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Abstract. A brief overview overview is provided of how the scaﬀolding metaphor has
been deﬁned in educational contexts. This includes a discussion of what theories guide
decision-making regarding what to scaﬀold as well as considerations as to whom or
what does the scaﬀolding (human teachers, peers and tutors or computer tutors or
support tools designed for learning environments). The scaﬀolding construct intersects
instruction and assessment in that instructors assess learners to determine what type or
level of scaﬀold is suﬃcient to help learners reach their potential. Such assessments are
dynamic and ongoing and can occur through dialogue and social interactions with or
without the use of technology. Hence scaﬀolds are provided when and where necessary
but they are also removed when evidence of learning exists. This article describes how
the contributors to this issue have extended the scaﬀolding metaphor to open-ended
technology based environments. Empirical studies are reviewed with regard to how they
extend the scaﬀolding metaphor in terms of the theories that guide the design of scaffolds, the metrics designed to assess how scaﬀolding aﬀects learning and in terms of
teaching scaﬀolding techniques to others.

Contributors to this issue provide data that support the value of scaffolding in speciﬁc instructional situations. Scaﬀolding is described in
two contexts: as performed by human teachers, tutors or peers, and
by computers. Most importantly, they deﬁne what they mean by a
scaﬀold and they provide guidelines for designing them. The contributors broaden the deﬁnitions of scaﬀolding by describing how a selfregulation framework can provide a more complete representation of
scaﬀolding and consequently enhance the learning experience. Additionally, they provide empirical research that addresses the inter-relatedness and dynamics of self regulated learning (SRL) variables:
cognitive, motivational/aﬀective, behavioral, and contextual during
the cyclical and iterative phases of planning, monitoring, control, and
reﬂection during learning from hypermedia environments. An additional contribution that these researchers provide is illustrations of
scaﬀolding of individuals as well as communities of learners.

542
A brief discussion of instructional scaﬀolding is provided ﬁrst as a
way to contextualize the contributions of this issue.
Deﬁning scaﬀolding
Scaﬀolding through human guidance
The use of the word scaﬀold has diﬀerent meanings depending on
which context one is using the term. A common deﬁnition of a scaffold, as found in the EncartaÒ World English Dictionary (Ó 1999
Microsoft Corporation) is that a scaﬀold is a temporary framework of
poles and planks that is used to support workers and materials during
the construction or modiﬁcation of a building. Once the job is done
the scaﬀold is removed. If one pushes the scaﬀold metaphor to an educational context one must assume that a scaﬀold is also a temporary
framework to support learners when assistance is needed and is removed when no longer needed. Determining what to scaﬀold, when to
scaﬀold, how to scaﬀold and when to fade scaﬀolding are core questions. These questions that are determined by the domain in question,
the tasks involved, what you want learners to accomplish and the individual diﬀerences that need to be addressed in such contexts.
The term scaﬀolding was used by Jerome Bruner (Wood et al.,
1976) to describe the process in which a child or novice could be assisted to achieve a task that they may not be able to achieve if unassisted, until they are able to perform the task on their own. This
deﬁnition was inﬂuenced by Vygotsky’s (1978) conception of the zone
of proximal development which is ‘‘the distance between the actual
developmental level as determined by independent problem solving
and the level of potential development as determined through problem solving under adult guidance or in collaboration with more capable peers’’ (p. 86). The implication is that individuals have learning
potential that can be reached with scaﬀolding provided by tutors,
parents, teachers, and peers.
A scaﬀold is, by deﬁnition, a temporary entity that is used to reach
one’s potential and then is removed when learners demonstrate their
learning. Support is calibrated for the learner and task and alters as a
learner appropriates control and encounters new challenges (Stone,
1998). Collins et al. (1989) articulated the transitory nature of scaffolding when proposing a cognitive apprenticeship model of instruction. There are four parts to their model pertaining to pedagogical
content, methods, sequence, and sociology of instruction. The peda-
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gogical methods section of their model is the most pertinent to the
discussion of scaﬀolding. Real world apprenticeship settings provide
opportunities for novices to learn from experts by participating in
tasks that lead to the overall goals of the setting (see Lave & Wenger,
1991 for a description of a tailoring apprenticeship). An apprenticeship, by nature, takes time and novices acquire skills through scaffolding by experts and deliberate practice. Likewise, a cognitive
apprenticeship takes time and the pedagogical methods must model
the cognitive skills and strategies for learners, as well as scaﬀold
learners when assistance is needed to reach their goals. Once learners
demonstrate competence, hints or scaﬀolds are removed (or faded
gradually) to ensure that learners can independently demonstrate their
competence and articulate their knowledge without assistance. Independent learning is the goal of a cognitive apprenticeship and this
independence is fostered by providing opportunities for students to reﬂect on their knowledge as well as to apply their knowledge through
explorations in new contexts.
Scaﬀolding provided through computer guidance
The above deﬁnitions of scaﬀolding also apply to the notion of computer scaﬀolding and feedback, which has its own history in the areas
of artiﬁcial intelligence and education and intelligent tutoring systems.1 There is an extensive literature on intelligent tutoring systems,
that includes the process of scaﬀolding, that cannot be summarized in
this paper but that should be considered when investigating scaﬀolding (see Sleeman & Brown, 1982; Anderson et al., 1985; Psotka et al.,
1988; Merrill et al., 1992; Corbett et al., 1997; Koedinger et al., 1997;
Shute & Psotka, 1996). Intelligent tutoring systems are designed based
on cognitive task analyses of the domains or tasks in question which
result in: the determination of an underlying model of the curriculum
and problems to be solved; an expert model(s) of performance on
such problems, and; a student model of performance that is updated
dynamically as individuals solve problems. The intelligent tutoring
system uses the student model to assess what a student knows and
needs to know and provides scaﬀolds based on this model and fades
assistance accordingly.
Another relevant area that explores the diﬀerent types of scaﬀolds
that can be provided by computers is the one pertaining to computers
as cognitive tools (Pea, 1985; Perkins, 1985; Salomon et al., 1991;
Derry & Lajoie, 1993, Jonassen & Reeves, 1996; Lajoie, 2000, 2005).
Researchers in the cognitive tools area cover a wide spectrum of
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scaﬀolding approaches that include modeling and scaﬀolding by computer and human tutors or by the structure of the tools embedded
within the computer based learning environment. Some cognitive
tools lead to deeper understanding by helping individuals actively
reorganize their knowledge (Pea, 1985), or reﬂect on their own problem solving processes, such as hypothesis generation and data collection.
Computer technology can also serve as a matching service that can
link the right type of expert to scaﬀold a particular student’s learning.
Greer et al. (1998, 2000) designed a peer help system for students in
computer science who needed assistance with their programming
skills. The system would be able to provide links to peers and tutors
who would be ‘‘ready, willing, and able’’ to help students who requested help. Once a helper was found, the student needing help and
the helper would interact on-line to help solve the student’s problem.
Greer et al. created an economy around the help system: getting help
had a cost. Helpers were paid in ‘‘credit units’’ that were internally
maintained by the students needing help (who had bank accounts
stocked by the system with an appropriate number of credit units).
Students needing help would negotiate with potential helpers as to the
cost of the help. The economy served two purposes. One purpose was
to limit the number of helpers sought by students needing help (since
there was a cost to getting help) and the other purpose was to motivate peers and tutors to make themselves available to provide help
(since help was paid for). The system had natural constraints. For instance, if a student wanted the most skilled expert to answer a question and the expert was busy he/she might charge more than a less
busy but less skilled helper would charge. The student thus determines if it is worth it to go for the best advice or to settle for hopefully ‘‘good enough’’ advice. In the long run, it was hoped that this
economy would naturally evolve to reﬂect in credit units the real costs
of helping, such as the time a helper took to give help, and would
stimulate appropriate decision making by the student needing help,
such as the seriousness of the problem the student was facing.
The role of assessment
When students do not request help a mechanism needs to be in place
for when to provide scaﬀolding. Cognitive apprenticeship models in
the area of reading, writing and mathematics (Collins et al., 1989)
speak to the issue of dynamic assessment in the sense that decisions
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are made on what and when to scaﬀold as well as when to fade (see
Palinscar & Brown, 1984; Scardamalia & Bereiter, 1985; Schoenfeld,
1985). Dynamic assessment can be described as the moment-by
moment assessment of learners while they are in the process of problem solving for the purpose of making informed decisions about feedback (Lajoie & Lesgold, 1992; Pellegrino et al., 2001; Lajoie, 2003).
Dynamic assessment implies that human or computer tutors can evaluate transitions in knowledge representations and performance while
learners are in the process of solving problems, rather than after they
have completed a problem. Immediate feedback in the form of scaffolding can then be provided to learners during problem solving,
when and where they need assistance. The purpose of assessment in
these situations is to improve learning in the context of problem solving, while the task is carried out. The advantage of dynamic assessment by computers is that information relevant to domain learning
can be captured in a continuous record of changes in knowledge,
skill, and understanding as students encounter problems of increasing
complexity (Frederiksen, 1990).
Integrating scaﬀolding provided by humans and computers
The role of dialogue and social interaction play a large role in educational scaﬀolding (Lajoie & Azevedo, in press). Evidence of this role
was demonstrated in research investigating: (a) comprehension and
monitoring activities (e.g., Palinscar & Brown, 1984), (b) student-generated self-explanations (e.g., Chi et al., 1994; Chi, 2000), (c) instruction (e.g., telling the student a fact), (d) cognitive scaﬀolding that
helps the student solve a problem on his or her own (e.g., hinting)
(e.g., Merrill et al., 1995), (e) motivational scaﬀolding (e.g., feedback
on student performance) (Lepper et al., 1997), and (f) tutor questionasking (e.g., Graesser et al., 1997). In addition to the social aspects of
scaﬀolding, technology itself when designed to provide cognitive tools,
can also serve to scaﬀold learning (Pea, 1985; 2004).
Recently, there have been two special issues dedicated to discussions about scaﬀolding, one in the Journal of the Learning Sciences
(2004) and this issue. In the former issue Pea (2004) reports on the
need for mixed initiative designs (Carbonell, 1970) that include human and computer support for learning. The suggestion is that this
mix would result in more ideal learner outcomes given that the human touch aﬀords more opportunities for building on student aﬀect
and motivation. Lepper (1988) has long proposed the need to bring
the heart (motivation) and brain (cognition) together when consider-
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ing student learning. He has systematically studied such issues as student interest, learner control, personal identity, personal challenge
and aﬀect in his research on learning. Similarly, Snow (1989) proposed an assessment model that considered individual diﬀerences in
cognitive and conative structures and their relationship to learning.
Finally, Pea (2004) reminded us that scaﬀolding must consider both
cognitive and motivational aspects of learning.
This special issue edited by Azevedo & Hadwin raises another scaffolding dimension that should be considered, namely, metacognition
and the components of self-regulation. The contributions found in
this issue are described below.
Taken together the papers in this special issue demonstrate how
theories can guide the design of both human and computer scaﬀolds.
Theories of self regulated learning, metacognition, expertise, mental
models and personal epistemologies drive the systematic assessment of
change in each of the complex settings described by the authors. Secondly, there are new methodologies documented in these papers for
coding complex learning situations within computer based learning
environments as well as for plotting trajectories of learning over time.
Lastly, computer based environments are described in multiple ways,
for instance, simulations, hypermedia, hypertext, web based distributed learning and so forth. Each contributor addresses how theories
of SRL drive the design of scaﬀolding.

Why scaﬀolding?
The premise of these papers is that learning in open ended technology-based environments, i.e., hypermedia environments, is diﬃcult
and that there is a greater chance of learners becoming disengaged if
they do not receive adequate assistance. For example, Winne and
Hadwin’s (1998) model of self-regulation has been used by Azevedo
and colleagues to examine students’ learning with hypermedia because
it deﬁnes the interplay between learner characteristics, the hypermedia
environment and the mediating self-regulatory processes. Learning
with hypermedia environments requires learners to regulate their
learning, to make decisions about what and how to learn, how much
time to spend on a task, how to access other instructional material,
when to abandon or modify plans and strategies, and when to
increase eﬀort (Winne 2001).
The papers by Azevedo et al. (2005) and Hadwin et al. (2005)
speak directly to the need for scaﬀolds in hypermedia environments
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that foster SRL. In particular, they analyze human scaﬀolding in such
contexts as a precursor to developing models that can inform the future design of computer scaﬀolds in hypermedia environments.
Azevedo et al. (2005) examine the eﬀects of scaﬀolding in a hypermedia environment designed to inform adolescents about the circulatory system. Scaﬀolds were deﬁned as tools, strategies and guides to
support students in regulating their learning. The eﬀects of three scaffolding conditions (adaptive, ﬁxed and no scaﬀolding) were investigated to determine their eﬀectiveness in facilitating changes in
students’ mental models of the circulatory system and whether or not
they demonstrate SRL (planning, monitoring, strategy use, task diﬃculties and demands) in each condition.
In the adaptive scaﬀolding condition a human tutor provides individualized support based on ongoing diagnosis of a student’s level of
understanding. Adaptive scaﬀolding, as described in the paper, matches current deﬁnitions of dynamic assessment in that scaﬀolding is
individualized and based on assessing what a student knows and
understands to ensure that the student has the ability to learn with
tutorial assistance. Additionally, the adaptive scaﬀolds are designed to
guide students’ understanding by helping them plan their learning
through activation of prior knowledge; monitoring emerging understanding by having them engage in a feeling of knowing and judgment
of learning. In contrast, the ﬁxed scaﬀolds consisted of instructions to
use a list of 10 domain speciﬁc sub-goals to guide their learning about
the circulatory system.
The coding scheme developed for the data analysis in this paper
is worthy of replication since it allows researchers to examine whether or not students demonstrate SRL in each condition. Furthermore, mental model progression was also coded to note knowledge
changes over time. Students in the adaptive and non-scaﬀolded conditions demonstrated more increases in declarative knowledge outcomes than the ﬁxed scaﬀolding condition. One might predict that
any scaﬀolding is better then none. However, it could be possible
that the students in the non-scaﬀolded condition had to work
harder in constructing their knowledge and hence recalled information more readily. Those who received adaptive scaﬀolds outperformed students in all conditions in that they demonstrated greater
shifts in mental models, increase activation of their prior knowledge more, engaged in more frequent and regulated planning, monitored their cognitive activities and progress toward learning goals,
and engaged in help seeking and eﬀective strategy usage. The ﬁxed
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scaﬀold condition demonstrated the least change from pre to post
assessment.
Based on their analyses Azevedo et al. will design a database of
computer scaﬀolds for SRL based on how human tutors responded to
student questions across diﬀerent age groups. Given that this database is based on an analysis of human tutoring of SRL it will be an
interesting test of whether human tutoring can be translated into
computer scaﬀolds in open-ended environments. The results of such
work across diﬀerent age groups will be a solid test of the model they
derived (see Azevedo et al., 2004). It might be possible that simple
prompting of SRL components and processes can make a diﬀerence if
in fact there is a way to assess the level of the students’ prior knowledge with technology prior to scaﬀolding in this fashion. However,
the type of learning tasks and outcomes should inﬂuence the eﬀectiveness of diﬀerent types of scaﬀolding. Thus, the question remains if the
same SRL scaﬀolds would be eﬀective across tasks, for example,
problem based, recall, comprehension, model building and testing of
models through simulations. Furthermore, if SR is situation speciﬁc
(Schunk, 2001) then can general SRL prompts really be eﬀective or
does each task need the type of in-depth analysis demonstrated in
Azevedo et al. research.
Whereas the Azevedo research describe situations where tutors directly scaﬀolded SRL learning the Hadwin et al. (2005) research
examined a naturalistic setting to see how SRL was appropriated over
time within a graduate course. Hadwin et al. examine each phase of
SRL as a complex interplay between learner and the social context
that frames and supports the task. In particular, they examined teacher-student discourse within the context of a research methods
course to provide evidence that students can appropriate the SR language of their instructors over the course of the year. A theory driven
discourse analysis consisted of coding the teacher-student dialogue
with regard to the presence of scaﬀolding and fading in the context of
phases (task deﬁnition, goal setting and planning, enacting, evaluating/adapting,) and facets (cognition, motivation, behavior and metacognition) of SRL (Pintrich, 2000; Zimmerman & Schunk, 2001).
Hadwin et al. describe scaﬀolding as a mechanism for relinquishing
control of SRL to students once they develop competence and mastery in a speciﬁc context. They describe scaﬀolding as a gradual withdrawal of help while others describe scaﬀolding as a mechanism for
providing assistance. As stated above, the withdrawal of assistance is
usually referred to as fading support (Collins et al., 1989; Pea, 2004;
Puntambeker & Hübscher, 2005). McCaslin and Hickey (2001) de-
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scribe teacher-student interactions as commencing with the co-regulation of learning and transitioning toward SRL. Hadwin et al. build
on this analysis in their own research describing teacher-directed regulation, co-regulation and student directed regulation to see when coregulation stops and self-regulation takes over. This coding paradigm
speaks to the socio-cultural aspects of SRL in that they are looking at
the teacher-student dialogues to see when SRL is appropiated. However, it would have been interesting to code their data using a cognitive
apprenticeship approach, examining what was modeled, scaﬀolded and
faded in the context of teaching graduate students to be independent
producers and critiques of research methods.
To summarize, Hadwin and colleagues found evidence of sociocultural perspectives of SRL transitions from teacher to student in both
facets and phases of SRL. Through their coding schemes they were
able to document scaﬀolding of SRL components and phases as well
as when fading occurred and SRL commenced. Students appropriated
SR across phases by adopting strategies and techniques used by
teachers when directly regulating the same phases. Documenting such
transitions is an important methodological step that could be replicable in other domains. As with the Azevedo research this study demonstrates that scaﬀolds are not static but dynamic entities that change
to ﬁt student needs and are taken away when there is evidence that
assistance is no longer needed.
Hadwin et al. suggest that their research on SRL could lead to the
eﬀective design of pedagogical agents that can support learners. They
recognize the challenge in designing adaptive scaﬀolds for metacognition and SRL since more research is needed to determine what scaffolds are eﬀective, when to scaﬀold, and how to scaﬀold. Eslinger
et al. (2004) made some advances in this regard, examining how a
community of pedagogical advisors or agents can assist learners over
time in the context of software designed to promote science inquiry.
Their strategy was to integrate self-assessments with pedagogical agent
support. The agents could adapt feedback based on students’ selfassessment and needs. Computer scaﬀolding can be linked to students’ own determination of needs (see Greer et al., 1998, 2000).
However, students are not always aware of what they know or do not
understand.
The Avededo & Hadwin papers provided evidence of human scaffolding of SRL with conclusions as to how such evidence could inform future computer design decisions. Puntambekar and Stylianou
(2005) describe how the computer environment itself can or can not
scaﬀold learning. Hypermedia environments can enhance learning or
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produce cognitive overload. The cognitive advantage of such environments is that viewing materials from multiple perspectives increases
cognitive ﬂexibility and interconnections (Spiro et al., 1991) however
it could also lead to cognitive disorientation (Marchionini, 1988).
Puntambekar & Stylianou designed two studies to examine learning in
hypermedia contexts, to see whether learning in hypermedia environments was more eﬀective with scaﬀolding.
CoMPASS (Puntambekar & Stylianou, 2002) is an environment designed to promote learning about force and motion through multiple
representations for learning that include concept mapping, hypertext
and text help. Study 1 was designed to examine students’ navigation
patterns using CoMPASS as a way to determine the inﬂuence of concept maps on learning. Students were involved in design-based
projects and were to make connections between hands on activities
and the conceptual information that they read in CoMPASS. Student
navigation patterns were analyzed to determine their inﬂuence on
learning and to classify paths into clusters so that support could be
presented based on a speciﬁc decision path. They deﬁned four types
of meta-navigation support based on their cluster analysis and deﬁned
support to help them monitor and regulate these processes in order to
accomplish their learning goals.
Study 2 examined the eﬀectiveness of scaﬀolding based on the path
analysis in study 1. One group received navigational scaﬀolds based on
mapping an individual’s response to a speciﬁc navigational path and
the control group did not receive support. Students in the support
group performed better than the control group on the concept mapping
task. Puntambekar & Stylianou designed a Pathﬁnder algorithm that is
used to compare navigational paths, analyze the proximity of nodes visited, as well as the trajectories. Through this methodology they were
able to identify both frequency of concepts visited, as well as the depth
of the node structure. They deﬁned richness and depth ratios for this
purpose. The richness ratio was the ratio of number of connections
made to the number of concepts visited. The depth ratio was the ratio
of scores for explanation of connections with the number of connections. The scaﬀolded map version led to more expert-like performance
in that knowledge is more tightly interconnected, deeper and richer.
They conclude that scaﬀolding knowledge structure through these types
of tools can lead to better understanding.
The results of these two studies prompt interesting questions, such
as when is the right time to provide support for monitoring navigation behavior, how much exploration time should students have
before providing support, do all learners need support? In essence, the
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need for adaptive scaﬀolding in hypertext environments is supported
by this research as well since speciﬁc problem solving paths were
scaﬀolded with diﬀerent types of assistance. The richness and depth
ratios introduced in this research provide good tools for assessing
learner growth in the hypermedia environments. These metrics combined with the pathway trajectories start to deﬁne learning in context
and how and when SRL components change over time.
In addition to the hypermedia and hypertext environments described above, Dabbagh and Kitsantas (2005) state web-based pedagogical tools (WBPT), i.e., WebCT, add another layer of complexity
to learning that requires a higher demand for SRL. They report that
achievers in face-to-face learning situations are goal oriented, use various task strategies to accomplish goals, self monitor their progress,
self evaluate, help seek and manage time eﬃciently (Zimmerman and
Kitsantas, 1999; Kitsantas et al., 2004). They voice concern that even
these students may not be prepared for the high level of SRL and
control required in web based or distributed courses (Whipp & Chiarelli, 2005). They describe both the opportunities and the complexities
of distributed course events. While these opportunities are motivating
they require SRL to achieve student goals.
Dabbagh & Kitsantas describe scaﬀolding and fading of SRL in
the context of WBPT. In particular they describe how diﬀerent categories of WBPT support diﬀerent SR processes. That is,collaborative
and communication tools support goal setting, help seeking, time management and planning; content creation and delivery tools support self evaluation, task strategies and goal setting; hypermedia tools support task
strategies;andadministrativetoolssupportselfmonitoringandhelpseeking.
These results were determined by examining student perceptions of
the usefulness of WBPT in supporting completion of course assignments and the SRL processes activated when diﬀerent WBPT were
used.
Although there is no doubt of the potential of WBPT, one must
keep in mind that it is the instructors’ use of the tools that is pedagogical rather than the tool itself. It is quite possible that what
Dabbagh & Kitsantas describe could be viewed as best pedagogical
practice rather than the WBPTs themselves. Availability of tools
alone is not enough. Such tools need to be embedded in the instructors’ pedagogical goals and made transparent to students for engagement to occur. In order for a tool to support SRL in this context
there has to be the pedagogical goal of promoting SRL. Perhaps a
more extensive discussion of the theories behind the instructors choice
of web-based learning activities, the emphasis on problem solving and
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inquiry, and exploration could reﬂect the promotion of SRL rather
than the distributed learning event or the WBPTs themselves.
On-line courses often encourage small group discussions about
course content. Choi et al. (2005) look at ways of scaﬀolding small
group discussions by providing peer-questioning strategies to facilitate metacognition while learning about turf-management. Three
types of peer questioning strategies were created – clariﬁcation or
elaboration questions, counter arguments and perspective-oriented
questions. The data analysis consisted of scoring both the frequency
of questions posed and rubrics for identifying the quality of questions. Choi et al. report that the frequency of questions increased
and clariﬁcation questions were the most dominant type of question
posed. However, no diﬀerences were found in initial answers, ﬁnal
answers, or gains across discussion sessions. Although students were
scaﬀolded in the types of questions to ask, the quality of the discourse did not improve. When students had suﬃcient domain
knowledge they were able to construct appropriate questions. However, those with less knowledge had diﬃculty constructing eﬀective
questions. Questions alone were not enough to prompt deeper
thinking.
Choi et al. conclude that explicit modeling and training of the discussion prompts prior to the study may have produced better results.
However, it seems that the questioners could have beneﬁted from
more adaptive scaﬀolding of how to scaﬀold others. Choi et al.
suggest that automatic windows for prompting questions on the types
of scaﬀold may be more beneﬁcial in the future. However, given that
prior knowledge is an issue in constructing appropriate questions
there may be a limitation in a menu driven approach to computer
scaﬀolding.

Extending the scaﬀolding metaphor through empirical research
Pea (2004) points out that computer mediation provides an opportunity for empirically testing the eﬀectiveness of whether computer scaffolds are eﬀective as well as determining rules for when to scaﬀold
and when to fade assistance. This issue points to the relevance of
scaﬀolding in technology rich environments that are used in an open
ended manner, such as hypermedia, hyper-navigation tools, internet
resource tools, and web-based pedagogical tools.
Contributors in this issue have started to extend the scaﬀolding
metaphor by elaborating the theoretical frameworks for deﬁning scaf-
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folding. Early discussions about what to scaﬀold used to center
around cognitive skills and strategies but, as reviewed earlier, there
has been a trend toward including more conative, aﬀective and motivational scaﬀolds to enhance learning. John Self at a panel discussion
in 19972 boldly stated that what we need are computers that care. Pea
(2004) reaﬃrmed this message by stating that mixed methods of human and computer scaﬀolds will more likely have the human touch.
The theoretical expansion to scaﬀolding presented in these papers
deal with SRL which more broadly speak inclusively to scaﬀolds
pertaining to cognition, behavior, motivation and metacognition.
In addition to theoretical considerations researchers conducted
empirical studies to test their predictions about scaﬀolding. Their
ﬁndings inform our understanding about scaﬀolding, how it eﬀects
learning across age groups, the appropriation of SRL over time in
naturalistic settings, peer-questioning strategies, and the eﬀectiveness
of WBPT in distributed learning events.
An additional beneﬁt that these papers present are methodologies
that can be used to document the presence and eﬀectiveness of scaffolding. Theory-driven discourse methodologies were designed to
investigate the use of scaﬀolds in developing and appropriating SRL
over time, and their inﬂuence in transitions in mental models, conceptual understanding, and quality of question-posing. Path analysis,
metrics and rubrics were all informative in this regard.
To conclude, theory and research are extending our deﬁnitions of
scaﬀolding, what it is, what we should scaﬀold, how we should scaffold, who or what should do the scaﬀolding and how we determine
the eﬀectiveness of such scaﬀolds. Given the complexity of the issue,
and the conﬂuence of terminology that informs scaﬀolding (tutoring,
feedback, scaﬀolding, assistance, embedded assessment, dynamic
assessment, diagnostic monitoring) progress is slow but steady.
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Notes
1. For those interested in these areas there are regular international conference proceedings for the Artiﬁcial Intelligence and Education (IAIED)and for Intelligent
Tutoring Systems.
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2. IAIED conference in Kobe. Volume 13, 2003 of the International Journal of Artiﬁcial Intelligence and Education has a special issue that pursues the issue of caring
for the learner in honour of John Self.
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