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ABSTRACT

1

To learn how to self-direct research, students must learn to reflect
and improve upon a diverse set of metacognitive skills. Models
like Agile Research Studios (ARS) provide ecosystems of tools and
processes designed to help students hone their reflection skills as
they practice research. However, students still struggle to enact
their reflection processes across the supports available to them, as
mentors coach them to do. MindYoga integrates a process framework that helps students monitor and enact their metacognitive
reflection process across an ARS ecosystem. Findings show students
using MindYoga were (1) able to monitor which metacognitive risks
may affect their upcoming project work, (2) able to develop action
plans based on mentor feedback to address these risks, and (3)
actively reminded of their action items during relevant practice
sessions. Moving forward, process frameworks like MindYoga can
help learners develop and improve their work processes as they
practice within learning ecosystems.

For novice student-researchers, learning to reflect on their ways of
working is fundamental to improving how they learn, practice, and
approach new problems [1–3, 13]. Researchers agree that reflection
is an essential skill that drives metacognitive development in expert
learners [10–12]. Literature suggests that expert learners enact a
metacognitive reflection process, where they monitor, evaluate, and
focus their ways of working as they practice. For example, an expert
learner may identify that they often forget upcoming deadlines,
which means they are frequently rushing to complete their deliverables. They may address this by introducing the use of a planner,
sprint log, or to-do list to their work processes. Agile Research Studio (ARS) introduces a learning ecosystem for student-researchers
that is designed to develop these metacognitive reflection skills
as they learn to self-direct research work [18]. ARS scaffolds the
reflection process through a series of tools, venues, social structures,
and processes (i.e. a metacognitive goal setting process at the start
of term, a weekly meeting for planning feedback, a mid-term and
end-of-term self-assessment tool, an end-of-term metacognitive
reflection feedback session). Together, these components weave
together as a subsystem, designed to scaffold students in metacognitive reflection as they practice research in the ecosystem.
While learning ecosystems like ARS may provide a rich set of
supports to help students practice metacognitive reflection, we
have observed that students still struggle to monitor and improve
their metacognitive process across all of the supports available
to them. This occurs because students often lack awareness of
the risks in their metacognitive practice and how to practically
address these risks as they work. Prior work has produced systems
that are designed to improve students’ metacognitive skills, such
as template-based systems and cognitive tutors. While templatebased systems can provide structure that guides a student in a
metacognitive process, they lack awareness of the state of a specific
user’s metacognitive skills and provide the same type of scaffolding
to all users, irrespective of their unique practice needs at the time.
Cognitive tutors can give real-time, tailored feedback to a student,
but are often limited to discreet, detectable metacognitive behaviors.
To help students better monitor and improve their metacognitive reflection process across the available supports, we introduce
MindYoga, a three-part process framework that guides students
to monitor their metacognitive processes, evaluate strategies they
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can use to improve these processes, and implement these improvements in practice. MindYoga integrates into the existing learning
ecosystem as three scaffolds: (1) an on-action dashboard to help
students and mentors review the students’ metacognitive strategies
across weeks, (2) the 4-box model to develop a plan to address risks
based on mentor feedback, and (3) in-action cues to point students
towards practice opportunities. Based on a 2-week pilot study with
four student teams and three mentors, we found that MindYoga was
able to guide students through the metacognitive reflection process
as they practiced research. Students were able to (1) monitor which
metacognitive risks may affect their upcoming project work, (2) develop action plans based on mentor feedback to address these risks,
and (3) be actively reminded of their action items during relevant
practice sessions. These findings suggest that process frameworks
like MindYoga can guide students to monitor for metacognitive
challenges and act on opportunities to improve their practice, as
experts coach them to do. By integrating into a learning ecosystem,
such process frameworks can scaffold students to fully leverage the
many supports available to them as they practice.

2

BACKGROUND

Cognitive psychology defines metacognition as the ways in which a
person reflects on and improves their problem solving strategies [4,
5, 11, 12]. Researchers who have studied metacognitive practice
across disciplines assert that reflection is the essential skill that
drives metacognitive improvements in expert learners [10]. Further,
literature on metacognition and deliberate practice suggests that
expert learners reflect and set specific practice goals as they work,
where they focus their efforts on the most critical gaps in their
skills and practices [3, 7–10, 16, 17]. When expert learners practice
reflection as they work, they iterate by (1) monitoring for key risks
in their ways of working, (2) evaluating specific strategies they can
practice in response, and (3) selecting specific strategies to apply to
their practice that overcome their most critical risks [3, 7–10, 17].
Often, such expert practices are learned through a combination of
observation, coaching, and practice alongside an expert mentor [6].
While effective, this 1:1 training is not scalable when mentoring
resources are limited.
Research has explored how technical systems might support students in improving metacognitive practices. Some existing systems
take a template-based approach which provides a structured process
that learners can use to practice and improve upon a metacognitive
skill. For instance, Digital Ideakeeper provides a template that outlines a generalizable synthesis process (i.e. skim, read, summarize)
for students learning to conduct online research [14]. However,
template-based systems typically provide the same scaffolding for
each student, irrespective of the unique metacognitive risks each
student faces. To illustrate, a student writing a research paper may
need to focus on improving their helpseeking abilities by asking
for peer feedback more often. Another student running a study
may need to improve their planning skills when allocating time for
follow-up interviews. While template-based systems can provide
helpful structure to scaffold a student’s metacognitive practice, they
are limited in the tailored support they can provide to students.
Other systems like cognitive tutors can adapt to the individual
metacognitive behaviors of students by monitoring and sending
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real-time feedback on their metacognitive processes. For instance,
HelpTutor is an adaptive cognitive tutor system which improves
helpseeking behavior as students work through geometry problem
sets [15]. HelpTutor monitors for when students click the “hint”
button as they work through a problem, and provides students
real-time feedback on their helpseeking strategy (e.g. if students
do not attempt the problem first, they are prompted to do so before
asking for a hint). While these systems can monitor and respond
to a student’s metacognitive practice, they tend to only support
specific behaviors (i.e. requesting help before attempting a problem)
in specific areas of metacognition (i.e. help-seeking). Further, these
systems are not designed to detect metacognitive behaviors that are
difficult to identify automatically. For example, within helpseeking,
it is much more complex to define and quantify why a student
asks for help or how they formulate their help requests, which
are important to improving their overall helpseeking process. For
novice student-researchers seeking to improve their practice, it’s
important that scaffolds can flexibly adapt to the variety of complex
metacognitive strategies that are requisite for leading research
work.

3

NEEDFINDING

Within an Agile Research Studio (ARS), students have access to a
number of supports designed to scaffold the metacognitive reflection process (i.e. a weekly planning meeting, a process of setting
term-long metacognitive goals for the term, a mid-term and an
end-of-term self-assessment tool, and a final reflection feedback
meeting). At the beginning of the term, all students set a metacognitive goal that they want to focus on throughout the term and a
project goal they want to reach by the end of the term. Mentors
coach students on metacognitive practice during weekly planning
meetings. During the mid-term check-in, students independently
reflect on their progress towards each of these goals using the selfassessment tool, and meet with mentors to get feedback on their
plan for the remainder of the term to reach these goals. Finally, the
students use the self-assessment tool at the end of term to reflect
on if they were successful in reaching these goals, and get feedback from mentors in their final reflection meeting. Together, these
supports are designed to scaffold students to monitor and improve
their ways of working. Despite these existing supports in an ARS
ecosystem, we observed that students still struggled to connect the
parts of their metacognitive practice across these supports in the
ways their mentors coached them to do. Below, we discuss two
practical process breakdowns that we observed in formative rounds
of needfinding and prototype testing with students.

3.1

Lack of Awareness of Metacognitive Risks

We observed that novices often have trouble monitoring their ways
of working because they lack awareness of how their metacognitive
processes impact their project work week-to-week. During weekly
planning meetings, students often struggle to identify risks in their
metacognitive practices and only cite practical risks that relate
directly to their project work. Based on interviews with project
teams, we learned that students focused on risks such as: “lack of
prototype”, “designing a user study to test our prototype”, and “our
findings section [of our end-of-term paper] is still weak”, and often
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Figure 1: An overview of the MindYoga process framework. Three scaffolds (on-action dashboard, 4-box model, and in-action
cues) work together to help students monitor, evaluate, and practice better metacognitive strategies each week.
didn’t recognize how their ways of working may also be risky. Even
when mentors raised a metacognitive risk to the student as feedback,
we observed multiple instances of students still focusing on the
practical feedback that directly references their project work instead.
For example, we interviewed a mentor and their mentees separately
after a planning meeting. The mentor paraphrased the feedback
they gave in that meeting as coaching the student to believe in
themselves as an “expert designer”. They told the student, “You don’t
have to take baby steps” because the student already had a lot of
the knowledge and expertise they needed. However, the student
interpreted the same feedback as: “[They] gave us feedback on ways
to collect data on conversations surrounding various situations [using]
prior research...like using what we already know from our experience
with user studies so far, talking with friends etc.” Here, we see that
the students are focused on the practical risks of how to synthesize
what they already know from their previous design work on the
project. However, the mentor’s feedback is much more focused on
the novice’s process: that they do not have to “take baby steps” in
their research process and that they should believe in the knowledge
they already have, rather than designing a new study.
: “I gave them feedback on believing in themselves as expert designers. I told them ‘you don’t have to take baby steps’ and that you
already have a lot of the knowledge and expertise you need.”

3.2

Failure to Identify Metacognitive Practice
Opportunities While Working

We also observed that students in an ARS have trouble evaluating metacognitive strategies and applying these strategies to their
ways of working after they have identified a metacognitive risk.
Students were often unsure of how to turn a metacognitive risk
into a practical task that can improve their ways of working while
also making progress on their project. In our early prototyping,

we found that students often captured strategies to address their
risks that were too broad and not easily actionable (e.g. I should
“helpseek better”). This makes it difficult for students to implement
better metacognitive strategies because it is unclear how they can
and should implement these changes in their practice (i.e. what
does practicing “better” helpseeking look like in the context of this
student’s project?). Even if students were able to identify their most
critical metacognitive challenge and select an appropriate and specific strategy to overcome it, they commonly reported forgetting
to implement this strategy in practice. For instance, students may
intend to use the strategy in an upcoming work session, but by the
time it arrives, we observed that they often forgot what the strategy
was, which prevented them from ever implementing it.

4

THE MINDYOGA FRAMEWORK

We introduce MindYoga, a process framework that scaffolds students to monitor and improve their metacognitive practice as they
work. MindYoga integrates into existing ecosystem supports, guiding students to explicitly capture the metacognitive risks and strategies that mentors implicitly raise via existing reflection tools and
processes. The MindYoga framework is implemented as three scaffolds for each stage of reflection within the ecosystem: (1) the
on-action dashboard that scaffolds students in monitoring their
metacognitive skills, (2) the 4-box model that scaffolds students in
evaluating their plans to improve their ways of working, and (3) the
in-action cues that scaffold students in incorporating these plans
into their practice (see Figure 1).
The on-action dashboard integrates into the existing planning
view that is used to discuss project risks during the planning meeting, and gives users a place to monitor their metacognitive skills
and identify their risks alongside their project details across weeks
(see Figure 2). To overcome challenges of lacking awareness of their
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Figure 2: An example of the MindYoga dashboard view. The dashboard integrates into a view used in weekly planning meetings.
The augmented view highlights to students the alignment between their metacognitive and project risks for the week, their
action item that will help them mitigate both, and their takeaway learnings for their project and their process. In each row,
students can see their progress week- to-week.
metacognitive risks the dashboard helps students keep track of their
metacognitive risks alongside their project risks week-to-week. The
dashboard not only shows a history of the student’s project and
metacognitive risks, but also shows the student’s planned strategies to practice, and an area where they can reflect on how they’ve
overcome both risks that week. Using the dashboard, students can
zoom out to monitor how their metacognitive and project progress
evolves across weeks.
The 4-box model integrates into the weekly planning meeting to
help students evaluate their metacognitive process as they discuss
their project plan with their mentors during the last 10 minutes
(see Figure 3). At the end of their planning discussion, students first
capture their interpretation of the mentor’s overall feedback (see
top), and are then guided to parse out the project feedback from
the metacognitive feedback (see left and right sides). At this point,
mentors can validate, correct, or expand upon their feedback, ensuring accurate interpretation. Students are then guided to develop
a specific action plan that addresses their metacognitive risks in
their project work (see bottom). The action plan section requires
students to describe a task that addresses both risks, how this task
addresses both risks, and a specific upcoming opportunity where
they can practice this task. This structure guides students and mentors to explicitly discuss the metacognitive risks and strategies most
relevant to their upcoming project work. Notably, this approach
captures the tailored mentor feedback on metacognitive practice
that generalizable templates may miss, and automated systems may
struggle to detect (e.g. a mentor can observe that while a student is
great at requesting help at appropriate times, they are struggling to
formulate their help requests and, therefore, are unable to receive
the help they need).
The in-action cues consist of a Slack notification integrated into
team channels to remind them of their action plan during the practice opportunity they indicate in their action plan (see Figure 4).
The cues aim to scaffold students to practice improved metacognitive reflection processes at the opportune practice moments they
self-identify (e.g. during their next work session). By sending a

cue to the student during the opportunity they identified in their
4-box model, they are actively reminded of their action plan when
they plan to enact it. Unlike cognitive tutors that are limited to
detectable metacognitive practices, this approach carries forward
the student-specific practices, validated by mentors, that would be
useful for that student to attempt in the moment. The in-action cues
take the following structure, with each message using the following
input from the 4-box model to remind students of their personal
action plan: “Do you still want to [task] in [practice opportunity] to
address [metacognitive risks] and [practical risks]?”
Here, we walk through an illustrative example of the MindYoga
framework from our user testing, as seen in Figures 3 and 4. For
context, this project team had just completed a round of user testing
that did not go as expected. Prior to their planning meeting, the
student team noted in their dashboard that they were concerned
about the effectiveness of their system and their study design, and
about being able to revise the system and study during a week where
they were busy with many other commitments outside of their
research (i.e. extracurriculars, interviews, etc.). The 4-box model
structured an explicit conversation around this metacognitive risk
with their mentor. As a strategy for iterating, despite little available
time, their mentor coached them to reduce stress by conducting a
simpler user test that focused on the core functionality they wanted
to showcase in their paper. In their 4-box model, the students noted
this metacognitive strategy as an action plan they would like to
be reminded of at their next work session. The in-action cues then
used this data to later send students a Slack reminder at the start
of their usual Saturday practice session, reminding them to “Make
a realistic goal for what we want to accomplish next week. Don’t do
any [project work] over the weekend to reduce burnout.” Students can
then use the on-action dashboard to see how they progress in their
metacognitive and project risks week-to-week.

5

METHODS

To understand how MindYoga might support a student’s metacognitive reflection process across supports in an ARS ecosystem, we
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Figure 3: The 4-box model interface is used during weekly planning meetings to guide students and mentors in an explicit
conversation about project and metacognitive feedback.

Figure 4: An example in-action MindYoga cue sent to students over Slack. The cue reminds them at the beginning of their
work session of the action item they identified in their 4-box model, designed to tackle the project and metacognitive risks
they discussed with their mentor in their planning meeting.
recruited three mentors (M1, M2, M3) and seven students (S1, S2, S3,
S4, S5, S6, S7) across four project teams (PT1, PT2, PT3, PT4) from
an existing ARS to participate in a 2-week study. M1 oversaw PT1 (
S1 and S2), M2 oversaw PT2 (S3), and M3 oversaw PT3 (S4 and S5)
and PT4 (S6 and S7). We asked all participants to incorporate the
complete framework into their existing ARS work processes. To
measure adoption of each scaffold, we observed whether students
entered data into the 4-box model and the on-action dashboard, or

interacted with the Slack cues by replying or reacting. Further, we
used the interviews to assess whether they read or changed their
behavior in response to the cues. At the end of the 2 weeks, we
asked all students to fill out a feedback survey about their experience. This included binary questions about the perceived benefit of
the different scaffolds within the MindYoga framework like “Did
the 4-box model help you understand mentor metacognitive feedback and create a relevant action item?”. The form also asked the
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students to elaborate on why and how they found the system to
be helpful or not. Additionally, we conducted individual follow-up
interviews with three students (S1 and S2 of PT1, and S7 of PT4)
and the two mentors (M2 and M3). We selectively interviewed individuals from teams that represented most adoption of the scaffolds
(PT1) and least adoption (PT4), to understand potential causes for
variance in adoption. Similarly, to capture variation in mentoring
approaches, we focused our interviews on M2 and M3. Based on
the data students entered into the scaffolds, and responses in the
feedback surveys and interviews, we evaluated if users were (1) able
to reflect on the changes to their metacognitive processes (risks,
strategies, and actions) and reassess their risks, (2) able to determine their metacognitive risks and an action plan for addressing
them in the 4-box model with alignment from their mentors, and
(3) reminded of this action plan during relevant work sessions.

6

FINDINGS

Our results show that our users were able to reach all three outcomes when they engaged with our prototype at the respective
stages (see Figure 5). We had two project teams that engaged with
the entire reflection process at least once with our prototype. PT1
and PT2 reflected on their risks in the on-action dashboard, used
the 4-box model in their planning meeting, and interacted with our
in-action cues during relevant work sessions, thereby completing
all three stages of metacognitive reflection at least once. PT3 only
used the 4-box model scaffold, while PT4 used the 4-box model and
the in-action cues. Even in project teams that did not engage with
the prototype across all three stages, we still saw improvements in
the stages where they did utilize the prototype.
When used, we found that the on-action dashboard encourages
students to monitor and explicitly state their recent metacognitive
process improvements and metacognitive risks. S3 of PT2 reflected
on their metacognitive practice across the 2 weeks: “I didn’t really
understand what [my mentor] meant when [they] kept telling me to
be agile but I think I really internalized it this week– I spend a lot of
time worrying about all the risks when it’s best for me to just try to test
something.” With this scaffold, PT1 and PT2 were able to monitor
their metacognitive processes and identify metacognitive risks for
that week. Both teams also reported that this prototype helped
“internalize” the metacognitive strategies they used and produced
reflections in the on-action dashboard on how these strategies
helped their work process. Additionally, these teams were able to
explicitly identify metacognitive risks that were impacting their
project work for the upcoming week, as evidenced by user input in
the on-action dashboard.
The 4-box model support helped these project teams clarify their
understanding of the mentor’s metacognitive feedback. S1 of PT1 reported: “...getting [mentor] feedback on what we thought was *[their]*
feedback made the actual feedback extra clear. Often we were just
wrong about the metacognitive feedback and so doing this made [our
mentor] actually say our metacognitive feedback directly, which we
wouldn’t have gotten otherwise.” We also received feedback that the
4-box model’s structured conversation promoted reflection around
metacognition in the planning meetings that was beneficial. S3
of PT2 reported: “just being given the space to reflect was helpful”
and “the 4 box model does force us to talk ab[ou]t [metacognitive
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risks], whereas sometimes metacognitive risks get skipped.” From
these results, we determined the 4-box model was useful for students in creating a space for reflecting on their metacognitive risks
and structuring a conversation with their mentors about how to
address them. We can see that the tool promotes discussion and
reflection within the mentor-student dynamic in an existing ARS
support (i.e. the weekly planning meeting). This gives the students
an opportunity to become self-aware and direct their metacognitive
process while also giving the mentor visibility into the students’
current metacognitive processes. These findings show that the
students were able to use the mentor feedback to evaluate their
metacognitive processes and develop an action plan to address any
relevant risks.
In PT3 and PT4, we saw evidence of increased awareness of their
metacognitive risks and the development of action plans after using
the 4-box model through observed user behaviors and quotes. S4 of
PT3 reported that: “I sometimes am able to [identify metacognitive
risks in the weekly planning meeting], but generally I identify those
risks after the [weekly planning] meeting or only think about them
when filling out the 4-box model.” This quote reinforces that some
students and mentors do not usually talk about the metacognitive
risks in the weekly planning meeting and the introduction of the
4-box model improves that process. Similarly, S6 from PT4 reported
the 4-box model helped them to create their action plan, saying:
“[The 4-box model] helped me reflect on the feedback and solidify
an action item in my head.” The members on PT4 had been struggling with burnout and staying on top of busy schedules. During
our user study, we observed that this team did not discuss their
concerns of scheduling and burnout until they engaged with the
4-box model. After filling it out, this team identified their action
plan to be: “Make a realistic goal for what we want to accomplish
next week. Don’t do any [project work] over the weekend to reduce
burnout.” This evidence shows that both PT3 and PT4 demonstrated
improved ability to determine their risky metacognitive processes
from mentor feedback and develop an action plan to address these
risks after using the 4-box model. Further, we gathered initial evidence that the 4-box model and on-action dashboard could also
benefit mentors. M3 stated that these tools “can be useful to see
what [my mentees] think and if they need to be corrected.” These
findings suggest that these process scaffolds can also give mentors
increased visibility into their mentees’ work processes, and how
they interpret mentor feedback.
Both project teams interacted with the in-action cues during the
time of their work session indicated in the action plan. S3 from
PT2 stated that “I would have never done [my action plan] if not
for Slack [reminders]”. This shows that users are reminded of their
action plan during relevant work sessions. Additionally, we saw
improvement in project team 4 in the practice phase. S6 from PT4
reported that the in-action cues were helpful and occurred at an optimal frequency: “Seeing my action item visually a few days later was
helpful but any more reminders would have been too much.” The team
also demonstrated behavior change to address their risks around
burnout. We observed PT4 ask to have an upcoming project presentation postponed to make their workload more manageable. This
improvement in time management of project deliverables seems
to stem from the conversation surfaced by the 4-box model, and,
when coupled with the self-reported user feedback, demonstrates
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Figure 5: Scaffolds used and outcomes reached for each project team in user study.
that some students who were reminded of their action plans were
even able to enact them, revising their process as they practiced.

7

DISCUSSION

From our findings we determined that students using MindYoga
were able to engage in the metacognitive reflection process. Specifically, students who used the MindYoga process framework were (1)
able to monitor their metacognitive processes and identify metacognitive risks in the on-action dashboard, (2) use mentor feedback
to evaluate their metacognitive risks and to address them in the
context of their project with the 4-box model, and (3) more actively
think about their plan to practice improved metacognitive strategies
with our in-action cues.
When used, the MindYoga framework is able to scaffold the
metacognitive reflection process across a learning ecosystem, allowing students to more actively improve their overall ways of
working, as they learn to lead research work. Unlike prior work
that provides generalizable templates to guide metacognitive practice for all students in an environment, or uses cognitive tutors to
surface very specific and limited metacognitive breakdowns and
strategies, MindYoga is able to provide individualized support for
a wide range of metacognitive process risks that are specific to
each student’s metacognitive practice, relevant to project goals,
and difficult to detect automatically. By explicitly structuring and
capturing mentor and student discussions on metacognitive practice, MindYoga leverages the implicit metacognitive coaching that
already occurs to provide contextualized support to each user at opportune moments, depending on their personal and project needs.
Further, by scaffolding across the metacognitive reflection process
itself (i.e. monitoring, evaluating, and practicing) our approach can
flexibly generalize to the metacognitive processes that mentors find
most critical for each student.
One key limitation of the MindYoga framework was that, despite
integrating into existing ecosystem designs, users still reported
points of friction that would deter them from interacting with the
full framework. For instance, M3 reported in a follow-up interview
that while the 4-box model “can be useful to see what [students] are
thinking and if they need to be corrected” there was still “a lot of
overhead” required to use the scaffold. These results suggest that
when designing a process framework that guides practice across
an existing ecosystem, it’s critical that the scaffolding integrates in
a way that maximally reduces any friction that may inhibit users
from interacting with core framework components. Such friction

can limit the benefits students garner from engaging in the full
reflection process.
It is also possible that some of the interactional friction was the
result of learnability barriers from modifying an existing process in
ARS during a brief 2-week exposure to the intervention. A longerterm study may help overcome learnability concerns, allowing one
to focus on any friction related to integration in an ecosystem. A
longer-term study with more mentors may also account for any
variation due to different coaching styles. For instance, we observed
that novice mentors were less likely to focus on metacognitive feedback than senior mentors. In such cases, novice mentors may have
experienced more friction as they learn to coach metacognitively.
While we did gather some qualitative evidence that MindYoga could
generally be valuable for mentors, further research is required to understand the value of such metacognitive scaffolding for mentoring
outcomes.
MindYoga’s approach to scaffolding each stage of the metacognitive reflection process also has potential implications for other
learning ecosystems outside of ARS, particularly in settings where
mentoring resources are limited and learners practice metacognitive reflection as they work. The use of process frameworks could be
introduced in environments such as startup mentorship programs
or student-teaching programs, where learners are actively practicing new domain skills, trying to improve their work processes,
and receive regular feedback from limited mentoring resources.
By providing integrated, individualized scaffolds throughout the
reflection process, process frameworks like MindYoga can increase
the support a learner has throughout the reflection process without increasing the burden on existing mentoring resources in such
learning ecosystems.

REFERENCES
[1] Robin S Adams, Tiago Forin, Mel Chua, and David Radcliffe. 2016. Characterizing
the work of coaching during design reviews. Design Studies 45 (2016), 30–67.
[2] Robin S Adams, Jennifer Turns, and Cynthia J Atman. 2003. Educating effective
engineering designers: The role of reflective practice. Design studies 24, 3 (2003),
275–294.
[3] Susan A Ambrose, Michael W Bridges, Michele DiPietro, Marsha C Lovett, and
Marie K Norman. 2010. How learning works: Seven research-based principles for
smart teaching. John Wiley & Sons.
[4] Ann Brown. 1987. Metacognition, executive control, self-regulation, and other
more mysterious mechanisms. Metacognition, motivation, and understanding
(1987).
[5] Ann L Brown. 1978. Knowing when, where, and how to remember; a problem of
metacognition. Advances in instructional psychology 1 (1978).
[6] Allan Collins and Manu Kapur. 2006. Cognitive Apprenticeship. Cambridge Handbook of the Learning Sciences (2006), 47–60. https://ci.nii.ac.jp/naid/10029777798/
en/

CHI ’22 Extended Abstracts, April 29-May 5, 2022, New Orleans, LA, USA

[7] Lyn Corno. 1986. The metacognitive control components of self-regulated learning. Contemporary educational psychology 11, 4 (1986), 333–346.
[8] K Anders Ericsson and Neil Charness. 1994. Expert performance: Its structure
and acquisition. American psychologist 49, 8 (1994), 725.
[9] K Anders Ericsson, J Starkes, and K Ericsson. 2003. Development of elite performance and deliberate practice. Expert performance in sports: Advances in research
on sport expertise (2003), 49–83.
[10] Peggy A Ertmer and Timothy J Newby. 1996. The expert learner: Strategic,
self-regulated, and reflective. Instructional science 24, 1 (1996), 1–24.
[11] John H Flavell. 1976. Metacognitive aspects of problem solving. The nature of
intelligence (1976).
[12] John H Flavell. 1979. Metacognition and cognitive monitoring: A new area of
cognitive–developmental inquiry. American psychologist 34, 10 (1979), 906.
[13] David Jonassen. 2010. Learning to solve problems: A handbook for designing
problem-solving learning environments. Learning to Solve Problems: A Handbook
for Designing Problem-Solving Learning Environments (09 2010), 1–437. https:

Pribble and Sharma, et. al.

//doi.org/10.4324/9780203847527
[14] Chris Quintana and Meilan Zhang. 2004. The Digital Ideakeeper: Extending
digital library services to scaffold online inquiry. In American Education Research
Association Annual Meeting, San Diego, CA. Citeseer.
[15] Ido Roll, Vincent Aleven, Bruce M McLaren, and Kenneth R Koedinger. 2011.
Improving students’ help-seeking skills using metacognitive feedback in an
intelligent tutoring system. Learning and instruction 21, 2 (2011), 267–280.
[16] Donald A Schön. 1987. Educating the reflective practitioner: Toward a new design
for teaching and learning in the professions. Jossey-Bass.
[17] Philip H Winne. 2011. A cognitive and metacognitive analysis of self-regulated
learning: Faculty of education, Simon Fraser University, Burnaby, Canada. In
Handbook of self-regulation of learning and performance. Routledge, 29–46.
[18] Haoqi Zhang, Matthew W Easterday, Elizabeth M Gerber, Daniel Rees Lewis,
and Leesha Maliakal. 2017. Agile research studios: Orchestrating communities of
practice to advance research training. In Companion of the 2017 ACM Conference
on Computer Supported Cooperative Work and Social Computing. ACM, 45–48.

