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Cognitive constructivism is not a unique theoretical framework, pedagogical approach, or
epistemnology, but a general, metaphorical assumption about the nature of cognition that
virtually all cognitive educational researchers accept. Despite this unifying assumption, there
are many different cognitive constructivist research programs and theories within the commu-
nity at large. This article contrasts cognitive constructivism with several other forms of
constructivism in the educational research community. It then attempts to represent the range
of theoretical approaches within cognitive constructivism, pointing to examples and potential
educational applications of cognitive constructivist ideas. Cognitive schema theory receives
special attention as an important theoretical perspective that has been relatively neglected in
recent theoretical discussions. It is believed to have significant potential for building conceptual
bridges between information processing and radical constructivist viewpoints.

When Mayer (1992) suggested that the knowledge construc-
tion metaphor would provide a substantial unifying force for
educational research, I (Derry, 1992) questioned whether
unification could possibly occur because constructivism was
claimed by various epistemological camps that did not accept
one another as theoretical comrades. Since then, there have
been a great many conference symposia, special journal is-
sues, special small conferences, and edited volumes devoted
to the task of explicating similarities and differences among
various versions of constructivist educational theory. Collec-
tively, these forums are evidence that both Mayer and I were
basically accurate. Ethnocentricity within various construc-
tivisms continues, but a dialogue among them is now pro-
gressing in an effort to overcome differences that impede the
scientific practice of education.

Finding resolution between forces of division and consoli-
dation within constructivism was a theme in Steffe’s (1995)
retrospective analysis of a 1992 conference on alternative
constructivist epistemologies (Steffe & Gale, 1995). In his
introduction to that retrospective, Steffe stated,

My intention is to establish possible relationships among the
alternative [constructivist] epistemologies that might not
have been considered at the conference and, thereby, to open
paths for communication. This amounts to much more than
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an academic exercise because there is a lot at stake here for
the education of children and young adults, and for the role
of constructivism in that education. ... What some might
consider to be good ideas often never materialize because they
are in conflict with other perhaps equally good ideas—con-
flicts that can paralyze action, rather than engender modifica-
tion in action.

(p. 489)

Separation and unification were concerns also expressed
in Marshall’s instructions to contributors to this special issue.
Based on these concerns and the editor’s request, I focus my
analysis on the topic cognitive constructivism. 1 begin by
contrasting the cognitive orientation with other constructivist
frameworks. I then attempt to characterize the range of main-
stream theories and approaches within the cognitive construc-
tivist community, which encompasses both modern informa-
tion-processing psychologies and versions of radical
constructivism. One thesis of this article is that information-
processing psychology and radical constructivism can and
should blend their programs together, striving for a more
exact science of radical constructivist teaching and learning.
To that end, I focus on the connecting concepts of schema and
schema change, important ideas found within many informa-
tion-processing theories as well as within radical constructiv-
ism. I attempt to show why a hierarchical cognitive theory of
schema and schema change has interesting potential for build-
ing bridges of understanding between information-processing
psychology and radical constructivism, thereby advancing the
science associated with constructivist theory.
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COGNITIVE CONSTRUCTIVISM
VERSUS OTHER CONSTRUCTIVISMS

For purposes of this discussion, cognitive constructivism is
characterized as a range of psychological perspectives, per-
taining to cognitive processes and representations in learning,
that can be delineated conveniently by using Phillips’s (1995)
multidimensional framework for characterizing and compar-
ing constructivist viewpoints. Phillips’s framework has three
dimensions. The first, described as the “individual psychol-
ogy” versus “public discipline” (p. 7) continuum, recognizes
that some theories are concerned more or less with how the
individual learner goes about the construction of knowledge,
whereas others are concerned more directly with the construc-
tion of human knowledge in general: Cognitive constructivist
research and practice as described here is mostly oriented
toward understanding the individual learner. This focus is not
meant to minimize the ;mportance of and need for theory that
connects individual knoWlédge construction to the evolution
of public knowledge, but rather to clarify the purposes and
limits of the discussion.

The second dimension relates to the first and differentiates
among theorists according to whether they view knowledge
construction as a socially situated or an individual process, a
dimension related to much recent debate in the cognitive
science and educational research communities (e.g., J. R.
Anderson, Reder, & Sxmon, 1996 Vera & Simon, 1993).
Driver, Asoko, Leach; Mortimer, and Scott (1994) discussed
a similar tension, dividing the sociocultural and constructivist
programs in science education. Although: Driver et al. argued
that scientific and mathematics knowledge is socially con-
structed and that science learning is acciilturation, cognitive
constructivists have been more concerned with the develop-
ment of individual understandings. Cobb and Yackel (e.g.,
Cobb, 1994a,'1994¢; Cobb & Yackel, this issue) résolved this
tension in their work by advocating a unified viewpoint that
combined social; sogipenltural, and cognitive constructivist
perspectives. They argued: that individudl cognitive processes
and sociocultural ones dre mutually impli¢ative and cannot be
studied in istlation. Cansistent with this idea, the purpose of
my discussion is to suggest a way of thinking ‘about the
cognitive representations and processes that characterize in-
dividual knowledge constuction, which is understood to
oceur in social context. As'Cobb and Yackel note, this cogni-
tive constructivist perspective brings individual eognitions to
the foreground against a background of social context.

The third dimension differentiates constructivists in terms
of the degree to which they canj i essence, be chiaracterized
as true constructivist theorists. Atone end of this scale is the
empiricist posmon that ' the mind is shaped by nature in a
relatively passive fashion: Eplstemolmgy at the empiricist
extreme is only a benchmark because itis not really construe-
tivistat-all. On the othﬁr extreme gre the most “radical” (von
Glasersfeld, 1990, p. 19) thinkers who hold that all knowledge
is perspectival, the result of purposeful ‘activity-based con-

struction on the part of learners. Between these poles are
various hybrid information-processing hypotheses that ex-
plain thinking in terms of interactions between data-driven
environmental influences on the one hand and deliberate,
reflective mental construction on the other (e.g., Mayer, this
issue; van Dijk & Kintsch, 1983). The area of this scale
encompassing information-processing and radical construc-
tivist views, and including many hybrid views in between,
identifies the range of viewpoints within mainstream cogni-
tive constructivism today.

In sum, Phillips’s framework provides a convenient means
of communicating which aspects of constructivism lie within
and without the present zone of concern, which pertains to
questions about how. individual learners represent and con-
struct: knowledge, processes I assume are shaped by social
context.

EPISTEMOLOGICAL VARIATION
WITHIN COGNITIVE CONSTRUCTIVISM

Cognitive constructivism embraces many psychological
viewpoints, ranging from models of general cognitive archi-
tectures to specific theories: about how people reason with
mental models to theories about how learning occurs with
specific problem types in specific kinds of instructional envi-
ronments. This section describes three general classes of
cognitive ‘constructivist' theory that illustrate the range of
theoretical variation that exists within mainstream construc-
tivist theory. The theoretical classes overviewed are modern
information-processing theory, radical constructivism, and
cognitive schema theory. Schema theory may supply a useful
conceptual language for bridging between information-proc-
essing and rad1ca1 psychologies. The potential benefits of
building such bridges include supporting a more detailed and
exact science of constructivist learning and teaching.

Modem Information-Processing Theory

Cognitive constructivism embraces the modern information-
processing model that evolved from the “Pittsburgh School”
of cognitive psychology, which was highly influential from
the 1970s through early 1990s. The article by Mayer in this
issue considers this theory, so my section on this perspective
will be brief. This theoretical stance is clearly constructivist
in orientation, but historically it represented a comparatively
weak constructivist hypothesis, leaning toward the conserva-
tive end of the degree-of-constructivism scale. Important foci
of this work included cognitive modeling of general problem
solving, development of domain-specific expertise, and mod-
els of general cognitive architectures. Early cognitive studies
focused largely on problem solving and emphasized the im-
portance of general problem-solving heuristics, such as
means—ends analysis. This research helped inspire and inform




an era of classroom practice based on direct instruction in
general problem-solving skills (e.g., Bransford & Stein,
1984). Later work emphasized development of domain-
specific expertise and inspired much cognitively guided
instructional practice within specific domains (e.g., Bruer,
1993).

The dominant cognitive architectural model (J. R. Ander-
son, 1983) has evolved, but it continues to describe human
memory as having both declarative and procedural (skills)
aspects. Declarative knowledge is represented as proposi-
tional networks, and skill knowledge is represented as com-
plex collections of if-then statements, called production sys-
tems. The concepts of working memory, long-term memory,
and an executive controller are central to this view. General
learning mechanisms include the processes of elaboration and
organization for declarative knowledge, composition and pro-
ceduralization for skill learning, and (recently) reflective
generalization for all learning. Models of learning and instruc-
tion for both declarative knowledge and skills are construc-
tivist in a restrictive sense. For example, skill development
requires active student engagement in practice, which results
in the gradual building up of a complex production-system
memory representing domain-specific expertise. The purpose
of training is conceived as moving students toward perform-
ance goals represented by expertise.

Information-processing theory continues to supply theo-
retical grounding for cognitive researchers (e.g., Mayer, this
issue) and teacher education (Gagné, Yekovich, & Yekovich,
1993). It continues to serve as-the basis for training design in
industry, within the military, and for several technology pro-
Jects that are successfully operating in public schools (see J.
R, Anderson, Corbett, Koedinger, & Pelletier, 1995; Derry &
Lajoie, 1993). Although instructional applications based on
this theoretical stance vary widely, a prototypical example is
J. R. Anderson et al,’s computer-based cognitive tutors, de-
signed to help students acquire skill in algebra, programming,
and geomefry-problem solving. Developing a tutor involves
conducting cognitive research to specify the expert produc-
tion-system model for the skill being taught. The expert
production system is programmed into the tutor and repre-
sents an executable model problem solver. Such models
sometimes include common buggy, novice productions, rep-
resenting misconceptions.identified by research in the do-
main, A human student’s performance on the system can then
be “diagnosed” by matching each performance step taken by
the student to a production that would be executed by the
student model under the same conditions. The system deter-
mines whether the human student has just performed an expert
production or whether the student’s move indicates a particu-
lar known bug or misconception. Depending on which pro-
duction in the model is matched by the student’s step, appro-
priate feedback is selected. Feedback directs the student
toward the problem-solving move suggested by the expert
model. Students are usually not permitted to founder or ex-
plore the problem space before they are corrected.
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Schofield, Eurich-Fulcer, and Britt (1994) studied the
effects of a large-scale implementation of a computer-based
geometry intelligent tutor within actual classroom settings.
They documented many examples of positive learning and
behavior changes for both teachers and students. Compared
to students who did not receive instruction with computer-
based cognitive tutors, students in cognitive tutor classes
exhibited substantially increased motivation. Discipline prob-
lems were reduced, and classrooms became more student
centered, with teachers shifting away from lecture methods
toward roles as facilitators engaged in shared problem solving
with students. In some respects, then, this approach has been
impressively successful in practice.

Strong Constructivism

At the most constructivist end of the scale is the strong
constructivist program, or radical constructivism (Tobin,
1990; von Glasersfeld, 1984; 1990), now a dominant perspec-
tive in science and mathematics education communities and
an influential force in current educational reform movements.
The . strong constructivist program evolved from Piaget’s
genetic epistemology, although neo-Piagetian views may de-
viate from Piaget’s original tenets. Essentially, radical con-
structivists believe that all new logical-mathematical and
concepiual understanding is constructed on the basis of pre-
viously constructed schemes. Furthermore, they believe that
reflective activity—physical, social, and mental—is the cata-
lyst that brings about cognitive structuring and restructuring.

Students. employ their knowledge structures in efforts to
construct working understandings of situations they observe
and experiment with in the world. This process involves
assimilating activity patterns to previously constructed men-
tal schemes, then using these instantiated schemes in problem
solving and other thinking. But, if real-world phenomena
cannot be understood on the basis of existing knowledge, a
state of disequilibrium is created that motivates efforts by the
students to adjust knowledge to bring it into greater harmony
with observation. From this perspective, opportunities that
provoke reflective experimentation, discourse, and negation
of .conceptual conflicts should be provided. Such environ-
ments promote assimilation and accommodation and lead to
the construction and reconstruction of knowledge.

Von Glasersfeld (1995, p. 382) wanted teachers to view
themselves as midwives who facilitate the birth of under-
standing, notas engineers of knowledge transfer. He cited two
rules of thumbs for teaching. The first is that all understanding
comes about through reflection, and reflection is a process
that students must carry out for themselves. However, a
teacher who understands where a particular student is in his
or her conceptual development has a better chance of fostering
reflective abstraction than does one who merely follows a
curriculum. Second, reflective abstraction always begins on
the basis of some form of sensorimotor activity. However,
there will never be a program of specific, recommended
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activities or manipulations because what promotes reflective
abstraction for one student may not work as well for another.
However, longitudinal studies of conceptual construction are
beginning to furnish a repertoire of potentially facilitatory
situations and tasks for instruction.

Radical constructivist epistemology accepts the view that
ontological reality is not accessible to rational human knowl-
edge (von Glasersfeld, 1990). Thus, no-individually con-
structed viewpoint-is judged as less “correct” than another,
although individually constructed perspectives-can be;judged
partly in terms of their al1gnment with consensually accepted
cultural norms. Although itis possible to transmit directly to
students the facts and ideas of a particular culture, this form
of learning tends to be regarded as trivial (e.g., Cunningham,
1992). Greater value is placed on knowledge construction that
is a product of social sense-making processes in which stu-
dents become engaged, activities involving debate, design,
and modeling. Thus, in constructivist: ¢lassrooms, specific
concepts and ideas tend not to be: taught directly through
explanation but may be:“named” as students construct them
in the context of work and discussion.

Derry, Levin, and Schauble (1995) recently developed an
introductory freshman course in statistical reasoning that
exemplified a constructivist educational approach. In the unit
on sampling distributions; for example, students were given
homework readings on' the topic, including reports of how
sampling ‘statistics were used to help judge the fairness of
hiring practices: In class, students were divided: into small
groups. Each group was given a latge camster filled ‘with
colored candies, each color reptesenting a different minority
or majority group within a population. The pepulation repre-
sented a S-year pool of applicants to-a college" program.
Students were also supplied with an envelope that contained
a sample of candies from:their jar, the sample representing
those who had been selected over the past 5 years. A flipchart
or blackboard was prowded, atid each group was asked to use
the materials supplied to determine whether or not the candies
in the envelope were the outcome of a *“fair”™ selection process.

Within two 75-min class. pmods most groups devised a
procedure that involved rep y sampling from thiejar, graph-
ing the reésulting sampling ibution on their chart, then com-
paring their envelope sample to the resulting distribution. Ulti-
mately they were ableto make areasoned intuitive judgment as
to whethet or not the composition of the sample in the envelope
was likely to occur under assumptions’ of unbiased random
sampling.-Some grou, ‘went on 1o investigate and compute a 2
SD criterion for judging sample likelit

Before reaching this stage, most groups tried a strategy of
counting all the ‘candlies in their canister to determine the
population comiposition, but then realized they did not know
how to “prove” whether the composition in the envelape was
sufficiently different from that in the canister to indicate
selection bias. This created an impasse for some groups,
leading - their instructor to suggest @ procedure involving

repeated sampling. For this strategy to be manageable, groups
first had to make a simplifying assumption that involved
grouping all “minority candies” together then reframing their
question to ask whether hiring practices were biased in favor
of or against minority candidates as a whole.

During a whole-class discussion following the exercise,
groups presented their problems and justified their solution
strategies to the class: Different groups had been given differ-
ent problem variations: The size and composition of the candy
populations anid samples were varied hetween groups, This
invited comiparisons of results, leading to questions and dis-
cussion of ‘why  somie - sampling disteibutions were .more
“spread out” than: othérs, and why some results were more
clear-cut. Through instructor questioning, many students ac-
quired an intuitive sense of statistical power. This was indi-
cated when one group, which had based its. repaated sampling
procedure on asample size smallerithan the one suggested by
their envelope, demded to repeat their procedure using the
larger sample size. The: group shared with theiclass d compari-
son of their two sampling distributions, as well as their
conclusion about the improved accuracy of their test based on

the larger sample size. -

The purpose of this class was to help students develop an
intuitive understanding of sampling distributions, ag well as
how and: why such‘ tnbutlons mlght be uaed in raal—world

ufmtmns about what @mgmnm pmcesses and
result fmm vanous 1eammg

and appmpnate
cm thﬁ:w bam of




vance this research program, a more integrative theoretical
language may be needed, one that is compatible with, can be
understood by, and will obtain support from both information-
processing and radical constructivist communities.

Cognitive Schema Theory

The concepts schema and schema change are useful boundary
concepts for constructivist dialogue because they share rea-
sonably similar meanings across research programs and have
been assimilated into the rhetoric of both radical constructivist
and information-processing communities. Radical construc-
tivists tend to understand schemas from a Piagetian perspec-
tive, focusing research and instruction strongly on one impor-
tant class of schema—logical-mathematical schemes. These
schemas have come to represent the “big ideas™ underlying
mathematics and science understanding that students must
construct for themselves, and they are distinguished from the
kinds of cultural knowledge that can easily be transmitted
through direct instruction. In this article, this viewpoint is
referred to as Piagetian schema theory, although it is under-
stood to include neo-Piagetian views that have somewhat
broadened Piaget’s original notions about schemes.

Schema theory from the information-processing perspec-
tive is called cognitive schematheory (CST). CST historically
was connected to Kantian philosophy (see Marshall, 1995),
the Gestalt movement in psychology, and Bartlett’s (1932)
treatise on remembering. Judging by citations, it owes sur-
prisingly little to Piagetian theory, although it overlaps with
and provides empirical support for various neo-Piagetian
views. CST was well represented in various volumes and texts
that appeared during the 1970s and early 1980s (e.g., R. C.
Anderson, Spiro, & Montague, 1977; Schank & Abelson,
1977; Spiro, Bruce, & Brewer, 1980), during which time it
enjoyed. a period of prominence and vitality in the United
States and was especially visible in the fields of educational
psychology, artificial intelligence, and in studies of text and
other forms of connected-discourse processing. The concepts
schema and schema-based processing continue as important
parts of the modern cognitive—instructional landscape, al-
though other terms are sometimes used for these ideas. For
example, recent research conducted from the perspective of
cognitive sociology and discourse linguistics employs the
term frame in reference to a particular type of schema (e.g.,
Tannen, 1993).

From the CST perspective, schema is a general term con-
noting virtually any memory structure. The purpose of CST
is to identify specific cognitive mechanisms that underlie
schema construction and revision. Because CST is, in fact, a
version of information-processing theory, it embraces a
number of its basic tenets and terms. For example, modern
CST psychologists believe in long-term memories that store
previously learned schemas, and working memories that rep-
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resent a person’s span of immediate attention. Thinking and
learning take place within working memory, where prior-
knowledge schemas are activated in response to environ-
mental input, providing context for interpreting experience
and assimilating new knowledge.

At least three different general classes of schemas can be
identified in recent cognitive literature. For purposes of this
discussion, these three types are called memory objects, men-
tal models, and cognitive fields. All three types of schemas
play important, mutually interactive roles in constructivist
learning environments, and an adequate constructivist ac-
count of learning must include all of them.

Memory objects. The basic component of stored hu-
man knowledge is the memory object, a schema type that
includes but is not limited to Piagetian logical-mathematical
schemes. [ make no detailed assumptions about how such
objects are characterized in memory, except to assert that
various types of representations (e.g., pictorial, declarative,
procedural, auditory, emotional, etc.) can be combined to
form a single memory object. Individuals develop memory
objects associated with the academic disciplines they study
(e.g., physics, algebra), with the kinds of social situations they
experience (e.g., attending weddings, dining in restaurants),
and with various cultures of practice to which they belong
(e.g., participating in a gang, being a scientist).

There are different kinds of memory objects. The simplest
objects considered here are phenomenological primitives, or
p-prims, defined (briefly) as basic, intuitive schemas “whose
origins are relatively unproblematic, as minimal abstractions
of common events” (diSessa, 1993, p. 105). Particularly in
early stages of cognitive development, p-prims are weakly
organized. DiSessa makes an epistemological claim that de-
velopment of scientific knowledge represents the gradual
reorganizing of p-prims.

A step above p-prims are the more integrated kinds of
memory objects hypothesized by Kintsch and Greeno (1985),
Marshall (1995), Sweller and Cooper (1985), and others.
According to Sweller and Ceoper, these objects are schemas
that permit people to recognize and classify patterns in the
external world so they can respond with appropriate mental
or physical actions. Although these schemas represent very
basic knowledge, they are complex and structured. For exam-
ple, Marshall’s arithmetic schemas incorporate many types of
knowledge, including visual cues, set relations, mapping and
planning procedures, and procedures for constructing arit-
hmetic expressions.

An even higher order type of memory-object schema is the
object family, aloosely organized collection of ideas that tend
to work together in certain types of situations. For example,
students taking a statistics test activate and use various statis-
tics ideas to solve problems. Similarly, a tennis player mobi-
lizes her tennis knowledge upon beginning play. Ideas that
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cohere in this way are included in the memory-object category
because they activate one another and in some ways behave
as single memory objects.

Mental models. Mental modeling can be viewed as a
process of constructing, testing, and adjusting a mental rep-
resentation of a complex problem or situation. The goal of
mental modeling is to construct an understanding of a phe-
nomenon.: The resulting interpretation is a mental model
schema. Previously learned schemas (memory objects) pro-
vide building blocks for modeling activity, but mental models
represent situational understandings that are context depend-
ent and do not exist outside the situation being modeled.
Mental model construction involves mapping active memory
objects onto components of the real-world phenomenon, then
reorganizing and connecting those objects so that together
they form a model of the whole situation. This reorganizing
and connecting process is a form of problem solving. Once
constructed, a mental model may be used as a basis for further
reasoning and problem solving, which may giverise to further
readjustments to the mental model. If two or more peaple are
required to communicate about a situation, they must each
construct a similar mental model of it.

Constructivist teaching techniques often engage stu-
dents in-activities: that idve -as their goal the construction
of situational mental models. The sampling distribution
instructional activity described earlier is an example of a
modeling activity that used concrete props (canisters of
candies) tosupport mental modéling of a statistical sam-
pling problem. However, the connection between mental
model construction, which issituationally and contextually
bound, and the permanent learning of memory objects is
not fully:understood; One school of thought is that model-
based learning ogcurs when there is lasting’ memory reor-
ganization. Throughrepeated modeling activities in acom-
mon domain or context, memory objects used by, students
to build models gradually form interconnections so that
more complex ideas; and cognitive systems .graduvally
emerge (e.g., diSessa, 1993).

Cognitive fields. A cognitive field, a third type of
schema, is a distributed pattern of memory activation that
occurs in response to a particular event (such as a problem
posed, a classroom demonstration, a discussion, etc.) that
makes certain memory objects more available for use than
others. Cognitive fields are very important types of schemas
because they mediate between éxperience and learning. That
is, experience triggers activation of the cognitive field, which
in turn delineates the memory- objects that are readily avail-
able for modeling the experience. The cognitive field thus
determines what interpretations and understandings of expe-
rience are probable. The cognitive field activated in alearning
situation also determines which previously existing memory
objects and object systems can be modified or updated by an
instructional experience.

Many studies of how cognitive fields affect learning were
conducted by discourse-processing researchers during the
previous 2 decades. The dependent variables in cognitive field
research were understanding and memory for text and other
connected discourse, where the concepts of understanding
and memory were highly intertwined. One i important research
procedure involved manipulating the cognitive field activated
by learners when discourse was processed, examining the
effects of such manipulations on discourse comprehension
and memory (e.g:, R. C. Anderson et al., 1977; Bransford &
Johnson, 1972; Sulin & Dooling, 1974); With this method, an
interpretive cognitive field is invoked before discourse is
presénted by: showmg subjects a picture, mentioning 4 famﬁ»
iar theme, or: selactmg subjects on the basis of their strong
prior knowladge in some subject. Over many studies; substan-
tial experimental informatioh accrued- woncering specific
cognitive machan ms. wher@by prior kncxwlﬁdge and expeti-

ation and later
y background,
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Schema types: A summary. CST as described here
holds that learning involves constructing three types of sche-
mas that interact during the learning process: memory objects,




mental models, and cognitive fields. Memory-object schemas
represent the permanent results of learning that are stored in
memory and thus constitute the population of all preconcep-
tions that a student might use to interpret any event. Cognitive
fields represent the situationally activated preconceptions
that are likely to be called on during the mental modeling
process, before those preconceptions are deliberately or-
ganized into event interpretations. Mental models are par-
ticular organizations of memory objects that constitute a
specific event interpretation.

Instructional example interpreted with schema
theory. - Thefollowing example illustrates the usefulness of
CST for understanding instruction. One of my graduate stu-
dents (Helen Osana) recently helped middle school students
develop their abilities to reason about realistic news stories
reporting scientific findings (e.g., a story about a new acne
medication). Stories provided incomplete or ambiguous data
and sometimes drew inappropriate conclusions not supported
by evidence. Her method used mentors to direct small-group
activities in which there were interpretive and critical discus-
sions of the news stories. Mentors encouraged students to
activate appropriate interpretive cognitive fields containing
target memory objects—certain statistical and critical-think-
ing concepts to which stndents were exposed in previous
instruction. During discussions of news. articles, students
were encouraged to examine what statistical inferences could
or could not be made with the statistical information given in
the news story, and to analyze and question the writers’ and
other students’ arguments about the story’s meaning. Mentors
thus guided students in-constructing appropriate mental mod-
els of news stories, models elaborated with inferences about
the strengths and weaknesses of each story’s argument.
Through repeated activation of statistical knowledge and
repeated appropriate use of that knowledge in the modeling
of news-story arguments, students were expected to learn in
the following ways:

1. When these students encounter scientific news stories
in the future, the propensity to activate statistical and critical-
thinking ideas as part of their cognitive fields should be
significantly greater after instruction, increasing the prob-
ability that statistical and critical-thinking knowledge will be
used in evaluating scientific news.

2. Previous direct instruction had left behind permanent
memory objects, but those memories were likely incomplete
or inaccurate understandings of statistical and argumentation
concepts. 'Weak conceptual structures and misconceptions
presumably were identified and changed during discussions,
a form of learning that will be discussed further in a sub-
sequent section.
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3. Over a series of discussion tasks, patterns of cognitive
activation associated with the process of building evaluative
statistical models of scientific news stories were hopefuily
strengthened. New object—farmily schemas should enable stu-
dents to deal more effectively with object-family news re-
ports and statistical issues that arise in the news.

In sum, viewing this instructional activity in terms of CST
clarified the goals of the instruction and significantly shaped
actual classroom practice and the design of the materials.

Promoting Schema Change: Resolving
Different Viewpoints

Most educational and cognitive psychologists today believe
that all meaningful learning is a form of active knowledge
construction in the sense expressed by Eisenhart and Borko
(1991):

A key assumption about student thinking is that learners play
an active role in acquiring new knowledge. They actively
mediate between teachers’ actions and their own learning
during classroom instruction. Learning occurs as they make
sense of instructional events by using their existing cognitive
structures to interpret environmental stimuli. It also occurs as
they modify and elaborate their knowledge structures through
a process of adaptation to the environment. (p. 142)

So far my discussion has focused mostly on the different
types of cognitive structures that are created during learning
and how these structures are used to make sense of instruction.
The focusin the following section is on the process of adaptive
accommiodation.

Questions about how students change their minds are of
central importance and interest to constructivist teachers and
researchers. Studies of belief change, conceptual change,
developmental ability change, and memory reconstruction all
seek to understand mechanisms whereby mind change can be
encouraged through intervention. Currently, two explana-
tions for conceptual change are being debated in constructivist
terms within the science education community. A third expla-
nation that sheds further light on the process of mind change
is derived from the verbal learning branch of schema theory.
These three views are brought into better focus when dis-
cussed in light of a CST that posits different types of schemas.
In particular, it is helpful to raise the question of which types
of schemas are being targeted by different schema-change
approaches.

Changing misconceptions. When active cognitive
fields supply “suitable” interpretive schemas for instructional
tasks or discourse, their role is to facilitate processing, espe-
cially if tasks are difficult, ambiguous, or represent problems
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to be solved. However, science education researchers in par-
ticular have been concerned with changing and improving the
conceptual systems that learners activate as a basis for inter-
preting their world. As science educators see it, the dilemma
is that students possess naive belief systems about the physical
world that may be highly resistant to change. How to design
unambiguous:instructional experiences that will bring about
adaptive accommodation within basic systems of scientific
understanding has been a ‘major thrust of recent research
focusing on conceptual change. Conceptual change research
aims to understand the cognitive mechanisms that promote
conceptual change and to develop principles for instruction
that will bring about such change.

An instructional research paradigm associated with con-
ceptual change research is the use of anomalous data to
challenge students” belief systems. Chinn and Brewer (1993)
discussed this literature in-detail; examining how students
respond cognitively when such challenges are presented as
science instruction. Studies showed that students muster
many strategies for protecung their preinstructional concep-
tions. Protective strategies iticlude discounting or ighoring
anomalous ddta, and-comp artment lizing new d1sc0nf1rm1ng
information in ‘memory’ so o that it does not interact with
challenged prior kno . Students sometimes respond to
anomalous data by making minor be f‘changes, leaving their
core theories intact. Rapid, drastic change to important core
beliefs is relatively rare and difficult to achieve.

A problem with such conceptial change research and
instruction, however, is its fmlure to clarify what kinds of
schemas are being. targeted fo‘ ge. Some studies appear
to be targeting entire belief systems, such as ‘might be con-
tained in memory»object fam . Others appear to target
more precise memory-o pts, Others appear to chal-
lenge pamcula.r pheno nterpretations, or mental
o, faulty beliefs or belief
nange. Fmally, some
propensities: One

mlght want ;studen art actw ating Concept X (instead of
Concept Y) forexplai Sntuaﬁ Due toalack of clarity
in conceptual: at axactly ischanging,
it is difficult to | zations about cog-

nitive change mecha

Misconceptions versus p-prims.. A current debate on
the mechanisms of developmental mind change pits diSessa’s
p-prims view against the conceptual change approach (Ham-
mer, 1996). DiSessa’s . g., 1993) alternative view is that
students begin physics instruction possessing a number of
loosely orgamzed pnmltlve memory objects (p-prims) repre-
senting basic intuitive ideas about the physical world, and that
‘ ndmg evolves through a gradual reor-
ganization of thcsa ’I'hus students are not viewed as possess-
ing stable belief systems that need to be challenged, but as
gradually building up organization among loosely organized

primitives. DiSessa points out that primitive memory objects
serve as valuable resources for communicating and helping
students understand science and are fundamentally “correct.”
P-prims may be inappropriately applied and combined by
students in their attempts to model a particular problem or
event, and an unacceptable mental model might result. But
this situationally specific misuse of knowledge does not ex-
emplify a fundamental misconception that is stored in men-
ory. As expressed by Hammer, “Not all-thoughts students
express need to be understood as: directly reflecting stable,
stored knowledge structures. What the misconceptions per-
spective treats as a stored construct may alternatively bs
viewed as an act of construction” (p. 102).

Hammer (1996) articulated: this. argument and: described
in detail how both points of view were active within his
personal cognitive field and thus informed his thinking as a
teacher as he mentally modeled and guided students’ class-
room discussions. He noted that both views were helpful,
although the: mwmnwptwua view seemed slxghtly more 8o,
However, Hamtier arguad that there may be ways to under-
stand mlsconcaptions as robuist but mappropriate patterns of
p-prim activation. This, he noted, would constitute a theo-
retical ‘memory model with multiple levels of ‘cognitive
structyre.

Tnifact, CST, as conceptualized here, does provide a mul-
tiple-levels theory of cognition that is compatible with both
schema-change views previously described, suggesting fhat
both types of adaptive learning take place. With respect to
uniting p-prims with misconeeptions; the CST explanation is
as follows: Memory objects begin as p-prims. Constructive
learning processes involve (a} activating cognitive fields that
mclude certam p~pfnms, thﬂﬂ (b) usmg &Elected p-prims to

memcxry obgemts and object fam:lme&) EI“ mmllar kmd@. of

the student,
organizatmn wm gradually emerge becam‘a mﬂmmy objects
that often work mgether 1o pnrform smﬂlar classea of tasks

auoum of tl’m cqgm

Although diamatic, rapid
belief shifts appear to occur under certain conditions (e.g.,
Spiro, 1977), revolutionary shifts in school are probably not

Gradual schema-change.




common. School is largely about fostering gradual schema
shifts, or developmental change over time. Insights regarding
mechanisms of gradual schema change can be gleaned from
Bartlett (1932), who studied story memory over long periods.
A current revival of interest in these studies has been accom-
panied by a new release of his best known work, Remember-
ing (Bartlett, 1932). Bartlett viewed story memories as dy-
namic, changing schemas comprising loosely structured
collections of ideas. It is interesting to note, this description
is not drastically different from diSessa’s (1993) view of
developing scientific knowledge systems. Bartlett argued that
when students were asked to recall a story, they used their
schemas as a basis for reconstructing story events that were
not actually present in memory, often due to forgetting proc-
esses. Story “reconstruction” was effortful and often imported
inferences and ideas from students’ recent lives. Bartlett’s
data showed that inferences and importations generated by
remembering were permanently incorporated into the schema
such that beliefs about stories were drastically altered after
many recollections.

To relate Bartlett’s (1932) work to schema change in
science or mathematics instruction, one must imagine a
loosely structured memory-object family, Schema X, that
contains a collection of ideas associated with a scientific or
mathematics concept (such as gravity or correlation) or infor-
mation (such as the “story” of the rain cycle). How might a
relatively disorganized, naive schema gradually become al-
tered over time by instructional experience so that it eventu-
ally supports more expert analyses and understandings? Bar-
tlett . suggested that schema  development requires that
students repeatedly activate and think about Schema X in the
context of (instructional) experiences. Although this point
may seem obvious, it emphasizes the issue that students often
compartmentalize new instruction so that neither Schema X
nor any other prior knowledge can be updated or changed by
it. It also suggests that in order for change to occur, the
instructional experience must achieve dominance over stu-
dents’ interpretations.

For example, in the middle school classes on critical
interpretation. of scientific news articles, students were re-
peatedly reminded by mentors to recall statistics knowledge
to help them interpret news articles. Thus, memory objects
associated with statistics were active in students’ cognitive
fields. But because these memory objects, gleaned from
lectures and readings, were at first vague and ill formed, they
did not provide sufficient interpretive support for building
models of the arguments in articles. Thus, the mentored
discussion about the articles, and not the students’ cognitive
fields, became the dominant interpretive force. Improvement
over time in students’ statistical understandings and use of
those understandings indicate that inferences and ideas sug-
gested during discussions were used to fill in gaps that
existed in students’ active cognitive fields, permanently up-
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dating usable statistics knowledge. This is the reversal of the
case in which prior knowledge supplies the interpretive con-
text for new experience.

Bartlett’s views of schema change are not incompatible
with views of radical constructivists, who believe students
must reflect on the fit of new experience to currently activated
logical-mathematical structures. Conflicts in fit create dise-
quilibrinm and bring about developmental changes within
those structures. However, Bartlett’s data suggest in addition
that schema change can be a more passive, gradual drift that
depends largely on such factors as the loose, vague organiza-
tion of prior knowledge, memory dominance of recent over
past experience, and the clarity and organization of instruc-
tional experience. Thus, schema change does not always
require deep reflection, direct challenges to prior beliefs, or
feelings of disequilibrium. It requires both the activation of
relevant cognitive fields plus introduction of useful, under-
standable information at critical times during the model-con-
struction process.

This analysis suggests that one condition of continuous
intellectual development is that developing schemas be acti-
vated and used frequently. An example of change to a rele-
vant, reusable schema is illustrated by the student who proc-
esses science instruction about physiology or nutrition by
selecting out certain information of interest and using it as a
basis for altering a training schema, which determines how
the student trains for field sports. Contrast this with the case
in which a student acquires, through reading text, a new
schematic memory for the terms and concepts pertaining to
physiology that might be on a science test. Later, when the
corrected test is returned, the student realizes that a misunder-
standing has occurred during reading and adjusts the new
physiology schema to reflect this correction. During later
classroom activities, further development and maturation of
the schema occurs. Then, the schema is mentally filed away
forever as “school science knowledge.”

That students actually use reading strategies designed to
help them avoid connecting school information to personally
meaningful prior knowledge was illustrated in astudy by Roth
(1986). Spiro (1977) speculated that such strategies are com-
mon and are reinforced by testing practices that require recall
of text details. If rewarded for retention of unaltered text
information, students learn quickly that relating new informa-
tion to prior knowledge and their lives in general is unwise
because it leads to the loss of required detail and to selective
alteration of new information. Although radical constructiv-
ism:-eschews such testing methods, some radical constructivist
programs share a similar dilemma because they are so highly
discipline based. The educational goal of developing within-
dis¢ipline schemas is somewhat at odds with the goals of
building connections among disciplines or making science,
mathematics, and other subject-matter learning highly rele-
vant to students’ lives beyond school.
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Constructivist Theories: Continuing the
Conversation

Cognitive constructivism has been presented not as a unique
theoretical framework, pedagogical approach, or epistemol-
ogy, but as a general, metaphorical assumption about the
nature of cognition that virtually all cognitive researchers
today accept as truth. There are many different constructivist
research programs and: theories within the cognitive commu-
nity at large, and-many differences among them. Some of
these differences represent an interesting diversity of special-
ties that is affable and potentially productive; but some rep-
resent tensions that are best résolved.

My analysis explored the idea that a hierarchical version
of schema theory might have potential for reducing differ-
ences by providing common ground for researchers from the
two major theoretical orientations within cognitive construc-
tivism: radical construetivism and information-processing
theory. These orientations currently differ in a great many
ways. For instance, radical constructivists, who represent a
major force within the mathematics and science education
communities, are. deeply influenced by Piagetian theory;
whereas information-processing theorists, who tend to be
psychologists, find hlstorlcal rgoty inboth associationismand
Gestalt psychology. Another noticeable difference is that
radical constructivists tend to be more aware of and reflective
about their philosophical and epistemological orientations
than are information-processing theorists, who tend to make
fewer philosophical statements:in their work. Radical con-
structivists. clearly. pmmote certain “political -agendas” with
respect to educational reform and advocate particular instruc-
tional techniques that are consistent with their political point
of view. Informauompnocessmg theorists, as a group, seem
noticeably less interested in the advocacy politics of educa-
tional reform but are interested in developing and testing
theory about tognitive prucesscs #nd representations in learn-
ing and in studying a wide range of learning environments
and learning outcomes from an objective, scientific point of
view. Finally, radical constructivists. tend to rely more
exclusively on observational and qualitative research tech-
niques and are seemingly less concerned with experimental
comparison and control than are information-processing
psychologists, who continue to view qualitative and ethno-
graphic techniques as mtegral parts of a scientific research
program that must ialso include controlled gxperiments,
including laboratory experiments, to help determine cause
and effect and examine cognitive, and even neural, proc-
essing in depth.

In addition to these important differences, however, there
also seem to'be differences of a “red herring” variety in that
they are not really theoretical differences at all, although they
may seem so. These include difficulties with cross-cultural
communication that can be attributed largely to language
conventions; communication difficulties attributable to work-
ing at different grain sizes, or levels of analysis, with respect

to cognitive processes; and differences that are due to a lack
of integration or as-yet-unresolved dialectics among different
theoretical perspectives.

Cross-cultural communication. 1 recently overheard
a colorful cafeteria dialogue between an eminent philosopher
cognitive scientist (PCS) and.an educational cognitive scien-
tist (ECS)." Paraphrased, it illustrates the nature of interdisci-
plinary forces-that divide constructivisms:

PCS: Yes; I connect my work to educational practice, but that
is sometimes thwarted. For example, I récently submitted a
reflective. piece to-an education journal, explaining what ]
thought were relevant, interesting findings from a line of
laboratory. experimentation and illustrating: how these find-
ings had 1mphcat10n in my niece’s eighth-grade classroom,
with whichT was recently involved. It seems that every time
Yused words like read or say in that piece; elthett an editot'or
reviewer ‘would cross' them out and write, “transmission
model!” What does transmission model! signify:to you?

ECS: [chuckle] Well, that particular journal may have a
radical constructivist:bent, an appreciation for activity<based
instruction; Othier approachies might be viewed as attemptsito
trangmit; mformaucm or cultural norms rather than help Kids
construct meanings. Perhaps they intarpreted your analysisas
representmg support for a \Imowledgwranﬁmmsmn méta
phor

PCS: [reﬂectlve pause, chuckle] Doesn’t that strike you as
a “liitle’ absurd, what with my being the Tmmanue]l Kant
Professor of Phllosophy at a “respected” [hyperbolic under-
statement] institution of higher learning? Really, now. I, and
my-acadetmic dncestors, were constructivist when construc-
tivist was not cool.

The question:begged by this example is, To what extent
are divisions-among major constructivist perspectives, such
as those named in this and other discussion forums, differ-
ences associated with chasms between philosophical or peda-
gogical belief systems, or with less fundamental but nonethe-
less troublesome difficulties inherent in communicating
across disciplinary and professional cultures? A case in point
is a terminology difference between CST and radical con-
structivism that has sometimes caused great difficulty. Radi-
cal constructivists view assitnilation and accommodation as
different aspects of a developmental learning process called
knowledge = constryction. Construction, -in schema-theory
terms, often means that prior knowledge is serving some ole
in helping one interpret present experience and is clpsely
connected to the Piagetian notion of assimilation. Schegma
change, in- schema-theory language, is reconstriction, not
construction (e:g., diSibio; 1982; Spiro, 1977); Reconstruc-
tion assumesihat priot knowladge isi bemg\rebmlt on; the/basis
of present evidence and is related to the: Piagetian conegpt of
accommodation.

| . .
Fiction inspired by an actual event.




As this example helps illustrate, it is very important to keep
in mind that different language conventions do not necessarily
signal fundamentally arguable issues, although they can and
do create misunderstandings that produce arguments.

Levels of analysis differences. We also must ask to
what extent disagreements among constructivist communities
represent differences that are better described as variations in
hierarchical levels of analysis as opposed to epistemological
disputes related to practice. This question pertains to the
widening chasim between so-called laboratory analyses con-
ducted by some information-processing psychologists versus
both real-world classroom practice and field-based research
performed by researchers who study classroom practice. This
is not to say that laboratory research is inherently good. Nor
is it a failure to recognize that classroom cognitions are
constituted by social interaction, or that the interactions of
laboratory research. settings differ drastically from those
within classroom cultures. But it is an assertion that detailed
understanding of cognitive processes is an important part of
our scientific knowledge base about teaching and learning, as
well as a recognition that it is extremely difficult, if not
impossible, to carry out fieldwork in educational settings in
ways that can achieve a sufficiently detailed account of the
processes and knowledge underlying constructivist feaching
and learning. This:point is essentially Scribner’s {1984), who
desciibed how laboratory procedures enhanced field-based
research on problem solving in work environments: “It is
questionable whether process models of practical problem
solving can be developed without reiterative cycles of both
laboratory- and non laboratory-based studies” (p. 37).

If education is a learning science, and I believe it to be so,
then educators may no more divorce their practice from basic
research on cognitive and neural processes than can medical
doctors and public health personnel divorce theirs from basic
laboratory findings. This is cirrently an important issue within
the cognitive ‘constructivist community in particular because
much relevant work in this tradition has and will continue to
take place within the laboratory; however, its connection with
radical constructivist and social practice views of research are
strained. It is between the laboratory cognitive constructivist
researcher and the classroom cognitive constructivist re-
searcher that some of our greatest gaps still exist.

Unresolved dialectics.  Another issue of importance is
the extent to which differences among theoretical perspec-
tives, both within cognitive constructivism and between cog-
nitive constructivism and other constructivisms, represent
as-yet-unresolved dialectical arguments that are constantly
moving us from old to new. For example, there is an ever-in-
creasing recognition of the need to better define the relation
between the social and the individual, although the manner in
which that relation is conceptualized is highly influenced by
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disciplinary perspective, including language. Many cognitive
constructivists today have their roots in information-process-
ing psychology, Piagetian psychology, or both, retaining
many principles from those approaches. But they are in the
process of evolving toward a theoretical perspective that
integrates sociocultural theories as well. For example, in the
reported history of Cobb’s thinking (e.g., Cobb, 1994b; Cobb
& Yackel, this issue), we see first a rapprochement between
radical constructivist and information-processing views, then
a dialectic integration of this unified cognitive perspective
with social and sociocultural approaches. Constructivist view-
points once at odds are increasingly seeking ways to merge and
combine to form stronger theories that are not only more inclu-
sive in the kinds of Jearning and interactions they. explain, but
that promote deeper and more detailed analyses of human devel-
opment and supply different but mutually compatible routes into
the study of complex sociocognitive systems such as those
encountered in educational environments,
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