACTS. Hutchins (1991) shows, for instance, that
aircraft are flown by a cockpit system that includes pilots,
procedures, manuals, and instruments. This view, while
keeping within the information processing paradigm of cog-
nition, recognizes fully the social and cultural dimensions of
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the workplace, counteracting a tendency to overestimate the
cognitive processes at the expense of environmental, organi-
zational, and contextual factors.

See also AI AND EDUCATION; COGNITIVE ANTHROPOL-
OGY; HUMAN NAVIGATION

—Francesco Cara
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Cognitive Ethology

Cognitive ethology has been defined as the study of the
mental experiences of animals, particularly in their natural
environment, in the course of their daily lives. Data are
derived from the observation of naturally occurring behav-
ior as well as from experimental investigations conducted in
the laboratory and in the field. By emphasizing naturally
occurring behaviors, cognitive ethologists recognize that the
problems faced in finding food and mates, rearing young,
avoiding predators, creating shelters, and communicating
and engaging in social interactions may require consider-
able cognitive skills, possibly more complex than and dif-
ferent from those usually examined in traditional psycho-
logical laboratory studies. The term “mental experiences”
acknowledges that the mental capabilities of animals, in
addition to unconscious mental processes, may also include


