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Abstract. This study informs the design and development of pedagogical agents that
can flexibly support self-regulation by calibrating guidance to specific phases and facets
of self-regulated learning (SRL) as individuals encounter challenges and develop more
sophisticated understandings of the task and content. From a socio-cultural perspective
of self-regulation, we examine the transition of self-regulatory control from teacher to
graduate student during naturalistic instructional conferences. Three goals included (a)
examining teacher—student dialogue about a complex task to see if fading actually
occurs, (b) examining whether support and fading of support are calibrated to specific
phases of the self-regulatory process at a given point in time, and (¢) examining tech-
niques used for scaffolding and fading scaffolding directed toward specific phases and
facets (behavioral, cognitive, metacognitive and motivational) of the self-regulatory
cycle. Findings support a socio-cultural perspective of SRL demonstrating a transition
from teacher to student regulation across phases and facets of SRL. The paper con-
cludes with an examination of how our findings can inform the design of computer-
based scaffolds that can support SRL.

Consistent with the goals of this special issue, this paper examines the
evolution of scaffolding dialogue in face-to-face discussions. Our focus
was specifically on the evolution of naturalistic teacher—student dia-
logue as it occurred in face-to-face instructional conferences early and
late in an academic year. We wanted to understand how human agents
strategically scaffold self-regulated learning (SRL). Specifically, we
explore how learners and instructors monitor, regulate and appropri-
ate control of student self-regulation of task understanding, goal set-
ting/planning, strategy enactment, and reflective adaptation. Students
in our study were charged with the task of developing a graduate level
research portfolio that evidenced growth and competency in research
methods. Rather than comparing the portfolios themselves, or the
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effects of different scaffolding conditions, we examined change in the
ownership of self-regulatory activity evidenced in teacher—student
dialogue from early (October) to late (March) in the task completion
process.

Unlike most papers in this special issue, computers were com-
pletely absent from the instructional and scaffolding exchanges. In-
stead, our goal has been to systematically capture the ebb and flow of
naturalistic scaffolding dialogue as learners and instructors reflect for-
ward and backward in an emerging task space. We posit that this
type of naturalistic examination of scaffolding provides the necessary
information for designing pedagogical agents with the potential to
adaptively and fluidly support students at the appropriate phases of
self-regulation and with the appropriate level of support.

Scaffolding by its very nature involves “‘a form of assistance that en-
ables the child or novice to solve a problem, carry out a task, or achieve
a goal that would be beyond his or her unassisted efforts” (Wood et al.
1976, p. 90). Wood et al. emphasized that learners can be assisted by
having more capable others (parents, teachers, or peers) control some
aspects of the task while learners develop sufficient understanding and
mastery. Central to the notion of scaffolding is the gradual appropria-
tion of full control of the thinking, managing, and enacting the task at a
pace that is appropriate for the individual learner. That is, support is
carefully calibrated for the learner and the task. Support ebbs and flows
as the learner appropriates control and encounters new challenges
(Stone, 1998). Wood et al. identified ways that tutors scaffold percep-
tual, cognitive, and affective components in the learning process includ-
ing simplifying the task, focusing attention on specific features of the
task, demonstrating solutions, controlling and redirecting emotional re-
sponses, helping students focus on productive learning goals, and acti-
vating interest in the task.

Discussions about the misuse of the term ‘“‘scaffolding” to refer to
tools or structures that are constructed and deconstructed to support
student learning have been ensuing for the last few years (c.f., Stone,
1998). However, many contemporary technologies and instructional
design contexts for scaffolding learning consistently over-emphasize
the application of tools and under-emphasize scaffolding as interac-
tion involving diagnosis, calibration, and fading (Puntambeker &
Hiibscher, 2005). Scaffolding ebbs and flows, changing shape and
form as the learner grows and develops mastery of content and
processes. As a result, scaffolding is individualized and evolutionary.
Although embedded agents have been used to foster metacognition,
planning, strategy use, and motivation, we know of no work wherein
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agents engage in the three fundamental scaffolding processes of diag-
nosis, calibration, and fading.

Purpose of this study

This study was conducted as a precursor to the design and develop-
ment of tools in the Learning Kit project (Winne et al., 2004). The
goal of this project is to develop cognitive tools to guide and support
both individual and collaborative regulation of learning. More specifi-
cally, our intent was to inform the design and development of peda-
gogical agents that can flexibly support self-regulation by calibrating
guidance to specific phases and facets of self-regulated learning as
individuals encounter challenges and develop more sophisticated
understandings of the task and content.

Central to our analyses were three elements described by Punt-
ambeker and Hiibscher (2005): diagnosis, calibration, and fading.
Three goals for this study included (a) examining teacher—student dia-
logue about a complex task to see if fading actually occurs, (b) exam-
ining whether support and fading of support are calibrated to specific
phases of the self-regulatory process at a given point in time, and (c)
examining techniques used for scaffolding and fading scaffolding
directed toward specific phases and facets (behavioral, cognitive,
metacognitive and motivational) of the self-regulatory cycle.

We posit that this type of investigation of naturalistic teacher—stu-
dent scaffolding dialogue has the potential to guide the design of
computer-based pedagogical agents that have capacity to help stu-
dents develop understandings and refine strategies for understanding
tasks, setting goals and making plans, strategically engaging in a task,
and metacognitively evaluating and updating understandings of their
own self-regulatory processes. Much like an extensive body of re-
search that examines the adaptation of teaching to individual differ-
ences (c.f., Corno & Snow, 1986), we aimed to examine the
adaptation of teaching to individual differences in SRL. This study
primarily answers the question: What does research tells us about guid-
ing and scaffolding metacognition and SRL? Specifically, we examine
how teachers help students to self-regulate their learning and then
support students in appropriating control of their self-regulatory
process over time and across phases of SRL. This study is important
because it demonstrates that live tutors calibrate self-regulatory
scaffolding to specific phases of SRL and transition that support
across phases as students take ownership of their own self-regulation.
We conclude with a discussion about the last two questions that are
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central to this special issue: (1) How do our research findings guide
the development of metacognitive tools to foster SRL, and (2) What
are the challenges we face in designing adaptive scaffolds that can
intelligently scaffold self-regulation by assisting in diagnosing spe-
cific problems and calibrating support to the appropriate phase of
self-regulation.

Self-regulation in learning

Self-regulated learners are strategic learners who purposefully fine-
tune their learning approaches and beliefs to particular learning tasks
and contexts. Ideally, these learners persist when faced with challenge
and playfully experiment with their learning. SRL is a multifaceted
process. Many models of SRL have been primarily concerned with
how individuals monitor, evaluate, and regulate their own behavior,
motivation, and cognition (Zimmerman, 1990). Models of SRL
emphasize goal-directed behavior wherein goals provide standards for
monitoring (Pintrich, 1995; Schunk & Zimmerman, 1997; Zimmer-
man, 1990). Theory predicts that more sophisticated self-regulated
learners are better able to regulate and control these facets of SRL
than their less masterful counterparts (Lindner & Harris, 1998;
Zimmerman, 1990). Research has yet to adequately explain (a) how
learners regulate and control these facets at different points in the
learning episode, and (b) how scaffolding for self-regulation may be
calibrated to specific facets and phases over time and across different
types of tasks.

There are many models of SRL, each with a different focus (c.f.,
Zimmerman & Schunk, 2001). Despite the fact that four key facets
(cognition, motivation, behavior, and metacognition) are central in
most models of SRL (c.f., Zimmerman & Schunk, 2001 for a compar-
ison of models), there is some inconsistency in the ways facets (moti-
vation, cognition, behavior, and metacognition) and phases (task
definition, goal setting/planning, enacting, and evaluation/adaptation)
of SRL are conceptually integrated.

In this study, Winne and Hadwin’s (1998) 4-phase model of SRL
will be used to guide our investigation. This model emphasizes moni-
toring, regulating, and evaluating across four phases: (a) task defini-
tion, (b) goal setting and planning, (c) execution of the task and
enactment of strategies for completing the task, and (d) global evalua-
tions and metacognitive adaptations about cognition, behavior, and
motivation across prior phases. In this model, metacognition is cen-
tral to the self-regulatory cycle. Students metacognitively monitor
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their progress against standards and adjust metacognitive thoughts
and strategies accordingly. They do this within and across phases of
self-regulation. According to this model, students cycle through four
self-regulatory processes over time, focusing on task definition, goal
setting and planning in early stages of task engagement, and then
emphasizing strategy engagement and higher level evaluation and
adaptation as the task unfolds while still revisiting and refining task
definition and goal setting and planning as they go. Whether and how
teachers attune supports to specific phases of the self-regulatory cycle
has not been explored in the literature.

Recently, Hadwin (2000) has re-framed the Winne and Hadwin
(1998) model as a socio-cultural model of self-regulation emphasizing
the complex interplay between the learner and the social context that
supports and frames that task. Hadwin argues that as soon as stu-
dents are faced with a new task they engage in a socio-cultural dance
fitting the task into the context and letting the context tell the story
of the task. This study teases apart the facets of SRL (cognition,
behaviour, motivation, metacognition) from phases of SRL (task defi-
nition, goal setting/planning, enacting, and evaluation/adaptation)
introduced by Winne and Hadwin and elaborated by Hadwin to
explore ways in which metacognitive understandings of tasks and task
contexts were supported through teacher—student dialogue. Therefore,
the focus of this study is a sociocultural analysis of the development
of SRL as evidenced through teacher—student discourse about a
complex academic task.

Social aspects of self-regulated learning

The role of social context in self-regulation has evolved since the
1980s when researchers such as Corno, Collins, and Caper (1982, as
cited in Corno & Mandinach, 2004), Zimmerman (1989), and others
began to describe and research SRL as a sophisticated process related
to academic achievement. The notion that social context or environ-
ment is an important part of student’s SRL is evidenced in Zimmer-
man’s (1989) socio-cognitive model of self-regulation. Zimmerman,
building upon Bandura’s (1986) socio-cognitive theory of learning,
proposed that SRL involves personal, behavioral, and environmental
processes. Therefore, the successful completion of tasks involves per-
sonal perceptions and efficacy, as well as environmental conditions
such as support from teachers and feedback on previous problems.
Despite the centrality of social context in models of SRL, we agree
with Corno and Mandinach (2004) that times have changed in the last
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20 years to reveal (a) increased interest explaining precisely the role of
social and contextual influences on SRL, and (b) emerging models
that move social context from a component in the triadic processes of
SRL to the socio-cultural center of SRL. Some contemporary views of
SRL acknowledge external influences and the role of context as inputs
to a self-regulatory system (e.g., Meyer & Turner, 2002; Perry et al.
2002). Nevertheless, the social or contextual aspects of self-regulation
are vastly different as theories move along a continuum from more
individual constructivist to more social constructionist perspectives
(Hadwin, 2000; Meyer & Turner, 2002).

Socio-cognitive perspectives of SRL

From a socio-cognitive perspective, learners are active in interpreting
and reorganizing ideas, and the instructor’s role is to orchestrate learn-
ing. Learners are believed to be influenced by and act upon the social
context. Consistent with this view, socio-cognitive models of SRL have
viewed the individual as an active agent who strives to take control of
learning. Schunk and Zimmerman (1997) described self-regulatory
development as influenced by social and self. They suggested that learn-
ers at different stages of self-regulatory competence draw on different
social influences beginning with observational learning (modeling, ver-
bal description, social guidance and feedback), then self-imitation, and
gradually progressing to self-regulation. Modeling is the process by
which observers pattern their thoughts, strategies, and behaviors to re-
flect those displayed by one or more models (Schunk, 1998).

From a socio-cognitive perspective, SRL 1is situation specific.
Students may be very productive self-regulators in one context and
not as efficient in others (Schunk, 2001). From Schunk’s perspective,
students learn to engage self-regulatory activities by first observing
modeled behavior, then practicing that behavior in contexts where
instrumental feedback is available. Both Schunk (2001) and Zimmer-
man’s (2000) socio-cognitive models of SRL emphasize modeling and
prompting as key instructional tools for promoting SRL. Based on a
socio-cognitive perspective, we would hypothesize that teacher—stu-
dent dialogue early in a new task should be dominated with model-
ing, providing verbal description or instruction, social guidance, and
feedback. As students develop competence with the task content and
context, the development of self-regulatory control should be
evidenced by a shift from social influences to self-influences wherein
students rely on internal standards, self-reinforcement, self-regulatory
processes, and self-efficacy beliefs.
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Socio-cultural perspectives of SRL

Socio-cultural perspectives view self-regulating as a stage occurring as
children are socialized into speech patterns and practices (Gallimore
& Tharpe, 1990). According to Gallimore and Tharpe, self-regulation
exists first in the practices of adults as they model activities. Over
time, as they begin to understand how self-regulating activities relate
to one another, students begin to imitate or take on parts of the
activity. From this perspective, students are seen to be self-regulating
when self-regulatory activity appears in their own performance. Ulti-
mately, these behaviors become internalized and automatized. There-
fore, self-regulating, according to Gallimore and Tharpe, is an early
stage in the progression toward automatization of speech.

Similarly, Diaz et al. (1990) suggest that self-regulation can be
seen as a social process because it appears first in the social world
(on an intrapsychological plane) and then becomes appropriated into
a child’s way of understanding, appearing on the interpsychological
plane. Gallimore and Tharpe (1990), and Diaz et al. primarily theo-
rize about self-regulation of speech in young children; however, this
view has informed the way we approach the study of SRL in adult
populations. Diaz et al. rely heavily on Vygotsky’s notion of internal-
ization to describe the transfer of self-regulatory functioning and con-
trol from the social plane to the individual psychological plane.
Rather than emphasizing modeling, they emphasize the notion that
appropriation of SRL occurs in the context of joint problem solving.
Teachers must first create intersubjectivity where the student redefines
the problem situation in terms of the instructor or “other” perspec-
tive. Once students share the teacher’s goals and task definition, they
can begin to appropriate self-regulatory control.

From this perspective, scaffolding is a primary mechanism for
relinquishing control of SRL to students as they develop competence
and mastery in a given context. Scaffolding refers to the gradual with-
drawal of teacher’s control and support as a function of student’s
increasing mastery of a given task. A second mechanism involves
creating intersubjectivity by providing rationales and explanations of
plans, goals, and activities.

Building on similar socio-cultural foundations, McCaslin and
Hickey (2001) emphasize the role of emergent interaction where teach-
ers and students transition from co-regulating learning toward self-reg-
ulation of one’s own learning. They suggest that students begin tasks
as other— and setting-involved depending upon the social instruc-
tional environment and move toward task— and self-involved, or
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intrapersonally directed. They found that when students and teach-
ers co-regulate student’s self-evaluation, students begin to develop
realistic self-evaluations. Most significantly, McCaslin and Hickey
acknowledge that school tasks are embedded in layers of social context
and activity and that students must come to know and define goals
and also coordinate and prioritize multiple goals.

Self-regulatory ownership

Based on these socio-cultural perspectives of self-regulation, this paper
examines the transition of self-regulatory ownership or control from
teacher to student during naturalistic instructional meetings. We
hypothesize that teacher-student dialogue early in a new task should be
dominated with teacher direction in the form of instruction, elabora-
tion, and rationale for various phases of SRL. Early in task engage-
ment, students might be expected to primarily observe as the teacher
demonstrates and describes aspects of task engagement. Throughout
the paper, we refer to this process as reacher-direct regulation of learn-
ing because the teacher is either doing or demonstrating how to self-reg-
ulate. As students are enculturated in the task and task context, teacher
regulation should give way to shared responsibility for regulating learn-
ing (co-regulation). Co-regulation refers to instances when teacher guide
or prompt students to do the regulating themselves, or students request,
or prompt teachers to show them how to self-regulate. In both cases,
students begin to take ownership of self-regulatory actions and thought
but rely on the teacher to help out. And finally, as the student appropri-
ates control, self-regulatory activity should reside with the student as he
or she actively controls and reflects on self-regulatory processes and
products. We refer to this final phase as student-direct regulation of
learning, more commonly referred to as SRL.

Regardless of the social perspective chosen, there seems to be
consensus that students should learn to adopt or take control of their
own self-regulatory strategies and processes. There should be a shift
from teachers doing the regulating by providing direct instruction
and modeling toward the student taking control and demonstrating
self-regulatory competence. In this paper, we test this hypothesis and
examine whether scaffolding diagnosis, support, and fading are at-
tuned to specific phases of the self-regulatory process, not just indi-
vidual differences in the domain knowledge. In conclusion, we suggest
this investigation has implications for the design of computer based
prompts and guides for self-regulated learning.
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Description of research context

This study was conducted in a six-credit, year-long graduate course
on research methods and analysis. The course provided an introduc-
tion to philosophies and methodologies of inquiry, research design,
and data analysis to approximately 40 graduate students. A major
year-long task assigned to students in this class was to develop a
research portfolio that demonstrated growth and competence in three
main areas: (a) research methodology and design, (b) quantitative
analysis, and (c) qualitative analysis. A detailed description of the
portfolio assignment follows. The course was team-taught by three
instructors and two teaching assistants. The first author was a
primary instructor; the second author was a teaching assistant.
Course-work included class discussions, small-group work, research
apprenticeships, writing assignments, final exams and the development
of a research portfolio. Students met individually with an instructor
to review the portfolio at least three times in the academic year. In
this study, we focused on the first and the last portfolio meeting to
best capture changes from early to late in the academic year.

Participants

Ten participants (all female) from a graduate research course were
randomly selected from 30 consenting participants. Participants repre-
sented a range of skill and performance levels: grades ranged from 79
to 96 on the portfolio assignment (class M =80.56, SD=6.79), 72-89
in the course (class M=79.32, SD=6.62), and 46-89 on the final
exam (class M=72.48, SD=11.81). The grades of the randomly
selected 10 participants varied from 79 to 96% on the portfolio
assignment (class M =80.56, SD=6.79), 72-89% in the course (class
M=7932, SD=6.62), and 46-89% on the final exam (class
M=7248, SD=11.81). Although some might argue that graduate
students have achieved self-regulatory competence, Winne and
Hadwin (1998) argue that SRL is something that continues to develop
over a lifetime. As graduate students are faced with new and challeng-
ing content and processes, their self-regulatory activity and support
become central to task and content mastery. Further, Hadwin et al.
(2003) research with graduate students in research methods, demon-
strates a great deal of variability in their self-regulatory sophistication.
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Finally, graduate level learners have been largely ignored in empirical
studies of self-regulation.

Portfolio assignment

The goal of the portfolio assignment was to give students an opportu-
nity to demonstrate growth and competencies they developed in re-
search design and analysis. Following Perry’s (1998) recommendations
for the design of tasks that promote SRL, the portfolio was designed
to provide choice over challenge and tasks. Students were encouraged
to set their own goals with four constraints. First, the portfolio
should include about 30 entries representing their competency in three
areas: research design, quantitative data analysis, and qualitative data
analysis. Second, entries in the portfolio should include four pieces of
information including (a) clearly defined learning goals, (b) documen-
tation of progress towards the goal, (c) self-reflection about what the
student had learned, and (d) self-evaluation of progress towards the
goal (portfolio criteria). Third, students were required to attend four
individual portfolio conferences with an instructor or teaching
assistant. And fourth, students were required to complete four pro-
gress reports (following conferences) reflecting on the strengths, weak-
nesses, and future direction for the portfolio. The portfolio was
described on multiple occasions in class. Students were provided with
a written assignment description and a reference chapter about the
purpose and types of portfolio assessment (Spandel, 1997). Class time
was also allocated to view sample student portfolios from previous
years.

Audiotapes of portfolio conferences

Conferences were conducted mid-October (Time 1), November,
January, and March (Time 2). Each session was audio taped. For this
analysis, the first and final conferences were selected to contrast chan-
ges in SRL. Further, both the first and last portfolio conference
loosely followed the same structure: students were asked to explain
the purpose of the portfolio assignment, and describe each of the
required criteria. The rest of the conference involved students review-
ing their portfolios based on assignment criteria. Conferences were
unstructured instructional sessions guided by student’s questions and
completed portfolio entries. These sessions were intended to be geared
to individual needs. Conferences lasted from 20 to 60 minutes and
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transcript length ranged between 3000 and 8000 words. These confer-
ences were the main data source for this study.

Portfolio progress report

After each portfolio conference, students were encouraged to listen to
the portfolio conference tape and asked to fill out the portfolio progress
report. The first report listed the task criteria and required students to
(a) describe the criteria, (b) identify specific strengths and weaknesses in
their portfolio entries, and (c) describe something they could do to im-
prove the portfolio for the next conference. After Time 1, it became
clear that students were struggling to identify task criteria, so we pro-
vided details about the task criteria on the portfolio progress report.
For example, an instructor would say something like “These are the
characteristics of a clearly defined goal: (a) clearly identified and easy to
locate, (b) represents the main things learned about research methods
and analysis, (c) relates to the content and readings in the course, and
(d) demonstrates engagement with course material.”

Qualitative discourse analysis

Studying how individuals appropriate self-regulatory talk and ac-
tions requires that data be collected and examined over time.
Examining SRL as a series of events extending over time is the
only way to understand how self-regulatory competence develops
and changes (Hadwin et al. 2004; Perry, 2002; Winne et al. 2001;
Winne & Perry, 2000 ). This paper examines teacher—student dia-
logue at the beginning of an academic semester, four weeks after a
complex task had been assigned (Time 1), and at the end of a
semester, 4 weeks before that same assignment was submitted for a
final grade (Time 2).

Analysis of the portfolio conference transcripts was conducted in
four stages, loosely following the method described by Karasavvidis
et al. (2000). Each stage of analysis was dependent on the prior
stage of analysis. The same validation procedures were used across
all stages. That is, a test case (Time 1 only) was coded by the first
coder and then reviewed with the second coder before proceeding
to assign the remaining codes. The same researcher coded all
remaining data for Time 1 and all of data for Time 2. Two other
researchers then reviewed every segment and every code. Disagree-
ments were resolved through discussion between all three research-
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ers and relevant codes were subsequently re-examined across all
cases to ensure total agreement on every code for every case. Miles
and Huberman (1994) argue that this process of ‘“‘check-coding,”

namely the refining of code definitions with other researchers, is “‘a
good reliability check™ (p. 64).

Stage 1

A segmentation and coding scheme for identifying meaningful seg-
ments of teacher—student dialogue was developed. We started with
a process called segmentation by idea used by Merrill et al. (1995)
whereby all transcripts were divided into smaller units. According
to this process, the idea or purpose of an utterance, rather than
punctuation or length, guided segmentation. Each segment would
then have either a student code or a teacher code assigned depend-
ing on the purpose and the speaker. The codes used were modified
versions of those used by Karasavvidis et al. (2003). Descriptions
and examples of these codes can be found in Appendix A. If a sin-
gle teacher utterance served two instructional purposes, it was di-
vided into two segments and assigned two teacher codes. On the
other hand, lengthy monologues containing several utterances but
serving only one purpose had only one code applied. No segment
was double coded. Vague or confirmatory comments were not con-
sidered.

Stage 2

Following Karasavvidis et al. (2000; 2003), we used four main
categories of self-regulatory “ownership” (see Table 1): (a) teacher-
direct-regulation (instances when the teacher initiates and does the
self-regulatory work), (b) teacher-indirect-regulation (when the teacher
prompts to engage the student to do the self-regulatory work), (c)
student-indirect-regulation (when the student requests assistance or
information from the teacher to help self-regulate learning), and (d)
student-direct regulation (when the student initiates and completes the
self-regulatory act alone). When segments contained multiple scaffolds
or more than one speaker, appropriation of SRL was assigned based
on the main emphasis of the segment. For example, segments where
the teacher asked a question (teacher-indirect) but then spent the
segment answering the question were coded as teacher-direct rather
than teacher-indirect.
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Stage 3

We considered both the function of speech (e.g., requesting informa-
tion) and how those utterances relate to the task (i.e., content of
utterances) by identifying which self-regulatory facet was being
emphasized in each discourse segment (see Table 2). The categories
were as follows: (a) focus on thinking (cognition) including what or
how to think about the task; (b) focus on doing (behavior) including
what has to be done to complete the task; (c) focus on feeling (moti-
vation) including effort and interest related to the task; and (d) focus
on monitoring or evaluating product or process (metacognition).

Stage 4

In order to study the evolution of self-regulatory control, we looked
across all four recursive phases of self-regulation (task definition, goal
setting and planning, strategy enactment, and evaluation and adapta-
tion). The purpose of Stage 4 was to assign each segment a code
related to which phase of SRL was being emphasized (see Table 2).
Recognizing that segments coded as phase 3 enacting often included
elements of phase 4 evaluation and adaptation (students were reflect-
ing on what they had done), we decided to include only Winne and
Hadwin’s (1998) first three phases of SRL. Three phases of SRL coded
as follows: (a) task definition (defining the task parameters, context,
purpose or features); (b) goal setting/planning or segments (discussing
or constructing plans or goals for engaging in the task); and (c) enact-
ing (executing or reviewing strategies for completing the task).

Findings

To account for the fact that raw frequencies for teacher—student
dyads are not comparable across dyads, we converted raw frequencies
to percentage of total coded dialogue. These relative frequencies con-
vert all raw frequencies to a common metric that can be compared
across students. A limitation of this approach is that measures of self-
regulator ownership (teacher-directed, co-regulated, and student-direc-
ted) are not independent. Because our hypotheses focused on specific
comparison of ownership at time 1 versus time 4, and not factorial
main effects or interactions, we conducted targeted z-test comparisons
with a conservative Bonferroni adjustment.
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Socio-cultural shift from teacher-regulation to student-regulation

We hypothesized a decrease in teacher-directed dialogue, and an
increase in student-directed dialogue over time. Raw frequency counts
of number of words spoken were translated to percentage of total
words spoken by both the teacher and student in each conference.
This measure of relative frequency is sensitive to variations in the
length of conferences. Table 3 presents the mean percentage of total
words spoken by the teacher and the student at Time 1 and Time 2.
As hypothesized, we found a shift in domination of the dialogue with
teachers withdrawing and students increasing their roles in the
discussion over time. Paired samples z-tests indicated a statistically
detectable decrease in the number of words spoken by the teacher
from Time 1 to 2 (r=6.58, p < 0.025, d=2.0)", and increase in the
percentage of total words spoken by the student (r=-6.58,
p < 0.025, d=2.0).

We hypothesized an increase in student-direct regulation and a
decrease in teacher-direct regulation over time reflecting student
appropriation of SRL. We also hypothesized that co-regulation would
mediate that transition staying consistent over time. Co-regulation
comprised all instances of either teacher-indirect or student-indirect
regulation. Findings partially supported our hypothesis (see Tables 4
and 5). There was a statistically detectable decrease in the percentage
of total dialogue coded as teacher-direct regulation (t=2.96, p <0.003,
d=1.18), and a statistically detectable increase in student-direct
dialogue from Time 1 to Time 2 (r=-5.38, p<0.003, d=1.41). There
was no statistical difference in the incidence of co-regulatory activities
over time. However, co-regulatory activities played a fairly minor role

Table 3. Percentage of total and total coded words spoken by the teacher and
student

Teacher Student
M SD M SD
Time 1 Percentage of total 71.28 9.54 28.72 9.54
Total coded words ~ 3563.70 1172.26 1389.20 513.44
Time 2 53.36 8.35 46.64 8.35
Total coded words 1841.60 585.26 1576.30 491.12
Paired r-test  6.58* p<0.025 -6.58*  p<0.025

*a.=0.05, Bonferroni adjustment for 2 tests, p=0.05/2=0.025.
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Table 4. Mean percentage of total dialogue: Appropriation of SRL across phases of

SRL
Task definition Goal setting Enacting Total
planning strategies
M SD M SD M SD M SD
Teacher-Direct
Time 1 23.26 5.64 11.07  4.37 6.13 3.20  40.06 8.17
Time 2 7.29 5.74 9.59 3.33 10.17  6.19  26.79 11.28
Co-regulation
Time 1 20.511 7.10 322 711 6.20 507 2993 5.22
Time 2 6.92 3.67 6.59 3.67 16.75 5.65 30.26 8.96
Student-Direct
Time 1 14.48 5.11 2.97 3.11 12.16  4.95 29.82 8.11
Time 2 6.76 2.18 9.72  9.07  26.21 532 41.29 7.07
Total
Time 1 57.86 11.81 17.54 492 2460 992
Time 2 22.33 8.50  23.18 5.78 5449 947
Mean frequency counts of segments
Time 1 61.4 8.05 18.6 2.60 239 2.37
Time 2 18.1 2.35 18.7 2.09 438 4.14

(M=29.93, SD=5.22 at Time 1; M=30.26, SD=8.96 at Time 2) in
comparison to the dominant teacher-direct regulation at Time 1
(M=40.06, SD=8.17) and student-direct regulation at Time 2

(M =41.29, SD=17.07, see Table 4).

Shift in the phases of SRL targeted

Consistent with Winne and Hadwin’s (1998) model of SRL, we
found a shift in discourse focus across phases of SRL. There was a

Table 5. Paired Sample -test results comparing phases of SRL at time 1 and 4

Task definition Goal setting/planning

Enacting strategies Total

Teacher-Direct 6.33*
Co-regulation  6.73*
Student-Direct  4.55%

Total

12.57*

n.s.
n.s.
n.s.

n.s

n.s. 2.96*
—4.26* n.s
-7.02* —5.38*
-8.18*

*0=0.05, Bonferroni adjustment for 15 tests, p=0.05/15=0.003.
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statistically detectable decrease in dialogue targeting task definition
from Time 1 to 2 (r=12.57, p<0.003, 4d=3.01) and a statistically
detectable increase in dialogue targeting strategy enactment
(t=-8.18, p<0.003, d=3.01) (see Table 5). However, the incidence
of goal setting/planning targeted dialogue remained fairly consistent
from Time 1 to 2. Results of 16 paired sample ¢-tests, with Bonfer-
roni adjustment to alpha (c.f., Howell, 2004), confirmed this pat-
tern was consistent, regardless of who was initiating the regulatory
activities (teacher-direct, co-regulation, student regulation).

Shift in the facets of SRL targeted

Findings supported the hypothesis that discourse targeting cogni-
tive facets of SRL would become less prevalent, and metacogni-
tive facets would become more prevalent as students developed
experience and proficiency with the task. Table 6 provides descrip-
tive statistics of a shift in each facet across time; Table 7 shows
the summary of the statistical analysis. There was a statistically
detectable decrease in dialogue targeting cognition from Time 1 to

Table 6. Means for appropriation of SRL by facets of SRL

Cognition Behavior Metacognition Motivation

M SD M SD M SD M SD

Teacher-Direct
Time 1 23.76 6.29 13.70 5.49 2.12 2.43 0.69 1.07
Time 2 8.52 5.99 15.65 7.09 3.78 3.15 0.11 0.35
Co-regulation
Time 1 21.78 5.63 4.67 1.94 3.23 2.91 0.09 0.31
Time 2 9.60 4.40 12.13 5.96 9.00 3.45 0.71 1.19
Student-Direct
Time 1 14.42 5.27 9.22 4.77 4.22 2.40 1.47 1.86
Time 2 8.81 5.81 18.07 6.56 12.41 4.78 1.20 1.17
Total
Time 1 59.96 10.10 27.60 7.48 10.18 4.76 2.26 2.41
Time 2 26.92 10.26 45.85 10.07 25.19 6.18 2.03 2.07
Mean frequency counts
Time 1 62.8 7.52 28.3 2.87 10.1 1.43 2.70 0.95
Time 2 20.2 2.39 394 3.19 19.4 1.77 1.60 0.60
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Table 7. t-test results comparing facets of SRL from time 1 to 4

Cognition Behavior Metacognition Motivation
Teacher-Direct 6.62* n.s. n.s. n.s.
Co-regulation 5.41% n.s. —4.28* n.s.
Student-Direct n.s. -5.31* -5.33% n.s
Total 13.45% —-6.03* -9.27* n.s.

*a=0.05, Bonferroni adjustment for 12 tests, p=0.05/9=0.003.

Time 2 (r=13.45, p<0.003, d=3.25) and a statistically detectable
increase in dialogue targeting behavior (1=-6.03, p<0.003,
d=2.06) and metacognition (r=-9.27, p<0.003, d=2.72). How-
ever, no significant change in motivational focus in teacher—stu-
dent dialogue was found (see Tables 6 and 7). Specifically, there
was a decrease in teacher-direct regulation of cognition (1=6.62,
p<0.003, d=2.48) and co-regulation of cognition over time
(t=5.41, p<0.003, d=2.41), and an increase in co-regulation
(r=-4.28, p<0.003, d=1.81) and student-direct regulation of
metacognition (1=-5.33, p<0.003, d=2.17).

Discussion and conclusions: regulatory activity demonstrated
by teachers and students across phases of SRL

We examined the ways students and teachers regulated or co-regu-
lated learning during these portfolio conferences. To date, we know
very little about how to support, or co-regulate, across each phase
of self-regulation (task definition, goal setting/planning, or enacting
of strategies). The present study, then, provided us with a window
for sophisticated scaffolding techniques. Our findings partially sup-
ported our hypotheses that (a) in teacher—student dialogue about a
complex task, teacher’s fading from the dialogue would occur, (b)
teacher’s support and fading of support would be calibrated to spe-
cific phases of the self-regulatory process at a given point in time,
and (c) techniques used for scaffolding and fading scaffolding
would be directed toward specific phases and facets of the self-reg-
ulatory cycle.

Table 8 includes a summary of all the ways teachers and students
directly and indirectly regulated SRL across each phase of SRL.
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Teacher- and student-direct regulation

Not surprisingly, teachers directly regulated SRL by providing
instruction or information, reminding students about earlier informa-
tion and referring students to resources. These approaches were con-
sistent across all three phases of SRL. In parallel, students directly
regulated learning by providing information and elaboration across
all three phases of SRL. Students also demonstrated that they were
directly regulating learning when they made judgments of their own
learning or performance. In many ways, students appropriated self-
regulation across phases by adopting strategies and techniques used
by teachers when they were regulating the same phases.

Co-regulation (teacher— and student-indirect regulation)

Similar to the literature on tutoring (e.g., Person & Graesser, 1999)
and discourse patterns for peer mediated learning (King, 1999), ques-
tioning played a major role in teacher attempts to indirectly regulate
learning across all three phases of SRL. Teachers frequently requested
information or interpretation of the task, student goals, and their
actual enactment of strategies. In contrast to the tutoring literature,
which focuses primarily on the tutor’s role, our study also considered
other forms of co-regulation including student-indirect regulation.
Students indirectly regulated learning by directing requests to the
instructor that were similar to requests instructors made of students.
For example, students requested information and elaboration about
the task and goals. They requested judgments of performance and
learning. In these instances, students recognized that they needed
some help and asked questions specific to each phase of SRL.

Examining teacher—student discourse as a means for developing
pedagogical agents that can support student’s SRL

Hypermedia and multimedia environments often engage students in
complex learning activities. Students are confronted with a wide array
of information presented through various media, including text,
video, audio, images, and animations. Perry (1998) suggests SRL can
best be promoted in learning contexts that provide choice over
challenge and task, provide instrumental support, and promote
reflection and self-evaluation. Since hypermedia and multimedia
environments provide many opportunities for choice over challenge,
task, and direction, the challenge for educational technologists is to
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design tools that augment that challenge and task complexity with
instrumental support and opportunities for self-evaluation.

To date, a few studies have examined how teachers scaffold SRL
in the context of computer supported learning activities. Azevedo
et al. (2004) examined the effectiveness of adaptive scaffolding pro-
vided by a tutor when students were learning of complex science top-
ics with multimedia. They found that adaptive scaffolds facilitated a
shift in learner’s mental models significantly more than a set of fixed
scaffolds or no scaffolds at all. Fixed scaffolds consisted of a list of
subgoals to be followed during learning. Karasavvidis et al. (2003)
found that teacher’s supportive discourse (akin to adaptive scaffold-
ing) differed when students completed a task on the computer versus
paper and pencil.

Recent studies (Azevedo & Cromley, 2003; Biemans & Simons,
1995; Kao & Lehman, 1997; Kramarski & Hirsch, 2003) demonstrate
that adaptive scaffolding in biology, geography, algebra, and statistics
leads to enhanced student understanding in hypermedia environments.
However, designing and developing computer-based pedagogical
agents that monitor and adaptively guide metacognitive and self-regu-
latory processes still poses challenges because we do not know enough
about (1) what kinds of scaffolds are effective, (2) when to scaffold
during learning, and (3) how to scaffold in order to facilitate students’
learning of complex topics. This paper is not about computer-based
learning environments (CBLEs). Instead, it addresses a problem iden-
tified by Puntambeker and Hiibscher (2005) that contemporary tech-
nologies for scaffolding consistently over-emphasize the applications
of tools and under-emphasize scaffolding interaction that involves
diagnosis, calibration, and fading. In this paper, we shift the focus to
naturalistic scaffolding interactions to understand how to diagnose,
calibrate, and fade supports for SRL. This work was done with an
eye toward designing pedagogical agents that guide, rather than in-
struct, self-regulation.

Socio-cultural theories suggest that regulation resides first with
others (teacher-direct regulation), then becomes shared by teachers
and students (co-regulation), and finally is appropriated by students
as they take full control of their own regulation (student-regulation).

Our findings support a socio-cultural perspective of SRL demon-
strating a transition from teacher to student regulation of phases and
facets of SRL. These ten students appropriated self-regulatory control
over time. Consistent with both socio-cultural and socio-cognitive
perspectives of SRL, co-regulation in the form of teacher-indirect and
student-indirect regulation played a mediating role in the appropriation
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of SRL decreasing or fading out as students mastered particular phases
and facets of SRL. Those same co-regulatory activities then became
more prominent as students transitioned through other phases or facets
of SRL. It is important to note that this type of dynamic fading in and
fading out of instrumental support is consistent with Vygotskian
notions of scaffolding. Scaffolds, in this sense, are not static tools built
to stand alongside and support activity and then removed when the
activity is complete. Rather, they are gradually adapted and morphed
to changing shapes and needs in student’s regulatory processes. For
example, as students’ appropriated regulatory behavior and thinking
associated with task definition, co-regulatory activity and teacher direc-
ted activity did not cease all together. Instead, it was maintained at a
much-reduced level in terms of the task definition phase, and re-directed
toward other phases of SRL. This kind of dynamic movement across
phases and facets of SRL is consistent with the dynamic and recursive
nature of SRL and perhaps best supported with pedagogical tools
dynamically adapted to students’ self-regulatory competencies across
both phases and facets of SRL.

Implications for developing pedagogical agents that can support SRL

While many contemporary instructional tools continue to emphasize
scaffolding as a critical component of computer-based learning envi-
ronments (e.g., Aleven & Koedinger, 2002) the types of scaffolds and
the dynamic application of those scaffolds across time remain out of
the purview of many of these tools. For example, technologies de-
signed to deliver course material (e.g., Blackboard and Web CT)
integrate a number of scaffolding tools such as collaborative commu-
nication tools, calendars, tools to help students track their grades,
and organize course materials Yet these technologies overlook the
role that diagnosis, calibration, and fading play in scaffolding instruc-
tion (Puntambeker & Hiibscher, 2005).

Even Web-based pedagogical tools (WBPT) like those described by
Dabbagh (2005) which aim to scaffold metacognitive skills like self-
reflection, social negotiation, and self-observation do not take into
consideration the way in which individual self-regulatory needs might
moderate and mediate the effectiveness of those scaffolds. While
research on strategic learning and computer-supported scaffolding is
converging (Azevedo et al., 2005; Dabbagh, 2000; White, et al., 2005)
our findings highlight the increasing need to calibrate learning sup-
port across a range of self-regulatory activities and phases.
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Our findings have four implications for the design of computer-
supported pedagogical agents with potential to assist in diagnosing
specific problems and calibrating support to the appropriate phase of
self-regulation. First, we must design pedagogical agents and other
computer-supported tools for learning that target specific phases and
facets of SRL. Drawing on King’s (1999) work about discourse
patterns for mediating peer learning, we might begin to explore the
types of questions (e.g., requests for information, evaluation) that are
characteristic of each facet and phase of SRL. This paper has taken
initial strides to identify some patterns, although much more work is
required in this area.

Second, we must direct pedagogical agents and tools toward attun-
ing support to appropriate phases and facets of SRL at a given point
in time. This means collecting precise data about the degree to which
students have (a) accurate and complete understandings of tasks (task
definition), (b) goals and plans in place for task completion and
improvement, and (c) strategies for enacting the task. The kind of
support, questions, and information students use and the degree to
which students are ready to appropriate self-regulatory behavior and
thinking can differ radically across those phases of SRL. It is not
enough to provide static tools targeted at each phase of SRL (such as
a progress report) because students need to learn to use those tools to
enhance their own learning at a given point in time. It cannot be
assumed that students progress through these phases in a linear fash-
ion mastering one phase and then moving on to another. Our findings
support Winne and Hadwin’s (1998) model of SRL demonstrating
that although the emphasis shifts away from earlier phases (e.g. task
definition) as time progresses, it is continually revisited by students as
they regulate learning.

Third, research needs to compare the effectiveness of static versus
dynamic computer-supported tools for facilitating the appropriation
of self-regulatory activity at different phases and across different fac-
ets of SRL. Consistent with the computer-based scaffolding literature
that currently exists, we expect that some static tools will be ade-
quate for some phases and facets of SRL. However, it is the intro-
duction, adaptation, and maintenance of the more dynamic
pedagogical tools that poses the greatest challenge to computer-sup-
ported learning environments. Perhaps computer-supported static
tools for mediating peer interactions hold promise for dynamically
supporting the appropriation of self-regulatory behavior and think-
ing. For example, tools to support student help seeking, and tools to
mediate student learning through questioning (e.g., King, 1999) may
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provide means for supporting peer mediated learning where ques-
tioning tips and scaffolds are provided both for knowing how to ask
for help (taking on student-indirect role) and prompting students to
regulate learning (taking on teacher-indirect role). In this way, peers
dynamically regulate for one another, and engage in co-regulatory
activities as they move toward appropriating self-regulation them-
selves. It is important to emphasize that in designing tools to sup-
port self-regulation. We must keep in mind that our goal to move
away from doing the regulating for the learner and towards the lear-
ner’s regulating for him or herself. For students in this study, this
meant offloading self-regulatory behavior and thinking to others tem-
porarily until students were ready to appropriate and direct their
own self-regulation.

Finally, work still needs to be done in terms of designing measures
of SRL that are sensitive to these dynamic changes in SRL across
phases, facets, and time. Winne and Perry (2000), Perry (2002), and
Pintrich (2000) have all identified the measurement of SRL as a
challenge for the field. Examining SRL as a series of events over time
is the only way to capture changes in both the appropriation of self-
regulatory behavior and thinking, and changes in the type and degree
of support that is useful for students at a given point in time. Good
measures of SRL as a dynamic and emerging process provide neces-
sary data from which to design pedagogical agents with potential to
support SRL; these measures, however, are also necessary for exam-
ining the effectiveness of those same agents. Data from our study
show that although patterns of appropriation of SRL across phases
and facets emerged when we examined aggregated data (mean per-
centages of total activity), there also existed a great deal of individual
variability. One of the characteristics of scaffolded instruction is that
it is targeted to an individual students zone of proximal development.
In this case, our goal should be to develop and measure the effective-
ness of pedagogical agents that can target support to the individual’s
self-regulatory needs, rather than designing for an aggregated mean.
This type of individualized support is only possible if we can measure
and assess changes in student’s self-regulatory development in a
timely and efficient manner.
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Note

'An alpha level of .05 was used for all statistical tests and the Bonferroni procedure
was applied to adjust for the number of tests. Adjusted p values are reported
throughout.
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