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Views of Knowledge Acquisition and Representation: A 
Continuum From Experience Centered to Mind Centered 

Ralph E. Reynollds, Gale M. Sinatra, and Tamara L. Jetton 
University of Utah 

The purpose of this paper is to provide a framework for discussing five ap:pro;aches to 
understanding knowledge acquisition and representation. These approaches are behaviorism, 
schema theory, social perspective theories, connectionism, and situated cognition. 'We describe 
these approaches as lying on a continuum running from an experience-centered view of 
knowledge acquisition to a mind-centered view, with a more interactive view at the center. All 
five approaches are explicat~ed in light of this continuum. Specifically, assumptions about 
knowledge acquisition and reipresentation, the strengths and weaknesses of the approach, and 
the potential or actual impact on schooling are highlighted for each theory. We suggest that 
although each of these theories has merit in explaining certain aspects of knowledge acquisition, 
no approach adequately addresses the issues of consciousness, self-awareness, andl self-reflec- 
tion. Also, we argue that viewing cognitive functioning through the lenses of machine meta- 
phors is never likely to lead to an understanding of these issues. Thus, what is required is a 
conception that embodies the sophistication of the computer metaphor with the added ability 
to evolve, feel, and adapt-in short, a biological metaphor. 

How do we acquire knowledge? How do we know what we 
know? How do we keep knowledge in memory so we can 
reflect on it? These questions, and others like them, have 
fascinated philosophers and psychologists for more than 
2,000 years. The issues these questions raise-how human 
beings acquire, represent, and use knowledge-h~ave attracted 
such long-term interest because understanding them is the key 
to understanding human learning. 

The purpose of this article is twofold: (a) to present a brief 
historical context for understanding why curren.t approaches 
to knowledge acquisition and representation have evolved as 
they have (at least in America), and (b) to compare and 
contrast five of these approaches along a continuum of rhe- 
torical and research emphasis from experience: centered to 
mind centered (EC-MC). This continuum serves to delineate 
these approaches along only one dimension, and thus it will 
certainly represent a narrow lens through which to view each 
approach; however, it provides insights useful for making 
both historical comparisons (how much do current ap- 
proaches differ from previous approaches?) andl present-day 
comparisons (how do the approaches differ from each other 
with respect to the relative importance they accord to either 
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experience or mind in the knowledge acquisition process?). 
Finally, conclusions are dralwn concerning reasons for the 
nature of the evolutionary path taken by the reviewed ap- 
proaches, and suggestions and concerns are offered for how 
to improve these approaches in the future. 

EARLY VIEWS OF KNOWLEDGE 
ACQUISITION 

The first attempts to understand how human beings learn and 
how the mind works undoubtedly date back to the emergence 
of consciousness and the ability of humans to reflect on who 
and what they are. Some of the earliest written accounts of 
knowledge acquisition date at least to the time of Plato and 
Aristotle. 

Early philosophers, such as Alcmaeon, Democritus, and 
Protagoras, speculated that sensation and perception were the 
only sources of knowledge. .Alcmaeon and Democritus sug- 
gested that the sense organs take in information from the 
environment and send it to ,the brain where other ideas are 
then derived. In other words, knowledge comes from the 
interaction of the senses with the environment; there is no 
other source. Protagoras recognized the broader implications 
of this view and suggested that i f  human perception were the 
only source of knowledge, then absolute truth would be 
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94 REYNOLDS, SINATRA, JETTON 

impossible. Each perception was true for the perceiver, re- 
gardless of the uniqueness or nonviability of the view. Pro- 
tagoras's famous saying, "Man is the measure of all things," 
was meant to illustrate this view. 

However, if all knowledge (including conceptual knowl- 
edge) is derived from the senses and only the senses, how is 
it that human beings can make judgments, such as cause and 
effect, which are not inherent in the processes of sensing or 
perceiving? How can human beings recognize if something 
is or is not a triangle without experiencing all of the different 
types of triangles (e.g., isosceles, right)? How can a medical 
doctor's predictions of morbidity be more accurate than those of 
an untrained person who has examined the same patient (Durant, 
1961; Hunt, 1993; Russell, 1945; Shultz & Shultz, 1992)? 

Plato addressed these issues in a number of his dialogues, 
such as Meno, Theaetetus, Apology, Phaedrus, Timaeus, and 
Republic. He deemed the notion that knowledge coming 
solely from sensation and perception unworthy, because as 
Protagoras suggested, these data would vary from individual 
to individual and, therefore, would be quite unreliable. In- 
stead, Plato suggested that true knowledge consists totally of 
ideas, concepts, and deductions arrived at through reason. He 
acknowledged that we have perceptions but asserted that they 
were illusionary and flawed. True knowledge could be ob- 
tained only from reason and reflection (i.e., knowledge is 
already in the mind). We inherently have such knowledge and 
rediscover it through rational thinking and questioning by 
teachers-called Socratic Dialectic, as demonstrated in the 
Meno. These ideas make up the principle components of 
Plato's theory of forms (Durant, 1961; Russell, 1945; Shultz 
& Shultz, 1992). 

However, if all knowledge is derived (remembered) from 
the mind, how is it that human beings can discover new facts 
such as knowledge of the existence of bacteria; knowledge 
that 10, one of Jupiter's four largest moons, is volcanic; or 
knowledge that titanium improves the tensile strength of 
steel? These bits of knowledge seem much more likely to have 
come from observations and systematic experimentation than 
from encounters with the Socratic Dialectic. 

Aristotle managed a much needed unification of these two 
disparate notions by presenting a view in which both sensa- 
tions and perceptions and the organizational and framing 
aspects of the mind combined to form higher-order ideas, 

concepts, and processes. He suggested that the human mind 
can recognize similarities in a series of perceptions and or- 
ganize similar objects into categories or general principles, 
called "universals." It is through these universals that higher- 
order concepts and ideas are formed. With the notion of 
universals, Aristotle introduced the idea of mental repre- 
sentation. The essence of Aristotle's theory is very straight- 
forward: Sense data are perceived and the mind acts on them 
and frames them to allow higher-order knowledge to emerge. 
Aristotle did not say exactly how the mind accomplishes this 
task; he simply deduced from his study of human knowledge, 
behaviors, attitudes, and expectations that it must. 

In summary, the views of these early thinkers concerning 
knowledge acquisition can be conceptualized as forming the 
endpoints and midpoint of a continuum from the EC approach 
of Democritus and Protagoras (knowledge originates solely 
through the senses) to the MC approach of Plato (true knowl- 
edge is innate and must be "remembered). The interactive 
view of Aristotle rests at the midpoint (knowledge flows from 
both sources). Figure 1 presents the continuum visually. 

As one traverses the current psychological landscape, one 
notes numerous theories and models that fall along this con- 
tinuum in their descriptions of the processes by which infor- 
mation is acquired, understood, and retained. Although these 
theories have extended considerably our understanding of 
how knowledge is acquired and represented, it is our conten- 
tion that they still vary in emphasis (from EC to MC) in much 
the same way as did their philosophical antecedents. In the 
next sections, we discuss five approaches to learning and 
knowledge acquisition: behaviorism, schema theory, social 
perspective theories, connectionism, and situated cognition. 
We selected these five approaches for discussion because they 
are currently and actively being used in theoretical discus- 
sions in the academy and in practical applications in the 
schools. Also, they represent variety in philosophical and 
theoretical orientation. Our discussion is organized in terms 
of our evaluation of the relative position of each approach on 
the EC-MC continuum. We start with the most EC of the 
modern approaches; then, following a brief discussian of the 
Cognitive Revolution, we move to the most MC approach. 
We conclude with discussions of the three remaining ap- 
proaches. Remarks concerning each approach focus on three 
areas: (a) theoretical assumptions about knowledge acquisi- 

Experience - Centered (EC) Interactive Mind - Centered (MC) 

FIGURE 1 Experience-centeredtmind-centered continuum. 
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KNOWLEDGE ACQUISITION 95 

tion and representation, (b) a rationale for placement on the 
continuum, and (c) educational implications and theoreti- 
cal concerns. We begin with the approach thiat dominated 
American psychology from about 1920 to about 1970 and 
is still being used actively in applied psychology--behav- 
iorism. 

BEHAVIORISM 

Behaviorism was derived from British Empiricist notions of 
knowledge acquisition only somewhat less than it was from 
the writings of Watson and Skinner. Locke (1691011959) noted 
that all knowledge comes from sensory experience. This 
knowledge is organized in terms of associations based on the 
similarity and contiguity of the incoming sensory data (hence, 
the designation of this approach as "associationism"). Locke 
put it this way: 

Let us then suppose the mind to be, as we say, white paper, 
void of all characters, without any ideas. How comes it to be 
furnished? Whence comes it by that vast store which the busy 
and boundless fancy of man has painted on it with an almost 
endless variety? Whence has it all the materials of reason and 
knowledge? To this, I answer, in one word, from experience. 
In that all our knowledge is founded, and from that, ultimately 
derives itself. (Locke, 169011995, p. 59). 

Locke's associationism was reduced to its simplest form 
by James Mill (1829). Mill reiterated Locke's contention that 
knowledge is acquired only through sensations and that ideas 
are aggregated only from these same sensations. Also, he 
suggested that contiguity was the only relevant mediator of 
association. Mill saw man as a machine in both body and 
mind, dependent in both cases on external stimuli to function. 
In promoting these notions, Mill marked himself as a direct 
forefather of modern behaviorism. 

Virtually all psychologists and educators and many layper- 
sons know the basic tenets of behaviorism, ,so we do not 
belabor the point here; however, it is important to note that 
the label behaviorism covers a great deal of intellectual 
ground. Varieties of behaviorism run from notions concern- 
ing classical conditioning to such cognitive-sounding con- 
cepts as purposive behavior and intervening variables, from 
the work of Pavlov an~d Bekhterev, through Thorndike and 
Watson, to Hull, Skinner, and others (Baars, 1986; Boring, 
1950; Hull, 1943; Slunner, 1957; Tolman, 1932; Watson, 
1913). For our purposes, we focus on the walrk of Watson 
because he gave the clearest exposition of the behaviorist 
position, and of Skinner because he was perhaps the most 
influential behaviorist in both psychology and education. 

When Watson published his seminal paper in Psychologi- 
cal Review in 19 13, he inaugurated the behaviorist break from 
the then dominant schools of thought in American psychol- 
ogy-Structuralism and Functionalism (James, 1890; Schultz 

& Schultz, 1992; Titchener, 1909). He set out his philosophy 
and program as follows: 

Psychology as the behaviorist views it is a purely objective 
experimental branch of natural science. Its theoretical goal is 
the prediction and control of behavior. Introspection forms 
no essential part of its methods,, nor is the scientific value of 
its data dependent upon the readiness with which they lend 
themselves to interpretation in terms of consciousness. The 
behaviorist, in his efforts to get a unitary scheme of animal 
response recognizes no dividing line between man and brute. 
(Watson, 1913, p. 158). 

Watson's work focused on classical or respondent condi- 
tioning, as was investigated by Pavlov. Skininer took these 
original ideas and refined them to include the stimulus-re- 
sponsereinforcement paradigm, reinforcement schedules, 
and behavior modification. Skinner's system focused on op- 
erant conditioning. His basic law of behaviorism-the law of 
acquisition-states that the strength of an operant behavior 
(e.g., bar pressing) is increased when followed by a reinforc- 
ing stimulus (e.g., food). Skinner thought all human behavior, 
including language and other "higher-order" thought proc- 
esses worked the same way. For example, with language, a 
speaker utters a sound and a listener either reinforces or 
punishes the speaker by perhaps smiling or, conwersely, mak- 
ing a hostile gesture (Schulltz b: Schultz, 1992). 

Knowledge Acquisition a~nd Representation 

To the Skinnerian behavioris6 all knowledge is acquired 
through the senses by means of stimulus~~response bonds 
strengthened by a reinforcer. The mind performs no organiza- 
tional or framing function. Indeed, the dominant metaphor 
that behaviorists originally used to illustrate the brain's work- 
ings was that of a switchboarcl on which connections were 
mechanically made and maintained. Knowledge is repre- 
sented only in the sense that when a previously learned 
stimulus occurs, the learned response will occur as well. For 
example, a pigeon will learn to press a bar regularly if food 
follows such an action, even though the first instance of the 
behavior in this situation might have been random. 

Continuum 

Behaviorism lies at the EC pole of the EC-N[C continuum; 
knowledge is acquired via classical and operant conditioning 
through the senses only. There is no room for any organizing 
or framing function of the mind in this approach; indeed, there 
is no room for a mentalistic concept such as "mind." Behav- 
iorists present human beings as machines, much like the 
British Empiricists did before them (Locke, 11690l1995; Mill, 
1839). 
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96 REYNOLDS, SINATRA, JETTON 

Educational Implications and Concerns 

Behaviorists, particularly Skinner, have had an enormous 
impact on American education-some might say almost a 
universal impact. Because behaviorists believe that all infor- 
mation is derived from experience, education becomes, for 
them, a process of carefully organizing experience to maxi- 
mize learning. The organizing principle is that information 
must be broken down into small, simple increments so that 
success in learning is maximized (so as to serve as a secondary 
reinforcer). Learners are encouraged to make observable re- 
sponses so that instructors can evaluate their progress and 
reinforce students at the appropriate times in the appropriate 
ways, such as saying "Good job" or smiling with approval 
when answers are correct. 

The learner is seen as a passive recipient of this organized 
information. Behaviorists take great care in developing in- 
structional materials that are precise in detailing how infor- 
mation is to be presented and how students are to respond. 
Also, behavior modification (controlling student behavior via 
reinforcements) and direct teaching techniques are based on 
behaviorist doctrine. Finally, teaching machines and many of 
the early instructional computer programs were developed 
along behaviorist guidelines. Indeed, it would be difficult to 
find any teacher in any public school classroom who does not 
use at least one of these practical applications of behaviorism 
in some way every day. 

The criticisms of behaviorism are well documented. Be- 
haviorists' attempt to account for higher-order cognitive func- 
tions, such as language, failed completely. Chomsky's (1959) 
critique of Skinner's book Verbal Behavior suggested that 
behaviorists really could not account for the psycholinguistic 
nature of language and its acquisition. Chomsky and Miller 
(1958) showed that it was impossible to acquire all of the 
sentences that people can speak and understand through con- 
ditioning. Even people with relatively small vocabularies 
would have to learn sentences at a rate faster than one per 
second throughout their entire lifetimes. Further, other 
higher-order activities such as strategic behavior, problem 
solving, and selective attention cannot be accounted for ade- 
quately in terms of stimulus-response bonds and operant 
learning (Baars, 1986; Chomsky, 1959; Chomsky & Miller, 
1958; Miller, 1956) 

THE COGNITIVE REVOLUTION 

As it became clear that behaviorism could not account for 
some of the more salient aspects of human cognitive function- 
ing, psychologists began to look for other approaches from 
which to investigate knowledge acquisition. Several key as- 
pects of this change were labeled the "Cognitive Revolution." 
Historians of psychology place the beginning of the cognitive 
revolution between 1956 and 1960. The key initiating events 
were Chomsky's review of Skinner's Verbal Behavior, the 

founding of the Harvard Center for Cognitive Studies in 1960 
by Miller and Bruner, and the advent of the modern computer 
(Baars, 1986). It was at this time that psychologists began to 
conduct research using concepts such as mind, cognition, 
attention, imagery, and reasoning-drastically changing the 
vocabulary and approach to mental phenomena. From this 
time on, the theoretical influence of behaviorism gradually 
waned. Ironically, its influence began to increase in applied 
psychology in the forms of behavior therapy in the clinic and 
behavior modification in public school classrooms. 

The two major theoretical events of the cognitive revolu- 
tion were the emergence of notions of mental knowledge 
representation and the "computational metaphor.'' Behavior- 
ists had rejected the idea of representation as reductio ad 
absurdurn or the "homunculus" (little man in the head) argu- 
ment. This approach suggests that if there were such a thing 
as a mental representation, then there would also have to be 
something (a little man) that inspects the representation and 
acts on it. But if that were the case, then how would that 
something know what to do with the information? The behav- 
iorist answer was that another little man would have to tell the 
first little man, and another little man would have to tell him, 
and so on. Hence, behaviorists suggested that mental repre- 
sentation was logically impossible. The development of the 
modern computer, which represents information symboli- 
cally in binary bits, countered the behaviorist argument by 
providing a working demonstration of this type of repre- 
sentation (Baars, 1986). 

Turing (1950) provided the second key theoretical con- 
struct for cognitive psychologists-the computational meta- 
phor. Turing suggested that a simple machine with the capa- 
bility of making marks on a tape, reading them, and erasing 
them cauld, in theory, compute and represent any conceivable 
symbolic relationship, given enough time and enough tape. 
Insights like this one in computational theory led to the 
development of the modern computer. The modern com- 
puter, in turn, became the dominant machine metaphor of 
the cognitive revolution and the model for viewing human 
beings as information processors (Baars, 1986; Norman, 
1976). 

In summary, the cognitive revolution gave psychologists 
(a) a different theoretical base (computational theory), (b) a 
different vocabulary (including mentalistic terms), (c) a dif- 
ferent view of knowledge representation (symbolic), and (d) 
a different machine metaphor for human cognitive processing 
(the modern computer). As a consequence of these insights, 
it became reasonable to speculate that computers might even- 
tually be able to "think" like human beings. However, some 
skeptics, most notably Ulric Neisser (19761, considered by 
many the father of cognitive psychology, suggested that p ~ y -  
chologists had just given up one passionless, emotionless 
machine metaphor for another (Coleman, 1983). Granted, the 
compukr is vastly more complex than a clock or a switch- 
board, but it is still a machine, dependent on external experi- 
ence for data and instructions. 
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KNOWLEDGE ACQUISITION 97 

SCHEMA THEORY 

Schema theory resulted from dissatisfaction wilh the mecha- 
nistic, experience-based approach to knowledge acquisition 
characteristic of behaviorism and early models of information 
processing and artificial intelligence. It seemed that the sys- 
tems and simulations were adequate in replicating some as- 
pects of human behavior using simple learning (and problem- 
solving tasks, such as the Tower of Hanoi a~nd encrypted 
number puzzles (Newel1 & Simon, 1972), but still were 
inadequate when it came to modeling or explaining more 
complex cognitive activities, such as comprehending, remem- 
bering, and strategic learning. 

In opposition to this early cognitive (information-process- 
ing) approach, researchers, intereste:d in modeling the flex- 
ible, interactive-processing capacities that human beings 
clearly possess turned to the ideas of Bartlett (1932), Minsky 
(1975), Schank and Abelson (1977), and to the ]philosophical 
work of Kant (1781/1900') and Wittgenstein (1958). These 
ideas led to the notion of representing knowledge in the form 
of schemata. Modern schema theory is based on apsychologi- 
cal rendering of this view. 

Knowledge Acquisition and Representatior~ 

Kant asserted that the mind is neither a "blank slate7' nor a 
simple aggregation of perceptions. It is, instead, the agent that 
frames experience and perception and provides potential 
boundaries for knowledge on the basis of its innate construc- 
tion and capacity. For example, it is the mind that allows 
learners to make cause-effect determinations c~oncerning in- 
coming information, whereas experience alone, in the form 
of contiguity and similarity, can only provide correlations 
(Brook, 1994). In short, the mind interacts with sense infor- 
mation as an active agent in the acquisition of knowledge. 
Chomsky's theory of the innate capacity of the child's mind 
to comprehend the syntax of spoken language extended this 
type of reasoning into the realm of language acquisition. 

If the mind is to play an interactive role with experience in 
knowledge acquisition, then knowledge must be represented 
in a fluid, dynamic way, Anderson, Reynolds, SchalPert, and 
Goetz (1977) suggested that this unit of representation was 
the schema. Rumelhart and Ortony (1977; Rumelhart, 1980) 
were the first to attempt to make the concept of schema more 
concrete. They suggested that schemata are packets of knowl- 
edge that have the following six characteristics: (a) they have 
variables, (b) they can be embedded within one another, (c) 
they represent knowledge at all levels of abstraction, (d) they 
represent knowledge rather than definitions, (e) they are 
active processors, and ( f )  they are recognition devices whose 
processing is aimed at the evaluation of their goodness of fit 
to the data being processed. 

Psychologists took this to mean that once contained in the 
form of schemata, an individual's knowledge could interact 

with, and even at times influence, sense experience. Stated 
anotheir way, there might be situations in which similar expe- 
riences would not lead to similar knowledge acquisition as 
predicted by experience-based models such as behaviorism. 

Continuum 

Schema theory allows the mind a greater role than other 
modern theories of knowledge acquisition, although clearly 
not as great a role as was allowed in Plato's theory of forms. 
The mind, in the form of schemata, allows a111 individual's 
knowledge to interact with incoming information to form new 
interpretations. The role of experience is acknowledged as 
well, because it provides the raw materials from which the 
mind forms schemata. Knowledge is not remembered, as with 
Plato; rather, it is created out of the interaction between 
incoming sense perceptions and the inherent capacities of the 
mind. Hence, schema theory would fall to the MC side of the 
midpoint on the continuum. It is interactive, but the emphasis 
is on the mind and internal processes of information repre- 
sentation, organization, and framing. 

Educational lmplications and Concerns 

Schema theory has many implications for learning; indeed, 
this is perhaps the greatest contribution of this theory to date 
(Anderson, 1977). The educational implication that has re- 
ceived the most attention is the notion that an individual's 
background knowledge (previously acquired knowledge 
stored in memory in the fc~rm of schemata) can affect the 
interpretation of incoming sensory and perceptual data. This 
idea has had a profound effect on education in that it makes 
the active, involved learner a key component of the successful 
learning situation. Also, schema theory informs the choice of 
what to teach and how to beach it. If, as Rumelhart (1980) 
suggested, schemata are like procedures, then student-cen- 
tered approaches such as strategy instruction, metacognition, 
and selective attention should, and have, become aspects of 
the curriculum of many publlic schools (Reynolds, 1992). 

The major criticisms of schema theory focus on its vague- 
ness and generality, theorists' inability to describe exactly 
how schemata are constructed, and the comparably untestable 
notion that the mind is soimehow innately equipped with 
certain reflecting and framing capabilities. ALnother issue, 
recently raised, has to do with the proposed limitations of 
schematic representations in contrast to brodler views that 
allow for the representation olf knowledge as images (Sadoski, 
Paivio, & Goetz, 1991) or mental models (Greeno, 1991). 
Finally, researchers employing schema theory as a frame have 
focused much of their research on what goes on in students' 
heads. This can be seen as a reaction against the total EC 
approach of the behaviorists; however, this focus has resulted 
in less attention than necessary being paid to the social and 
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cultural aspects of each individual's environment, which 
likely have strong effects on the nature and process of knowl- 
edge acquisition (an exception being Reynolds, Taylor, Stef- 
fensen, Shirey, & Anderson, 1982). 

SOCIAL PERSPECTIVE THEORIES 

Perhaps due in part to the dominance of the cognitive-psy- 
chological view of cognition as an "in-the-head," individual 
phenomenon, current researchers in fields ranging from psy- 
chology and linguistics to literary theory, sociology, anthro- 
pology, and education have explicated positions emphasizing 
the role of social and cultural contexts on cognition. These 
approaches have been variously called social constructivism 
(Turner, 1995), sociocultural perspective (Wertsch, 1991), 
sociohistorical theory (Wertsch, del Rio, & Alvarez, 1995), 
and socio-cultural-historical psychology (Cole, 1995). A re- 
view of each of these positions is beyond the scope of this 
work. Consequently, we focus on the two perspectives that relate 
most closely to the issues under discussion: social constmctivism 
and sociocultural perspectives. We use the umbrella term social 
perspective theories (Wertsch, Minick, & Arns, 1984, p. 152) 
when referring to both of these approaches. 

To begin, we must clarify the distinction between social 
constructivism and cognitive constructivism, which was 
largely inspired by Piaget (Cobb, 1994). Cognitive construc- 
tivism examines how individuals construct their own under- 
standings of the world through problem solving with objects 
and others. In contrast, theorists from a social constructivist 
perspective place their emphasis on the influence of the social 
context on the construction of knowledge. 

The sociocultural perspective also differs from cogni- 
tive constructivism. Cobb (1994) clarified the distinction 
between the two by describing the views on the influence 
of engagement in activities in the development of knowl- 
edge: 

. . . both highlight the crucial role that activity plays in . . . 
learning and development. However sociocultural theorists 
typically link activity to participation in culturally organized 
practices, whereas constructivists give priority to individual 
students' sensory-motor and conceptual activities. Further, 
sociocultural theorists tend to assume from the outset that 
cognitive processes are subsumed by social and cultural 
processes (p. 14). 

The emphasis of social perspective theories on the social 
context and activity is largely due to the influence of Russian 
psychology (e.g., Vygotsky, Leont'ev, and Luria) and the 
social psychology of the United States as lead by Mead 
(1934). According to these theorists, the development of 
cognition is the result of the internalization of social interac- 
tions mediated by symbol systems, such as language. Wertsch 
et al. (1995) claim that the goal of social perspective theories 

to date is "to explicate the relationships between human 
mental functioning, on the one hand, and the cultural, institu- 
tional, and historical situations in which this functioning 
occurs, on the other" (p. 3). 

Knowledge Acquisition and Representation 

Social perspective theorists' views of knowledge are as varied 
as the disciplines that have inspired them. However, there are 
some commonalties in that these theorists reject the traditional 
information-processing view that knowledge is acquired by 
transmission from one knower to another and then repre- 
sented solely within the mind of the knower. Rather than use 
the terms acquisition and representation, social perspective 
theorists view knowledge as constructed by, and distributed 
among, individuals and groups as they interact with one 
another and with cultural artifacts, such as pictures, texts, 
discourse, and gestures. Knowledge is not an individual pos- 
session but is socially shared and emerges from participation 
in sociocultural activities (Cole, 1991). Another defining 
feature of social perspective research is that the primary unit 
of analysis is the group or the social interaction, in contrast 
to cognitive psychology's focus on individual cognition. 
According to Rogoff (1990) "neither the individual nor the 
social environment can be analyzed without regard to the 
other, as the actions of one have meaning only with respect 
to those of the other" (p. 190). 

Although social perspective theorists' views are diverse 
(see e.g., Cole, 1991; Lave, 1991; Resnick, 1991; Rogoff, 
199 1; Wertsch, 1991), each theorist posits that learning occurs 
through the mediation of social interaction. According to 
Vygotsky (1979), learning occurs when a child internalizes 
the social experience of interacting with a peer or adult. The 
internalization process is described by Vygotsky and his 
followars as the development of inner speech, or internalized 
thought processes, originating in and formed through social 
interaction. His concept of the "zone of proximal develop- 
ment," or the distance between a child's independent prob- 
lem-solving ability and his or her potential for success through 
collaboration with others, emphasized tbet role that more 
experienced others play in the internalization process. 
Leont'ev (1981) also viewed the more experienced other as 
critical to learning, but he extended Vygotsky's work to stress 
the importance of engagement in activity. 'That is, learning 
occurs within the activity itself. 

Continuum 

Where social perspective theories fall along the EC-MC 
continuum depends on which theorist you consider as repre- 
sentative of these diverse positions. Theorists in social con- 
structivism whose notions of knowledge are consistent with 
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early scholars, such as Vygotsky and Mead, suggest that the 
mechanisms of individual thought are first engaged through 
interaction with others and then become internalized. How- 
ever, the emphasis in social perspective theories is clearly on 
the role of the social and cultural context in shaping cognition, 
as reflected in this statement by Vygotsky (1979): "The social 
dimension of consciousness is primary in fact and time. The 
individual dimension of consciousness is derivative and sec- 
ondary" (p. 30). The process of internalization, which was 
extensively explored by Vygotsky, has played1 a much less 
significant role in the modern research agenda in comparison 
to that of the sociocultural context. Therefore, we place the 
social perspective theories on the EC side of the continuum. 

Educational Implications and Concerns 

Schools and classrooms are social places, situated within a 
particular context and culture. For too long cognitive psy- 
chologists ignored the contribution of the classroom environ- 
ment, the school cumculum and context, and the broader 
social community and culture in shaping individual knowl- 
edge and thought. 

Social perspective theories have much to !say about the 
arrangements of classrooms and activities for promoting 
learning. As teachers move to cooperative learning and con- 
textualized activities, social constructivism and sociocultural 
perspectives can help educators understand the impact of the 
social and cultural context on student learning. Particularly, 
these perspectives would suggest that students should have 
more opportunities to interact with peers and more experi- 
enced others. 

As sociocultural theorists examine the influence of culture 
on learning, there is much potential to develop notions of what 
it means for individuals of diverse cultural backgrounds to be 
learners in our multicultural society. Sociocultural perspec- 
tives can help educators face the challenges of the multicul- 
tural classroom by furthering our understanding, of the dialec- 
tic influence of culture on learning and learning on culture. 
Finally, researchers in sjocial constructivism have contributed 
enormously to our understanding of cognitive development, 
particularly as it relates to learning in and out of school. 

Despite these contributions, Damon (1991) cautioned that 
in broadening our views of cognition and its development we 
may lose sight of the role of the individual in the social 
construction of knowledge. In other words, what do individu- 
als learn from their social interactions and what do they bring 
to new social exchanges? Is there developmental change that 
occurs within individuals, and can such change: be assessed? 
Damon (1991) argued that rather than lose siglht of the con- 
tribution of the individual's prior experience to the social 
construction of knowledge, psychologists need to develop a 
better understanding of the interaction of social and individual 
development. Taking Damon's point further, social perspec- 
tive researchers today should incorporate the internalization 

process (which was so integral to Vygotsky's original think- 
ing) into their current research a.genda. Unfortunately, in their 
legitimate efforts to highlight social and cultural influences 
on learning, social perspective theorists run the risk of nar- 
rowing the discussion in a way similar to, though opposite of, 
the "in-the-head" cognitive psychology of 25 years ago. 

Traditional cognitive models of knowledge representation are 
symbolic models. That is, they are based on the notion that 
the human information-processing system consists of stored 
symbols (which represent concepts or ideas) and rules for 
manipulating those symbols. Pioneers of connectionism, such 
as McClelland and Rumelhart 1(1988), inspired by the devel- 
oping knowledge of neurobiology and dissatisfied with the 
prevalent symbolic view of the 1960s and 1970s, established 
a network model of human cognition. 

Symbolic and connectionist models of cognition are fun- 
damentally different. In contrast to symbolic systems, net- 
works operate without symbols and without rules. It has been 
argued that although the rule-based, serial-processing com- 
puter has served as a metaphor for human cognition, it may 
be a very poor metaphor. Computers are best at the processes 
with which human beings have the most difficulty, for in- 
stance with limited logical reasoning, and they have great 
difficulty doing what humans do with ease-that is, recogniz- 
ing patterns (Bereiter, 1991). In contrast to symbolic models, 
connectionists view cognition as a network of subsymbolic 
nodes (or units) and connections among these units. Instead 
of conceptualizing cognition as the process of symbol ma- 
nipulation, cognition is seen as the process of changing the 
activation level of interconn~ected nodes in the network. 

KnowAedge Acquisition and Representation 

According to connectionism, knowledge is acquired in ways 
similar to those described by classical associationism; that is, 
experiences are associated through contiguity and frequency. 
For example, one learning algorithm used in connectionists 
models, the Hebb rule, involves strengthening the weight 
between two units whenever those two units are simultane- 
ously active. Alternatively, when one node is active and a 
connected node is not, then the connection is weakened. In 
either case, learning has oc~curred. Connectionists allow for 
another aspect of knowledge acquisition derived from these 
fust two-back propagation. Through back propagation, in- 
formation about errors is fe~d back though the network. This 
information is used to change the strengths d connections 
and, thereby, allow additional learning to occur. In general, 
network models can learn to recjognize a printed word (Mozer, 
1991), pronounce a printed word (Sejnowski 8z Rosenberg, 
1987), recognize apattern (M[cClelland & Rumelhart, 1981), or 
infer missing information (McClelland & Rumelhart, 1981). 
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The process by which connectionist networks acquire 
knowledge is too complex to explain fully here (for a fuller 
account see Bechtel & Abrahamsen, 1991; Quinlan, 1991). 
Suffice it to say that networks learn by changing the strength 
of connections. The resulting distribution of connections may 
give rise to patterns of activation that could then be symbolically 
represented. Through experience, networks learn the regularities 
of the environment which can result in the rule-like behavior 
characteristic of symbolic information-processing systems. 

A critical distinction must be made between connectionist 
and symbolic views of the regulation of the cognitive system. 
Many symbolic systems imply or explicitly claim the exist- 
ence of an executive function that monitors and controls 
cognitive activity. In contrast, all control is local in connec- 
tionist networks- there is no executive function. The net- 
work operates independently without feedback from a remote, 
executive, cognitive function. 

Connectionists' view of knowledge representation sug- 
gests that the cognitive system is a connected network of 
nodes, each vith some degree of activation. Knowledge is 
distributed among the nodes and connections, or as Rumelhart 
(1989) described it, "knowledge is in the connections" (p. 
135). This is in sharp contrast to earlier semantic networks 
(e.g., Collins & Loftus, 1975). Semantic networks are symbolic 
knowledge structures in which nodes represent meaningful ideas 
or concepts, and the connections represent relations between 
concepts. In connectionist models, the representation of a con- 
cept is distributed among nodes in the network. 

Continuum 

Considering the similarities between connectionism and clas- 
sical associationism (a concern raised by Foder & Pylyshyn, 
1988), one may wish to place connectionism near behavior- 
ism on the EC end of the continuum. However, according to 
the connectionists, back propagation represents an additional, 
internal process that goes beyond the simple relation of sen- 
sory experiences. Indeed, Bechtel and Abrahamsen (1991), 
noting that associations can be formed between units based 
on experience or on the propagation of activity through the 
network, concluded that connectionism is "associationism 
with an intelligent face" (p. 103). Therefore, we would place 
connectionism to the right of behaviorism near the EC end of 
the continuum. 

Educational Implications and Concerns 

Connectionist networks emphasize the importance of proce- 
duralized knowledge, automaticity of lower level skills, and 
parallel distributed processing. Too often in education in- 
structors teach isolated facts (i.e., they teach to build declara- 
tive knowledge). Network models of cognition seem to sug- 
gest that teachers should support the development of the 

ability to chunk, proceduralize, or automate processes to 
lessen the demands on our limited resources. Learning how 
to optimize our cognitive resources may provide learners with 
the resources necessary to develop conceptual under- 
standings. 

Connectionism is a relatively new conceptualization of 
knowledge, and as such, a number of concerns could be raised. 
One major concern is the emphasis on experience as the 
primary initiator of knowledge acquisition. Connectionist 
theorists do allow a role for internal processing, but that role 
is a limited one, initiated and constrained by the nature of the 
incoming data. There is no framing of incoming information 
in the Kantian sense; rather, there is reaction to incoming 
information by changing the connecting strengths. Hence, it 
is not clear how this system would make cause and effect 
judgments or engage in strategic behavior. 

A second concern is that although connectionists have 
moved away from the traditional machine metaphor by at- 
tempting to model the function of neurons, the model is still 
mechanistic at its core. It seems unlikely then that connection- 
ist models will be able to represent all levels of cognition, 
from pattern recognition to complex reasoning. Instead, hy- 
brid models that allow for a role for the mind in the organiza- 
tion of incoming knowledge and still provide an account of 
lower level, more automatic processing will be necessary, 
Such models will likely provide a fuller account of cognition 
than is currently provided by either connectionist or symbolic 
models alone. 

SITUATED COGNITION 

Situated cognition is a relatively recent theory that attempts 
to account for how one learns in a conceptual environment. 
The conceptual environment consists of the external world as 
perceived, the internal representations of these perceptions, 
and the resulting interactions. Greeno (1991) advocated that 
learning is the ability to find and use resources within the 
conceptual environment. This is in contrast to information- 
processing conceptions of learning that emphasize the con- 
struction of cognitive structures and procedures in the form 
of symbolic propositions. 

Situated cognition evolved from artificial intelligence and 
cognitive psychology. Theorists in artificial intelligence use 
the term situated action to describe how computers must be 
understood in the broader context of communication and the 
larger network of equipment and practices in which they are 
situated (Winograd & Flores, 1986). 

Similarly, to some cognitive psychologists, situativity is 
defined as the result of reasoning occurring in the interaction 
between the individual and the social and physical situation 
(Brown, Collins, & Duguid, 1989; Clancey, 1993). However, 
situated cognition differs from the theories of Vygotsky and 
those who advocate social cognition in that situated cognition 
places greater emphasis on the internal operations that occur 
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as an agent interacts with the situation or environment 
(Greeno, 1991). 

Knowledge Acquisition and Representatioln 

According to this theory, knowledge is acquired through the 
internal processes of the agent as he or she perceives and 
interacts with the environment. According to Greeno (1991), 
these internal processes can be in the form of symbolic 
representations, especially when an individual uses language 
to communicate with others. However, the representation of 
knowledge symbolically is only part of cognition. Those who 
advocate situated cognition propose a more inclusive view of 
representation in the form of a mental model or mental version 
of a situation. Greeno (1991) described mentad models as "a 
special kind of mental representation, in that the properties 
and behavior of symbolic objects in the model simulate the 
properties and behavior of the objects they represent rather 
than stating facts about them" @. 177). Greeno believed that 
individuals construct mental models when thg:y read a book 
or have a dream. Reasoning occurs when the agent interacts 
with and mentally manipulates iobjects in the mental models. 
These interactions would simulate actions thi~t occur in life 
situations. For example, given a problem concerning forces 
on a ship at the earth's equator, one might construct a mental 
model that would include objects that represer~t the earth, the 
sun, and the ship. Reasoning in~rolves mentally manipulating 
the movements of each of these objects, such as rotating the 
earth, and observing the results that occur. 

Although Greeno was rather vague as to what the mind 
does to construct mental models, one can infer that the con- 
struction is based on the interactions between the agent and 
the environment. These interactions occur as the agent per- 
ceives the environment. Thus, the environment plays an im- 
portant role in knowledge acquisition in th,at it provides 
affordances or "the contribution that things in the situation 
make to the interactions" (Greeno, 1991, p. 210). An example 
of an affordance is a doorway that affords traversing rooms 
in a house. Affordances are perceived directly, as described 
by Gibson (1986). Although direct perception is never clearly 
defined by either Greeno (1991) or Clancey (1 993), it seems 
that it is the direct processing of information in the environ- 
ment, without the mediation of scripts or rules. The ability to 
create mental models can also be obtained through mediated 
perception, in which the agent is connecting with objects that 
are not directly in the environment through information that 
is locally available. Greeno's view of how the agent acquires 
the ability to perceive affordances in the environment is 
through the frequency of engagement in activities, rather than 
the representations of those actions. 

Continuum 

Situated cognition emphasizes both the processes that occur 
in the mind, in the form of mental models, as well as the 

affordances within the environment that contribute to the 
formation of mental modells; hence, we consider this theory 
interactive and place it close to the middle of the EC-MC 
continuum. Unlike  schema^ theory, which stresses the agent 
who fiames the perception, situated cognition places more 
emphasis on the situation and the frequency of engagement 
in the situation as variables in knowledge acquisition. How- 
ever, situated cognition is different from the more EC theories 
because it directly accounts for the contribution of the mind 
in reformulating knowledge acquired from  the environment. 

Educational Implications and Concerns 

Those who advocate situated cognition would suggest that 
educators facilitate studenis' construction of mental models 
that contain conceptual entities and allow them to reason with 
these mental models through problem-solving activities, es- 
pecidly ill-defined problems (Brown et d , 1989). Also, 
because creating mental models is both an individual as well 
as social construction, studlents must be provided opportuni- 
ties for social interaction. Teachers must provide settings for 
group problem solving in which students can express their 
mental models to each other, tlws enabling students to create 
alternative models to better facilitate learning. The teacher's 
role: is to help individuals l~earn their way around the concep- 
tual domain or environment by identifying the type and 
location of affordances in the form of resources, easy routes, 
or strategies. 

One type of instruction that provides complex situations 
that facilitate the construction of mental models is anchored 
instruction. Anchored instruction is a term used to mean that 
teachers anchor or situate, students in the context of rich 
environments (Cognition and 'Technology Group at Vander- 
bilt, 1992). It is a type of in!struction that provides apprentice- 
ship training in simulated contexts or situations that are 
supposed to represent life situations, such as the Jasper com- 
puter series. 

Situated cognition contributes to our notions of both 
knowledge and instruction. The theory suggests that the en- 
vironment is intricately a p a t  of the knowledge that we 
acquire. Also, this theory contributes the idea that learning 
can be ongoing as a result alf direct perception, That is, not all 
learning necessarily results in a retrieval process of stored 
propositions. Situated cognition has lead to the emphasis on 
providing rich contexts or situations in which learning can 
occur. 

Like connectionism, situated cognition is a relatively new 
conceptualization of knowledge and learning. Therefore, con- 
cepts such as "conceptual environment" are broad and loosely 
defined, making the theory difficult to disprove. Another 
concern is that the internal mechanisms by which individuals 
construct and interact witlh mental models are unclear. A 
similar issue was raised concerning schema theory. Finally, 
for a theory that emphasizes the situation, the cultural context 
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is not accorded the same degree of importance as other aspects 
of the environment. Criticism aside, situated cognition repre- 
sents a positive direction for theories of knowledge acquisi- 
tion in that it attempts to bring together the two ends of the 
EC-MC continuum. 

CONCLUSIONS 

Over time, theories of knowledge acquisition and repre- 
sentation seem to move back and forth between the EC and 
MC poles of the continuum. Historically, it seems that when 
EC approaches get too strong, notions of human learning 
become too simple and mechanical. Approaches with a more 
MC emphasis then emerge to balance the emphasis. For 
example, Plato's articulation of the theory of forms was in a 
measure a reaction to the experience-based proposals of De- 
mocritus and Protagoras. Aristotle followed Plato with a 
synthesis of the two views. Over 1,500 years later, Kant 
formulated his views concerning the schematization of 
knowledge, at least partly as a response to Locke, Mill, and 
the EC position of the British Empiricists. Wundt's epistemo- 
logical views acknowledged the role of both experience and 
the mind in knowledge acquisition, but he focused his new 
science and his own research on the "contents of conscious- 
ness." 

The EC-MC continuum reveals this same trend in modern 
American psychology. Schema theory and some information- 
processing approaches were introduced to counter the EC 
approach of the behaviorists. Interestingly, two approaches 
have split off from these more MC approaches: social per- 
spective theories and situated cognition. Social perspective 
theories move the emphasis back toward the EC end of the 
continuum-social and cultural experience is at the heart of 
these approaches-whereas situated cognition reflects a more 
interactive approach. Figure 2 shows the relative position of 
the reviewed models on the EC-MC continuum. 

Note that in addition to the trend just discussed there is a 
second trend evident in Figure 2. A preponderance of ap- 
proaches are clustered on the EC side of the continuum. 
Historically, American psychology has had a decidedly expe- 
rience-oriented, mechanistic attitude. Certainly Watson and 
the behaviorists reinforced this trend, but it was likely first 
established by the British Empiricists. The cognitive revolu- 
tion really did not change this attitude, even though mental- 
istic terms were introduced back into American psychology. 
American cognitive scientists and psychologists focused 
much of their theoretical energy on information-processing 
models of human cognition. One goal of this work was to 
model human cognitive behavior on a machine, as a result of 
Turing's work. Behaviorism and connectionism can be 
viewed as extensions of this EC, mechanistic mind set. Social 
perspective theories embrace the EC aspects of this approach, 
but they clearly do not embrace the mechanistic view, Schema 
theory and aspects of situated cognition are notable excep- 
tions to this American psychological Zeitgeist. 

Another interesting feature in the history of psychology in 
general, and of American psychologists' understanding of 
knowledge in particular, is the use of machine metaphors. In 
Descartes's time, the operative machine metaphor was the 
clock. The behaviorists used the telephone switchboard, and 
information~processing theorists used the computer. At times 
these metaphors have proved useful, as in forming the basis 
for notions such as short-term memory, long-term memory, 
memory buffers, and parsers. However, these metaphors also 
have a down side. Machines neither can reflect on or recon- 
ceptualize past knowledge nor have passionate feelings about 
learning, Most important, machines cannot adapt to their 
environments over time (i.e., evolve) in the same sense that 
human beings can and do. What is needed is a new type of 
metaphor that embodies the levels of system sophistication of 
the computer metaphor with the addad ability to evalve, feel, 
and adapt-in short, a biological metaphor. Such biologically 
based notions c m  be seen in areas suah as intelligence and 

Experience - Centered (EC) Interactive Mind - Centered (MC) 

FIGURE 2 Completed experiencecentedmind-centered continuum. Note that positions on the continuum 
are on an ordinal rather than an interval scale. 
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discussions of the emergence of consciousnesz; (Leakey & 
Lewin, 1992). It is time for psychologists interested in knowl- 
edge acquisition and representation to move away from their 
traditional dependence on machine metaphors and move to- 
ward metaphors that can include evolution and adaptation as 
major operative principles. 

Similarly, none of the approaches we reviewed, nor any 
others that we know of, adequately explain the concepts of 
consciousness, self-awareness, and self-reflection-concepts 
that certainly affect knowledge acquisition and repre- 
sentation, but on which many psychoPogica1 learning theories 
fail even to comment. Indeed, Rudolf Carnap, a lifelong 
positivist, realizing the role of self-awareness and reflection, 
stated, "a person's awareness of his own state of imagining, 
feeling, etcetera, must be recognized as akind of observation, 
in principle not different from external obsematii~n and there- 
fore a legitimate source of knowledge" (as cited in Schultz & 
Schultz, 1992, p. 518). Certainly, approaches to knowledge 
acquisition based on computer simulations cannot take 
these notions into account. Biological metaphors cannot 
model them either, because humans cannot be metaphors 
for themselves, but they might lead to a better under- 
standing of the processes involved in their emergence. Yet, 
it seems clear that understanding these chari~cteristics is 
crucial to understanding how human beings acquire knowl- 
edge and adapt to their environment. 

Perhaps our major conclusion is that each of the ap- 
proaches to knowledge acquisition discussed has definite 
strengths and has illuminated different aspects of human 
cognitive activity. The behaviorist perspective provides many 
insights concerning the acquisition of lower-order skills and 
the control of human behavior. Schema theory emphasizes the 
role of the mind and how knowledge interacts with incoming 
information. Social perspective theories bring the entire social 
milieu, including culture and society, into the center of the 
cognitive equation. Connectionists model neuroinal processes 
that allow insight into complex processes such as pattern 
recognition. Situated cognition notes the importance of close 
interaction between the environment and the cognitive agent 
and the importance of mental models in problem-solving 
situations. What remains from our task of reviewing these 
approaches is a sense of awe at the amazing variety of 
human cognitive functioning and the hope that future theo- 
rists will be able to incorporate both an active, reflective, 
conscious, mind and extensive individual, social, and cul- 
tural experiences into their models of human cognitive 
complexity. 
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