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Iam perhaps not the only one who feels that the concept of scaffolding has become so
broad in its meanings in the field of educational research and the learning sciences
that it has become unclear in its significance. Perhaps the field has put too much of a
burden on the term, and we need a more differentiated ontology to make progress.
Perhaps scaffolding has become a proxy for any cultural practices associated with
advancing performance, knowledge, and skills whether social, material, or repro-
ducible patterns of interactivity (as in software systems) are involved. This is surely
too much complexity to take on at once. Given these burdens at the level of a scien-
tific account of learning by the individual, I feel it is premature to be extending scaf-
folding considerations by metaphorical extension to the level of a whole classroom
oflearners oreven to a cultural level, as Davis and Miyake (this issue) suggest in their
introductory essay. I first see whether I can garner some clarifications and leverage
fromuses of the term scaffolding for specific instances and classes of its uses by indi-
vidual learners (where the articles in this issue focus their attention).

As with many such concepts that are felt to have useful power in theoretical and
practical schemes, it will be worthwhile to do some historical excavation, identify
and circumscribe the early uses and roots of the concept, and then determine
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whether in the rich body of work that has developed since its origins roughly 30
years ago one can craft a conceptual map relating scaffolding and its many affili-
ated concepts such that the vitality of the issues raised in its initial conceptualiza-
tion can be preserved and even extended.

My goals for this article were to first provide a personal view on the history of
scaffolding and related concepts in its semiotic field and to then develop a frame-
work for what I believe to be its definitional core and contrastive terms and the pri-
mary issues and opportunities they present for us as learning scientists and educa-
tors. I then consider the contributions made and the issues raised in this issue’s
collection of articles in terms of this framework. Reading the articles themselves
will be important for the reader, as my goal is not to review them here but to refer-
ence them. Collectively, the four articles by Reiser, Quintana et al., Tabak, and
Sherin, Reiser, and Edelson (this issue) provide illuminating conceptualizations
that help advance the theory of scaffolding for instructional support, primarily
with a focus on learning how to do scientific inquiry in the middle to high school
grades. They offer a distinction between “structuring” and “problematizing”
mechanisms of scaffolding for student work (Reiser, this issue), a scaffolding de-
sign framework encompassing an impressive array of categories around different
components of scientific inquiry illustrated with many software systems (Quintana
et al., this issue), the concepts of “distributed scaffolding” and “synergy” between
different components of distributed scaffolding (Tabak, this issue), and an analyti-
cal framework arguing that scaffolding should be conceived of as a comparative
analysis to be performed on learning interactions (Sherin et al., this issue) rather
than software features or situations. There is much to be learned from these arti-
cles, as they provide a synoptic view of scaffolding research in science learning.

I'recall first becoming aware of the concept of scaffolding when I was a doctoral
student in Jerome Bruner’s laboratory on South Parks Road in the Department of
Experimental Psychology at Oxford University around 1975. The context was one
in which a number of graduate students, postdocs, and visiting fellows (including
Catherine Urwin, Michael Scaife, John Churcher, Alan Leslie, Chris Pratt, Alison
Garton, Renira Huxley, Kathy Sylva, and later visiting students Alison Gopnik and
Susan Sugarman) were studying the ontogenesis of language and thought and es-
pecially the emergence of syntax from the early protolanguage and single word pe-
riod of child language. Yet others were studying imitation, perception, play, and
other developmental phenomena. We regularly read papers together, had a lively
weekly seminar series, and reviewed and analyzed video data and its interpreta-
tions together.

The term scaffolding was one introduced by David Wood with Jerry Bruner and
Gail Ross in an article published in 1976 and the related idea “in the air”” among our
Oxford group was one that Jerry called “formats.” The notion was that one of the po-
tential explanations for how it is that babies acquire meaning in early parent—child
interaction is that there are regularly structured situations in which the range of
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meanings is actually quite limited and that these simple formats provide a highly
constrained situation in which the child can bootstrap some of the conventions of
turn taking and meaning making with words that are required of a language user
(e.g., Bruner, 1975a, 1975b, 1977). Bruner and Sherwood (1976) illustrated this line
of argument using data from peekaboo interactions between a mother and child.

In Wood et al.’s (1976) article, the term scaffolding was first used, and it de-
scribes how an interaction between a tutor and a child concerning how to construct
a wooden pyramidal puzzle employs “a ‘scaffolding’ process that enables a child
or novice to solve a problem, carry out a task or achieve a goal which would be be-
yond his unassisted efforts” (p. 90).

Formats for early language thus provided a form of scaffolding for learning to
use words and the acquisition of meaning.

Inboth of these conceptualizations, whether mother—infant interaction in the ser-
vice of language development or for the development of the puzzle-solving behav-
iors described in the Wood et al. (1976) article, the first thing to notice is that the situ-
ations of learning are neither formal educational nor “designed” in the traditional
sense of the term (evenif the puzzles were designed, as Tabak, this issue, notes). Such
interactions as we were studying were ones we conceived to be naturally occurring in
an informal context and an expression of one of the socioculturally grounded activi-
ties typical of at least some families in Western societies. Needless to say, the scaf-
folding achieved in these mother—infant encounters was not computer mediated.
The work that the concept scaffolding is intended to do in these psychologists’ ac-
counts of human development is to bring to one’s attention the function that particu-
lar behaviors on the mother’s part appear to play in enabling the performance of a
more complicated act than would have otherwise been possible. In this sense, scaf-
folding appears to be an apt turn of phrase as both noun and verb—noun because it is
astructure, guided in specific form by tacit assessment of achild’s independent capa-
bilities and needs, and mounted temporarily on the learner’s behalf until the child can
self-sufficiently produce the behavior on his or her own—and verb because scaffold-
ingisalsoaprocess because different aspects of an activity will need to be scaffolded
in the conduct of performance over time unless independent performance is
achieved. If the parent continued to do such structuring once the child becomes capa-
ble of autonomous activities, one would find it strange.

It was also current at the time for our Oxford Group and others such as Wood’s
group at Nottingham to be reading and thinking about the philosophy of language
and accounts more broadly of the psychology and development of language. We
were reading attempts by Patricia Greenfield (Greenfield & Smith, 1976), John
Dore (1972), Elizabeth Bates (1976), and others to make sense of how it is that in-
fants come to speak not only single words but also eventually sentences. So ac-
counts of how to do things with words (J. L. Austin), of speech acts (J. Searle), of
word meaning-as-use (L. Wittgenstein), and of functional accounts of language in
the development of thinking (Vygotsky, G. de Laguna) were of vibrant interest to
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us. We wanted to know how the baby cracked the linguistic code and became able
to do productive things with words in interaction, and we were unsatisfied with
Chomsky’s (1966) nativist account of language acquisition.

It is in this vein that the role of Vygotsky’s (1978) concept of the zone of proxi-
mal development (ZPD) in conceptualizations of scaffolding is noteworthy. De-
fined as the zone of activity in which a person can produce with assistance what
they cannot produce alone (or can only produce with difficulty), the ZPD concept
depended on a view of human development that had a number of important and
distinctive properties.

The first central property is Vygotsky’s (1962) sociohistorical conceptualiza-
tion of the development of language and concepts. Unlike Piaget, who was a ge-
netic Kantian arguing for the child’s construction of the necessary categories of ex-
perience (time, space, causality) from largely individualistic interactions with the
physical and representational worlds (Toulmin, 1972), Vygotsky as a Marxist was
quite apposite to the view that human nature is a given. As Marx Wartofsky (1983)
famously pointed out, there is solid historical evidence of the world’s construction
of the child as much as the child’s construction of the world: “Children are, or be-
come, what they are taken to be by others, and what they come to take themselves
to be, in the course of their social communication and interaction with others” (p.
190). I took this argument to provide a vital issue for human learning augmented
with information technologies:

According to this theory, human nature is not a product of environmental forces, but
is of our own making as a society and is continually in the process of “becoming.”
Humankind is reshaped through a dialectic, or “conversation” of reciprocal influ-
ences: Our productive activities change the world, thereby changing the ways in
which the world can change us. By shaping nature and how our interactions with it
are mediated, we change ourselves. (Pea, 1987, p. 93)

Second, as Vygotsky would have it, psychological development progresses
from an interpsychological to an intrapsychological plane—it is through the
child’s experiences of participating in activities that are initially externally accessi-
ble that the structures and content of mental life that can be played out internally
become possible, an account reminiscent of Wittgenstein’s (1958) conception of
learning as participation in “forms of life”:

The very essence of cultural development is in the collision of mature cultural forms
of behavior with the primitive forms that characterize the child’s behavior.
(Vygotsky, 1981, p. 151)

It was perhaps not until Michael Cole, John-Steiner, Scribner, and Souberman’s
translation and publication of selected Vygotsky essays in the landmark 1978 vol-
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ume, Mind in Society: The Development of Higher Mental Processes, prompting
the philosopher Stephen Toulmin (1978) to call Vygotsky “the Mozart of Psychol-
ogy,” that the fertility of the ZPD concept was made broadly evident to Western
psychologists and educational theorists. Michael Cole collaborator Joe Glick’s
(1983) chapter on “Piaget, Vygotsky and Werner” helps set a context for the arrival
of this work on the American scene and why it took root so quickly in an intellec-
tual environment in which “fixed capacity” conceptions of intelligence were losing
favor. Glick distinguished “Vygotsky I” of Thought and Language (Vygotsky,
1962), a book that Vygotsky assembled himself during his lifetime, and “Vygotsky
II” of Mind in Society (1978), an editorial construction selected for its contempo-
rary relevance to American psychology. (I cannot explore this distinction here, but
I recommend it to interested readers, especially those not enamored by the “inter-
nalization” metaphor with which Vygotsky has come to be identified whereby cul-
tural influences are interpersonally inculcated and subsequently “internalized.”)

In Mind in Society (Vygotsky II), the underlying conceptual object appears to be the
manner in which sign systems transform organism—environment relations and the
means by which mind becomes socialized (Glick, 1983, p. 43).

Glick (1983) noted that the editors depicted these concepts by making several
observations after first quoting Vygotsky:

“The specialization of the hand—this implies the tool, and the tool implies specific
human activity, the transforming reaction of man on nature...the animal merely uses
external nature, and brings about changes in it simply by his presence; man, by his
changes, makes it serve his ends, masters it. This is the final, essential distinction be-
tween man and other animals.” Vygotsky brilliantly extended this concept of media-
tion in human—environment interaction to the use of signs as well as tools. Like tool
systems, sign systems (language, writing, number systems) are created by societies
over the course of human history and change with the form of society and the level of
its cultural development. Vygotsky believed that the internalization of culturally pro-
duced sign systems brings about behavior transformations and forms the bridge be-
tween early and later forms of individual development. Thus for Vygotsky, in the tra-
dition of Marx and Engels, the mechanism of individual development is rooted in
society and culture. (Vygotsky, 1978, Introduction, p. 7)

Glick (1983) also highlighted the importance to American psychology of
Vygotsky’s process-oriented approach to evaluating mental capacity in Vygotsky’s
conception of ZPD testing. Vygotsky’s (1978) focus on the social foundations of in-
dividual higher mental functioning is exemplified in the ZPD concept, which he de-
fined as the distance between a child’s “actual developmental level as determined by
independent problem solving” and the higher level revealed in “potential develop-
ment as determined through problem solving under adult guidance or in collabora-
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tion with more able peers” (p. 86). Vygotsky provided examples of children with
equivalentindependent problem solving who, when dynamically assessed, have dif-
ferent ZPDs, and he considers the level of potential development more relevant for
instruction than the actual independent developmental level.

By the time of a widely read Rogoff and Wertsch (1984) volume on Children’s
Learning in the “Zone of Proximal Development” (also see Wertsch, 1978, who
cited Wood et al., 1976), the ZPD was becoming a fundamental component of the
learning and education research literature.! Inspired not only by Vygotsky but
work in a similar vein by the clinical psychologist Reuven Feuerstein,2 Ann Brown
and colleagues (e.g., Brown & Ferrara, 1985; Campione, 1989; Campione &
Brown, 1984, 1990; Campione, Brown, Ferrara, & Bryant, 1984; for their connec-
tions with Michael Cole’s “Laboratory for Comparative Human Cognition,” see
Cole & Griffin, 1983) were working on what they called “dynamic assessment” in
which a cascading sequence of hints was provided to enable a dynamic assessment
of how much support a learner needed to complete various benchmark tasks.

A preeminent example of work in this era was Scardamalia and Bereiter’s
(1983, 1985) research using what they have called “procedural facilitation” as a
pedagogical technique to support the use of more advanced writing strategies (also
see Applebee & Langer, 1983, on “instructional scaffolding” for reading and writ-
ing). Procedural facilitators were at first physical note cards with lead-in compo-
nents to sentences that were designed to provide structuring devices to scaffold the
young writer’s writing activities and as such were explicit models of more ad-
vanced forms of writing. There was no question in this work that the procedural fa-
cilitators were intended to be but a temporary adjunct in the writing process. Pea
and Kurland (1987) reviewed the state of the art at this period in bringing together
developmental understanding of the writing process with the new computer writ-
ing tools of adults and industry toward what they called “developmental writing
environments” that would directly facilitate the development of writing skills and

! As reported in Gindis (1997), Educational Resource Information Center (managed by the U.S. De-
partment of Education) records revealed three times more references to Vygotskian research in educa-
tion than Piagetian research.

2Reuven Feuerstein is a clinical psychologist who studied with Jean Piaget and has for years been Ed-
ucation Professor at Israel’s Bar Ilan University. Feuerstein’s inspiring work on the social and cultural
conditions for modifiable intelligence was rooted in his experiences in the 1940s as codirector and teacher
in the School for Disadvantaged and Disturbed Children in Bucharest and his work with child survivors of
concentration camps. Feuerstein’s theory of structural cognitive modifiability and the Feuerstein method,
which he calls “instrumental enrichment” involves emergent practices of dynamic assessment in which he
places so called retarded children and adults (many with Down’s syndrome) with often dramatic learning
results in what he calls “shaping environments” that provide structured mediation to enrich the quality of
their interactions with others such as parents, teachers, caregivers, and peers so that their experiences can
be grasped and integrated meaningfully (e.g., Feuerstein, Hoffman, Rand, & Miller, 1980; Feuerstein,
Rand, & Hoffman, 1979; also see Kozulin & Rand, 2000; Lidz, 1987). For more recent work on dynamic
assessment, see Pellegrino, Chudowsky, and Glaser (2001).
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not only be useful for text production (see Pea, 1987, for a related analysis of cog-
nitive technologies for mathematics learning). Inspired by these efforts, Hawkins
and Pea (1987) developed the INQUIRE software system for inquiry process sup-
ports in bridging children’s everyday and scientific thinking with modules such as
Questions, Notes, Schemes, and Patterns.

I believe that the seeds for the diffusion of the concept of scaffolding are already
latent in Vygotsky’s (1962) influential writings, for unlike the child language and
play work from Bruner, Wood, and others in which the concept was developed as a
prospective mechanism of human development in naturally occurring activities
and not designed or technologically mediated ones, Vygotsky’s conceptions of hu-
man development brought together the informal and the formal, the natural and the
designed, to achieve his theoretical ends. For in Vygotsky’s (1962, 1978) view,
even the naturally occurring interactions in which the mother scaffolds the baby
were culturally constituted productions with a history that made them akin in kind
to the more historically recent instructional interventions in formal education by
which we seek to teach a scientific view of concepts. So scaffolding was destined
to become a concept, fueled with a Vygotskian (1978) sociohistorical view of de-
velopment, which is applied so broadly as to encompass features of computer soft-
ware (e.g., Tikhomirov, 1981; Pea, 1985a, 1985b), curriculum structures, conver-
sational devices such questions, and physically literal examples of scaffolding the
learning of a complex motor activity like tennis (in which one may physically as-
sist the novice tennis player, helping position the body, arm, and racket to facilitate
a sense of making a first racket stroke). Nonetheless, there are noteworthy differ-
ences between the ongoing cultural practices of a community in which informal
scaffolding takes place in adult—child interaction patterns and the scaffolding in-
corporated in formalized activities within systems of designed books, software,
materials for learning and other artifacts crafted specifically to promote learning
activities.

I believe that we have two primary axes for organizing the theoretical contribu-
tions to supports for the processes of learning. One axis is social and most con-
cerned with interactive responsiveness that is contingent on the needs of the
learner, providing resources that enable the learner to do more than he or she would
alone. The other axis is fechnological and about designed artifacts, written about
so articulately in Herbert Simon’s (1969) The Sciences of the Artificial.

For many of the contributions to the theory and research on human develop-
ment, learning, and education, these two axes may be more or less dominant in
their conceptualizations. For early language and conceptual development, I argue
that the social conception of between-people scaffolding and support for learning
is not primarily about the uses of technological artifacts but about social practices
that have arisen over millennia in parenting and other forms of caring.

More recently, as computer tools have become increasingly used for supporting
learning and educational processes in school and beyond, the concept of scaffold-
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ing has been more commonly employed to describe what features of computer
tools and the processes employing them are doing for learning.

The theoretical challenge is that for humankind, tools and symbolizing technolo-
gies (such as written language and number systems) are among our most significant
cultural achievements and, as such, they have become part of the cultural resources
that we utilize to propagate society across generations, providing significant
value-added to the social processes of between-people support and caring in the
learning process. Also, in online learning environments that are mediated by com-
puter technologies and computer-based versions of symbolizing technologies for
representing linguistic, mathematical, scientific, and other concepts and relation-
ships—but nonetheless incorporating between-people support components—the
ways in which scaffolding is made possible are extraordinarily diverse.

These two threads of social process and tool/mediating process in the scaffold-
ing concept came together most noticeably for Western conceptualizations of
learning and education through the translated writings of Vygotsky in Thought and
Language (1962) and Mind in Society (1978). Perhaps as Bruner wrote the Intro-
duction to Thought and Language for publication in 1962, his first encounters with
Vygotsky’s considerations in these newly translated writings came to play a semi-
nal role in his later work with Wood and Ross and in language development as
well. Vygotsky’s concerns were also carried forward in the work of his students
Luria (Cole, 1978) and Leon’tiev (1981) and in activity theory since that time (e.g.,
Engestrom, 1987; Engestrom, Miettinen, & Punamaki, 1999) as well as cultural
psychology more broadly (Cole, 1996).

FRAMEWORK FOR THE DEFINITION OF SCAFFOLDING

Like several of the authors in this special issue, I find it productive to return to the
discussions of scaffolding in Wood et al. (1976) and to consider current work on
scaffolding in this light. There are several components to this definition, which I
call here the what, why, and how of scaffolding. The what and why of scaffolding
may be considered together, and the how of scaffolding can be taken separately.
First, as to the WHAT and the WHY of scaffolding: Scaffolding situations are
those in which the learner gets assistance or support to perform a task beyond his or
her own reach if pursued independently when “unassisted” (Wood et al., 1976, p.
90). Right away, one can see how fundamental aspects of this founding sense of the
term differ from the work reported in the four articles in this issue. In the scaffold-
ing activities of the adult when working with the child in the Wood et al. study,
there is a diagnosis of the learner’s proficiency and an adaptive level of support that
is provided by the adult, with the temporal dynamics of the scaffolding process im-
plying cycles of comparison between the assessed level of performance the learner
is exemplifying at any moment in time and the level of scaffolding that is respon-



SOCIAL DIMENSIONS 431

sively provided and with the dynamic of the process proceeding through such dy-
namic assessment cycles toward the learner’s autonomous performance. Stone
(1993, 1998a, 1998b) has also highlighted the dynamic nature of the scaffolding
process dependent on cycles of assessment and adaptive support. A fundamental
aspect of the scaffolding process was thus considered to be what only later came to
be called “fading” of the scaffold, to use the term that I believe was introduced in
Collins, Brown, and Newman (1989) and used by many others since:

Once the learner has a grasp of the target skill, the master reduces (or fades) his partici-
pation, providing only limited hints, refinements, and feedback to the learner, who
practices successively approximating smooth execution of the whole skill. (p. 456)

Such fading, I argue, is an intrinsic component of the scaffolding framework:
Without such a dismantling mechanism, the kinds of behaviors and supports that
have been more recently described as scaffolding actually reflect the much more
pervasive form of cognitive support that enables what some call “distributed cog-
nition” (e.g., Hutchins, 1995) and what I have called “distributed intelligence”
(Pea, 1993, 2002).

From this perspective, the main sense of distributed intelligence emerges from
the image of people in action whose activity is enabled by the configuring of dis-
tributed intelligence. However, that intelligence is distributed across people, envi-
ronments including designed artifacts, and situations. This is in contrast to intelli-
gence viewed as a possession of the individual embodied mind. I thus describe
intelligence as accomplished rather than possessed. As I (Pea, 1993) noted in my
chapter on distributed intelligence and education

There are both social and material dimensions of this distribution. The social distri-
bution of intelligence comes from its construction in activities such as the guided par-
ticipation in joint action common to parent—child interaction or apprenticeship, or
through people’s collaborative efforts to achieve shared aims. The material distribu-
tion of intelligence originates in the situated invention of uses of aspects of the envi-
ronment or the exploitation of the affordances of designed artifacts, either of which
may contribute to supporting the achievement of an activity’s purpose. (p. 50)

I believe that clearly delineating the boundaries between scaffolding with fad-
ing and more general distributed intelligence without fading is a central problem
for the learning sciences and for education, and the argument structures and war-
rants used in marking these boundaries will be informative—as well as conten-
tious. So many new forms of human activity that involve computing would be sim-
ply unachievable without the computing supports enabling the acts of distributed
intelligence. Fading is simply out of the question. People cannot do the activities
without the technologies, or it becomes meaningless to ask whether they can do so.
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If the support does not fade, then one should consider the activity to be distributed
intelligence, not scaffolded achievement. I return to this core issue later on.

Second, as to the HOW of scaffolding, the Wood et al. (1976) article was espe-
cially useful in defining several of the properties for how such assistance func-
tioned for the learner. These properties fell into two primary groups, with short-
hand names I use for them (not used by Wood et al.):

1. Channeling and focusing: Reducing the degrees of freedom for the task at
hand by providing constraints that increase the likelihood of the learner’s effective
action; recruiting and focusing attention of the learner by marking relevant task
features (in what is otherwise a complex stimulus field), with the result of main-
taining directedness of the learner’s activity toward task achievement.

2. Modeling: Modeling more advanced solutions to the task.

Although channeling and focusing appear to be closely related, they may be
distinguished in the following way: Whereas the scaffolding process of channeling
reduces the degrees of freedom for the task at hand, there is nonetheless the poten-
tial for the learner not to be focusing on the desired task component or property in a
temporal sequence of task-related behaviors. So the scaffolding process of focus-
ing is a more restrictive, limiting aspect of scaffolding.

CRITICAL CONSIDERATION OF THE ARTICLES IN THIS
SPECIAL ISSUE

In the remainder of my commentary, I reflect on the issues raised in the four arti-
cles in terms of the scaffolding concept and its relation to distributed intelligence
and raise questions that I feel warrant continued attention toward making advances
concerning this central concept in the learning sciences and instructional theory.

The WHAT and WHY of Scaffolding

It is significant that the dynamic assessment intrinsic to the scaffolding framework
that I have outlined, which was integral to the original Wood et al. (1976) definition
of the term, is absent in the software systems that are described in the articles in
this issue as is acknowledged by the authors, for example, Reiser (this issue): “The
sense in which tools can scaffold learners under such conditions are clearly quite
different than expert teachers who can tailor their advice to an assessment of the in-
dividual learner state” (p. 298). Thus, the microgenesis of scaffolding processes
evident in the problem-solving support by the adult as the child works on the pyra-
mid puzzle or in the peekaboo games characterized by Bruner and Sherwood
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(1976) or Cazden (1979) is not an ingredient to the presumed scaffolding of these
software systems.

The reasons for this absence are apparent and noted by authors such as Reiser
(this issue): Our field simply does not have the design knowledge as yet for how to
provide diagnostic assessment that is responsive to what the learner needs for such
complex cognitive tasks as the conduct of scientific inquiry. Intelligent tutoring
systems for procedural domains such as algebra problem solving or geometric
proof, by contrast, do seek to reason about the states of individual learners and pro-
vide next-step, responsive support. Reiser (this issue) thus observes how “the ap-
proach in the scaffolded cognitive tools has been to embed support within the sys-
tem as prompts or represented in the structure of the tool itself,” leaving adaptation
“under the control of the learners who can explore additional prompts or assistance
available [or] attempt to follow or work around the system’s advice” (p. 298). The
scaffolding need in this case might even be called metascaffolding: If the learner
does not know how to structure their problem-solving process for productive in-
quiry, how is it that they are expected to know how to decide among nonadaptive
choices for scaffolding? They need scaffolds for the scaffolds. This may be a use-
ful locus of teacher support in what Tabak (this issue) in her article calls “synergis-
tic scaffolding” when students are using such software.

Nonetheless, Reiser’s (this issue) effort to distinguish what he calls the “struc-
turing” and “problematizing” aspects of scaffolding bears closer scrutiny on the is-
sue of adaptive support vital to the scaffolding definition. Reiser seeks to explain
by what “mechanisms” a software tool provides scaffolding for learners and what
model will account for how the tool has benefited learners. Reiser (this issue) dif-
ferentiates two such mechanisms: task structuring (“guiding learners through key
components and supporting their planning and performance” [p. 273]) and content
problematizing (“tools can shape students’ performance and understanding of the
task in terms of key disciplinary content and strategies and thus problematize this
important content” [p. 273]).

Reiser’s (this issue) goal is to make the problematizing mechanism of scaffold-
ing a more central issue for our attention in scaffolding theory and design, and this
is quite significant, as it could lead to productive uses for the scaffolding concept in
instructional activity design. Reiser distinguishes structuring tasks to make them
more tractable from shaping tasks for learners to make their problem solving more
productive. I found this distinction hard to maintain as I worked through reviewing
either the software systems he describes or those of the other articles. For example,
the same tool features may both simplify and problematize by focusing learners on
task components that they have not yet accomplished. Reiser (this issue) defines a
broad array of characteristics that he believes create problematizing conditions for
scaffolding including directing attention of the student toward an issue that “needs
resolution,” a triggering of affective components such as “creating interest” in ad-
vancing understanding, establishing a sense of “dissonance or curiosity,” and more


 


434 PEA

generally, “engaging students.” In the end, I started to see that I could identify ex-
amples of task simplification without problematization, and so I grant that any ex-
istence proof for the value of the distinction Reiser wants to make provides warrant
for his distinction. Yet it remains an open empirical question under what condi-
tions it is that a specific scaffolding feature and affiliated scaffolding process work
to problematize tasks for any given learner depending on the nature of the tasks;
the learner’s background knowledge, capabilities, and interests; and the social con-
text. As Reiser (this issue) notes, “the social context of collaborative problem solv-
ing is often integral to the problematizing nature of the tool” (p. 289), which sug-
gests that the problematizing brought about by scaffolding is less a mechanism in
the tool than a social function of its interpretation in the particulars of the discourse
of a learning situation.

I also was not sure what Reiser (this issue) meant by mechanism. For physical
tools, a mechanism is a method, procedure, or process involved in how something
works. For learning, one is familiar with proposed mechanisms of learning, such as
assimilation—accommodation (Piaget, 1952) or knowledge compilation (Ander-
son, 1983). However, I found the hybrid use of the term confusing, as it is used
interpretively to mark what Reiser as theorist believes to be what is happening for
the learner as the software scaffolding features are used in the conduct of a com-
plex task of inquiry. So it is neither about a descriptive feature for a physical tool
nor a proposal about an internal mechanism for learning but a hypothetical charac-
terization concerning how (external) scaffolds work for (internal) learning. When
mechanism is used in this way, it is important to ask what will count as evidence for
claims concerning how scaffolds work.

Reiser (this issue) provides illustrative examples of problematizing student
work in characterizing how, as students interact with high school biology scaffold-
ing tools and create artifacts, they are constrained to using important epistemic fea-
tures of the discipline embodied in software menu choices: “Rather than just writ-
ing down their explanation, the tool forces them to consider how to express their
hypothesis and its support within a disciplinary framework such as natural selec-
tion” (p. 291). Even with examples of student discourse when using this software, I
could still not determine what data counts as evidence in support of a claim for any
given instance that a particular feature of a scaffolded cognitive tool functioned to
scaffold learning in terms of one, the other, or both of these two proposed mecha-
nisms. However, the distinction has promise and can be developed in its empirical
grounding in future work.

The Sherin et al. article in this issue also usefully foregrounds the need for the
comparative analysis intrinsic to the scaffolding process definition in Wood et al.
(1976). Perhaps because the call for papers requested conceptual work rather than
empirical studies, Sherin et al. (this issue) do not provide any empirical data on this
count except for their occasional reference to comparisons of the “hypothetical be-
havior of learners with and without the innovation” (p. 398). A challenge for the
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learning sciences to work on what kinds of data and analyses will help us better un-
derstand the role of scaffolding processes using software tools toward the targeted
autonomous performances.

The HOW of Scaffolding: Channeling and Focusing,
Modeling

Channeling and focusing in the articles. The articles offer many exam-
ples that illustrate the channeling function of scaffolding learner activities includ-
ing systems dynamics model-building task decomposition in Model-It™, inquiry
process scaffolding using Knowledge Integration Environment or Progress Portfo-
lio, planning notations, progress maps, and constrained epistemic forms such as
“what T know” and “high level question” in Computer-Supported Intentional
Learning Environments. Reducing task complexity is a function of many of the
categories of scaffolding defined by Quintana et al. (this issue) such as process
management guides for mapping complex stages in an inquiry process with re-
minders and guidance toward progress and task completion. Reiser (this issue)
also describes how some tool components automate the execution of some of the
task components. Many of the software features described in the articles also focus
a learner’s attention by marking relevant task features to maintain directedness of
their activity toward task achievement.

I found the category system comprising seven scaffolding guidelines and 20
scaffolding strategies in Quintana et al.’s (this issue) article quite interesting and an
impressive formulation of an exceptionally complex field of software systems and
their uses for science instruction and other areas of learning. As one point of meth-
odology, it would seem important to develop interrater reliability data on classify-
ing software systems or specific instructional practices in terms of these guidelines
and strategies. As with any classification, even one done with the merits of a com-
bination of top-down and bottom-up analysis such as this one, only time will tell
whether these categories (forms of scaffolding) merit distinction as their uses are
put to the test in design, analytic, and empirical work. What looks good as a theo-
retical distinction may be moot—or not—for the learning that results from its de-
ployment in specific subject matter domains and implementation situations (e.g.,
depending on the teacher’s roles, learning in groups rather than individually, stu-
dent backgrounds and interests, etc.).

Reiser (this issue) describes how both features of the software tools and the arti-
facts produced by students in using them reveal the problematizing mechanism of
scaffolding insofar as the tools students use to access, analyze, and manipulate data
are structured so that the implicit strategies of the discipline are visible to students
and in that the work products created by students are designed so as to represent
important conceptual properties of explanations in the discipline (these features re-
flect scaffolding Strategy 2b and scaffolding Guideline 2 in Quintana et al., this is-
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sue). Reiser (this issue) characterizes these issues in terms of the Galdpagos
Finches software, which enables learners “to investigate changes in populations of
plants and animals in an ecosystem and serves as a platform for learning principles
of ecosystems and natural selection” (p. 286). The software scaffolds embody two
different strategies for examining ecosystem data: through time longitudinally or
cross-sectionally (by some dimension such as male—female, young—adult). The
empirical question one may ask is whether the forced choice of strategies in using
such templates to produce the students’ artifacts yields continued uses of the strate-
gies and expressions of the discipline’s strategies in artifacts once the student is no
longer using the tool.

Thus, the general issue with which I am concerned is whether students using a
constrained set of forms for producing the work artifacts of scaffolded scientific in-
quiries are “parroting” back disciplinary forms of thinking rather than performing
with understanding of what they have created (like the horse Clever Hans was doing
when he seemed to be counting and doing arithmetic but was being scaffolded by
subtle cues from his owner; Pfungst, 1911). It remains an empirical issue whether
Reiser’s (this issue) having “tools force them into decisions or commitments re-
quired to use the vocabulary and machinery of the interface” results in learners who
attend to such structural features of knowledge and inquiry strategies in the science
domain without such scaffolding around. Another software system called Animal
Landlord distinguishes “observations” from “interpretations” (a preferred scientific
practice and epistemic distinction) as students look at animal behavior videos, and
the artifacts that they produce require use of this distinction. Once they have used this
system, what is known about whether students are more likely offline to spontane-
ously differentiate observations from interpretations in their uses of scientific in-
quiry strategies and distinctions?

Modeling in the articles. There are numerous scaffolds described by the au-
thors in this issue that seek to establish in both inquiry process and product artifacts
a model for more developmentally mature scientific inquiry forms of activity. I see
two issues of concern here. My first issue is where is the data in support of the
model attr