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Prac�ce Bot APP Wednesday 9:00 AM

Hey @Stella! You have an Office Hours Coaching prac�ce
opportunity later today. Here's some prac�ces from the
Coaching Mee�ng that might be helpful to work on:

get a full slice (prototype, user test, analysis) on the
help-seeking situated reflec�on example

- come to office hours with your synthesis and we can
chat about the implica�ons for your design
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Hey @Stella! Here's some prac�ces for you to work on
from the coaching mee�ng.

get a full slice (prototype, user test, analysis) on the
help-seeking situated reflec�on example

- Update your planning log: get a full slice of the
interac�on -- add prototyping (including the bug fixing),
tes�ng, and user test with at least 2 teams

- With @Chester: try to do a pair programming session
since he just fixed the same bug

- On your own, try to: a�er you complete a study do
takeaways from tes�ng to synthesize what you learn

- At Office Hours: come to office hours with your
synthesis and we can chat about the implica�ons for your
design

- Reflect on your own: spend some �me thinking about
how you can use help interac�ons to progress faster.
what's around this fear of feeling "not smart" when help-
seeking? how did it feel to get help on the bug this week?
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Hey @Stella! Here's some prac�ces for you to work on
from the coaching mee�ng.

get a full slice (prototype, user test, analysis) on the
help-seeking situated reflec�on example

- Update your planning log: get a full slice of the
interac�on -- add prototyping (including the bug fixing),
tes�ng, and user test with at least 2 teams

- With @Chester: try to do a pair programming session
since he just fixed the same bug

- On your own, try to: a�er you complete a study do
takeaways from tes�ng to synthesize what you learn

- At Office Hours: come to office hours with your
synthesis and we can chat about the implica�ons for your
design

- Reflect on your own: spend some �me thinking about
how you can use help interac�ons to progress faster.
what's around this fear of feeling "not smart" when help-
seeking? how did it feel to get help on the bug this week?
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Hey @Stella! On your own, try a slice of synthesis for your
literature review using synthesis tree.
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Hey @Stella! You have an Office Hours Coaching prac�ce
opportunity later today. Here's some prac�ces from the
Coaching Mee�ng that might be helpful to work on:

lit review missing synthesis

- let's discuss your slice at Office Hours
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Hey @Stella! Here's some prac�ces for you to work on
from the coaching mee�ng.

get a full slice (prototype, user test, analysis) on the
help-seeking situated reflec�on example

- Update your planning log: get a full slice of the
interac�on -- add prototyping (including the bug fixing),
tes�ng, and user test with at least 2 teams

- With @Chester: try to do a pair programming session
since he just fixed the same bug

- On your own, try to: a�er you complete a study do
takeaways from tes�ng to synthesize what you learn

- At Office Hours: come to office hours with your
synthesis and we can chat about the implica�ons for your
design

- Reflect on your own: spend some �me thinking about
how you can use help interac�ons to progress faster.
what's around this fear of feeling "not smart" when help-
seeking? how did it feel to get help on the bug this week?
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Fig. 1. A Situated Practice System (SPS) computationally supports a coach in understanding, modeling,
and facilitating students’ innovation work practices. During coaching sessions, it provides the coach with
Practice Traces of a student’s prior practice (A). The coach can then model the student’s practice based on
discussions with the student and by drawing connections between specific work issues and the student’s
recurring Tracked Practice Gaps (B). Following coaching sessions, SPS provides Practice Agents that help
students enact practices on their own and with others, and that prompt them to reflect afterward (C).

Students are increasingly expected to prepare for open-ended innovation work, which requires well-developed
cognitive, metacognitive, and emotional regulation skills. College learning environments offer opportunities to
work on real-world problems—such as in design and engineering—but students often remain unaware of their
ineffective work practices and recurring regulation challenges, and may struggle to improve. Coaching from
experts can help, but students’ practices and regulation behaviors are largely invisible from work artifacts
alone and are difficult to diagnose and track without computational support. We introduce Situated Practice
Systems (SPS), which provide: (1) an Interactive Context-Assessment-Plan (CAP) Notes tool to support coaches’
understanding and modeling students’ regulation-informed practices, and (2) Practice Agents that help students
develop more effective practices. SPS uses Practice Objects to represent practices and regulation behaviors
computationally, and Practice Scripts to automatically present suggested practices to students in relevant
situations. In a formative 3-week field study, SPS helped coaches identify recurring regulation gaps and provide
tailored practices. SPS also guided students in adopting more effective ways of working on their own and
with others. We demonstrate how CSCW systems and learning environments can be designed to support the
development of students’ work practices and regulation skills, enabling them to lead innovation work.
CCS Concepts: • Human-centered computing→ Interactive systems and tools.
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1 Introduction
There is an urgent need to train college students to tackle complex, open-ended innovation work in
design, research, STEM, and entrepreneurship [54]. Innovation problems have vaguely structured
goals and constraints, and often multiple solutions, if any exist [54, 89]. Students must learn to
gradually uncover details about the problem space, continually adapting their work strategies as
their work situations change. To effectively self-direct, students must develop regulation skills [109]—
cognitive, metacognitive, emotional, and strategic behaviors—that allow them to assess their current
knowledge, choose where to focus efforts, determine effective strategies, carry out plans on their
own or with help from others [50], and reflect on their progress [108].

Despite this need, college classrooms rarely provide the practice of learning to innovate, which is
crucial for preparing students to design and implement innovative solutions to social and technical
problems upon graduation [40]. Project-based learning (PBL) presents a potential solution, as
it can provide students with authentic practice on real-world problems [23, 26, 35, 72]—such
as in design [73, 79], engineering [23], and research [105]. However, PBL environments often
overemphasize project progress. Feedback focuses on troubleshooting project-related issues, while
regulation gaps—patterns of ineffective ways of working with oneself and others—can remain hidden
and unaddressed. For instance, students may receive feedback on how to refine their prototype,
but not on how they ignore key project risks during team meetings and tend to overwork rather
than appropriately scope the work. Such ineffective ways of working often recur; troubleshooting
surface-level issues overlooks the underlying regulation gaps shared across them, resulting in
students failing to practice new ways of working that apply in these and other work situations.
In other words, even when we provide students with real-world problems, we risk students not
building the practices and regulation skills needed to lead innovation work on their own.
While experienced coaches can help students develop effective practices and regulation skills,

doing so is challenging and time-consuming [47]. Coaches already face challenges when providing
project-level feedback on students’ work outputs (e.g., prototypes in a design class). To teach
regulation skills, coaches need to understand how students practice and regulate to produce these
outputs, which is largely opaque from work artifacts alone. For instance, a prototype may be
missing a key feature because the student did not realize it was needed (cognitive), overfocused on
less important features (metacognitive), or reacted to fears that got in the way of their working
on it (emotional). Each of these regulation challenges warrants different strategies that coaches
must tailor to the student and their specific work needs, such as suggesting planning strategies
that prioritize project risks or helping the student understand and work with their fears.
This coaching task is challenging even at a moderate scale [79]. Coaches need to understand

each student’s regulation gaps across work issues and track them over time to make connections
between work issues and recurring regulation gaps in increasingly large classrooms. Moreover,
even if coaches provide practices that address practice and regulation issues, students may struggle
to enact them if they misunderstand how to apply a regulation skill, lack sufficient scaffolding, or
have other unaddressed regulation gaps that make it difficult to enact the practice [36, 47, 81].

Despite these challenges, there are few computational tools for supporting coaches and students
to develop effective innovation practices and relevant regulation skills. While many coaches
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Fig. 2. A Situated Practice System supports students in developing their innovation work practices in two ways.
First (A), the Interactive CAP Notes tool supports coaches in understanding and modeling students’ practices
by showing students’ prior Practice Traces and Tracked Practice Gaps, and scaffolding structured note-taking.
Second (B), Practice Agents support students practicing on their own or with others, and encourage reflection
after practice. The Practice Object acts as an intermediary, evolving representation of the student’s practice
that is handed off to Practice Agents to facilitate practice and updated with Practice Traces for later review.

and students take notes during meetings, their plain-text notes remain “static”, meaning they
cannot be followed up on or tracked by computers. Existing tools in the classroom [80, 90] and
the workplace [7, 52, 93] largely track tasks and their outcomes, as opposed to the practices or
regulation skills that a student needs to develop. Moreover, workflow tools for orchestrating
classroom [22, 31, 56, 67, 99] or workplace activities [37, 39, 66, 94, 100] are pre-scripted and thus
cannot be easily tailored to each student’s specific work situations and practice needs. Without
computational support, even experienced coaches often overlook critical, underdeveloped skills that
students possess, and students struggle to develop their practice, slowing progress and learning.
In this paper, we introduce Situated Practice Systems (SPS), a system designed to help students

develop effective work practices with the support of their coaches; see Figure 2. An SPS supports a
coach in understanding and modeling practices and regulation gaps with a structured notetaking
tool called Interactive Context-Assessment-Plan (CAP) Notes. CAP Notes show coaches the outcomes
and student reflections from previously suggested practices, helping them understand work issues
and practice gaps—including recurring gaps that SPS tracks for each student—and suggest new
regulation-informed practices to the student. Then, SPS supports students in enacting these practices
through Practice Agents that automatically surface practice opportunities, such as practicing on
their own with relevant scaffolds (e.g., design argument templates; see Appendix A) and with peers
or mentors (e.g., during a peer help session or at Office Hours). Following these practices, Practice
Agents prompt students to reflect on their practice, and the regulation skills they employed.

Our core conceptual contribution is using computation to support understanding, modeling, and
facilitating regulation skill practice to advance innovation work. Historically, CSCW has used com-
putation to provide support at the task-layer by tracking tasks, work outputs, and the people or
resources that support them [1, 2, 48, 65]. Without a way to represent the practices underlying work
tasks, we cannot build software to support the practice-layer that helps enact effective practices
and track their development. SPS provides a computational representation of the student’s practice
and regulation gaps through which the coach can capture and track the student’s development and
recruit software agents to facilitate aspects of the practice outside of coaching sessions.
We make two technical contributions through SPS. To make practices computationally repre-

sentable and trackable, we created Practice Objects: a computational representation of a student’s
evolving practice that captures patterns of recurring behaviors across work situations. Across
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coaching sessions, a student’s Practice Object expands to include new work issues, regulation gaps,
and tailored practice suggestions, rather than only their tasks and work outputs. To enable Practice
Agents to act on a coach’s suggested practices, we introduce a technique for interpreting and
compiling them into Practice Scripts that automatically facilitate both the practice and subsequent
reflection. Furthermore, these scripts generate Practice Traces that capture practice outcomes and
student reflection and store them in the Practice Object for later review by coaches.
Through a 3-week formative study in a research learning community, we demonstrate that

CAP Notes supported coaches in understanding ineffective practices that led to work-related
issues, identifying their underlying regulation gaps, and modeling regulation-informed practices
for students to attempt. Practice Agents supported students in implementing suggested practices by
providing resources and guidance from peers and mentors between coaching sessions, and helped
students to reflect on and understand how new practices addressed their regulation challenges.
These findings demonstrate how Situated Practice Systems explicitly support the adoption of more
effective ways of working and the development of regulation skills needed for innovation work.

2 Background
Our work aims to provide computational support for coaching and enacting regulation-informed
practices in innovation work. We review the literature on innovation work and the core regula-
tion skills that contribute to students’ success, the challenges of developing these skills, and the
limitations of technology in supporting their development.

2.1 Regulation Skills and Innovation Work
Learning to innovate requires students to become capable of self-directing complex work [13, 36,
77, 78, 80, 81, 87, 105]. Ill-structured innovation problems [12, 54] require students to regulate their
learning and work process by assessing the current state of their knowledge, choosing where to
focus effort, determining strategies for making progress, carrying out plans, reflecting on progress,
and effectively engaging in help-seeking and collaboration as needed [50, 108].1 Students engaging
in authentic innovation work must develop a wide range of regulation skills, including:

• Cognitive skills for approaching problems with an unknown answer, or even knowing what
the problem is. This includes: representing problem and solution spaces [14, 87]; assess-
ing risks [13]; critical thinking and argumentation; and core domain-specific methods for
advancing problems and solutions (e.g., in design: prototyping, and user testing).

• Metacognitive skills and dispositions [43, 64] in the areas of planning, help-seeking, collabora-
tion, and reflection [5, 24, 42]. This includes: forming feasible plans [16, 84, 105]; planning
effective iterations [78, 80, 81]; leveraging resources and seeking help [55, 68, 69, 82]; com-
municating and working with teammates, peers, and coaches [50]; and awareness of one’s
own skills, abilities, and metacognitive blockers [5, 11, 24, 42, 85].

• Emotional regulation and dispositions toward self and learning that affect one’s motivation,
cognition, and metacognition. These include understanding one’s fears and anxieties and how
one deals with failure [15, 51, 60, 63], embracing challenges and learning from them [25, 28],
and embracing one’s own independence when leading work [5, 59].

1We use the term “regulation” from self-regulated learning (SRL) in the learning sciences (e.g., [107, 108]), where a student
monitors, controls, and adapts their learning process toward a goal. While they share terminology and underlying mecha-
nisms, this differs from self-regulation in psychology, which refers to the person’s self-control over their thoughts, emotions,
attention, or impulses to align their behaviors with a standard [8, 97]. We focus on understanding how students develop a
capacity to become independent practitioners on open-ended problems (akin to a self-directed learner), which requires
regulating their own learning and work processes and co-regulating with others in a learning or work community [50].
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College students who effectively regulate their learning are more likely to succeed in innovation
work by: exploring problem and solution spaces effectively [14, 87]; engaging in design iterations
that quickly advance understanding [78, 81]; and better planning for and responding to challenges
and unknowns [80, 105]. However, students are often unaware of their own work practices and the
value of regulating learning across cognitive, metacognitive, and emotional dimensions. Moreover,
students cannot easily develop effective practice on their own [19, 21, 32, 53]. For example, consider
a student in a design capstone who overworks themselves each week to create incomplete high-
fidelity (hi-fi) software prototypes rather than low-fidelity (lo-fi) ones to test new designs. This
student lacks strategies for slicing work to address project risks,2 prioritizing the development
of software over new understanding about the problem or solution space. To become effective
innovators, students need experienced coaches to guide product and process development, but, most
critically, to diagnose and address underlying regulation gaps that underpin their work practices.

2.2 Challenges for Developing Regulation Skills
Coaches can support students in developing regulation skills [20, 44, 45], but doing so requires
uncovering students’ regulation gaps, which is often challenging and time-intensive [47]. Consider
the same design student who brings in an incomplete prototype to a coaching session. A product-
focused coach might help the student identify a missing key feature and keep them on track toward
building a complete prototype. A process-focused coach may investigate why the student struggled
to complete the prototype, helping the student recognize that they did not need to build out fully
functioning software at this time. This can help the student learn a better approach to their current
work situation (e.g., lo-fi prototyping) that the product-focused coach overlooked.

A regulation-focused coach delves even deeper, uncovering underlying gaps in metacognition and
emotional regulation that impede the student from including a key feature they know is important.
For example, this coach may find that: (1) the student associates delivering value with producing
functioning software; and (2) the student tends to lose sight of what is actually important when
overwhelmed, and defaults to simply cranking out work (building software). In other words, the
underlying issue is not that the student did not build a lo-fi prototype, but rather that (1) the
student lacked a framework for planning design iterations that focuses on delivering learning over
product [78, 80, 81], and that (2) their “just-get-it-done” mentality when overwhelmed impedes
their considering and adopting more effective strategies for reaching their learning and work goals.
Understanding and addressing such regulation gaps can help the student to resolve their current
work issue, and to develop new strategies, mental models, and attitudes (i.e., regulation skills) that
help them to innovate more effectively and efficiently across work situations [6, 95].

While uncovering regulation gaps is crucial to helping students becomemore effective innovators,
it remains challenging and time-consuming, even for experienced coaches. Prior study of university
engineering design coaches [79, 81], research mentors [36], and entrepreneurship coaches [47]
revealed that coaches struggle to: (1) elicit gaps in students’ practice from work artifacts and
conversation alone; (2) build a model of the student’s practice to identify and address those gaps;
and (3) track students’ practice across coaching sessions. Our needfinding extends these findings,
revealing challenges in how coaches uncover practice gaps from work products and conversations,

2Throughout this paper, “slicing” refers to implementing a minimal, complete chunk of work that provides end-to-end
understanding. The idea comes from Agile software methodologies that prioritize flexible, incremental development versus
rigid, waterfall approaches [18, 62]. In design, this may involve focusing on a user need, developing a low-fidelity prototype,
and testing it on a few users; in research, it may entail selecting a scoped hypothesis, designing a formative experiment,
and analyzing the results. Our studied research community (see Section 3) places a strong emphasis on slicing, as it is an
important strategy for planning effective iterations [78, 80, 81] that quickly advance understanding.
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link work issues to regulation gaps, and facilitate practices. These difficulties significantly limit
coaching effectiveness, often exacerbated by the number of students and teams coaches manage [79].

Moreover, students often struggle to enact the practices their coaches suggest [36, 47, 81]. Students
may misunderstand how to apply a regulation strategy during practice or forget it altogether,
resulting in deliverables that differ greatly from their coaches’ expectations. In our needfinding,
we observed that students often needed structured scaffolds (e.g., use a design argument template;
see Appendix A) and additional support from peers or coaches. While coaches often suggest such
scaffolds and help opportunities, students can overlook or fail to apply them in ways that address
their specific regulation gaps. Consequently, while students may make some progress on their
projects, they often fail to address key project risks stemming from unresolved regulation gaps.

2.3 Our Approach: Situated Practice Systems for Regulation Skill Development
In summary, advancing students’ capability for innovation work requires advancing the coaching
of regulation skills, which remains difficult without technological support. Despite advances in
multimodal learning analytics [49] and AI tools for coaching ill-structured problems [34, 58], we
currently cannot automate the process of understanding students’ innovation work practices, diag-
nosing regulation gaps, and providing tailored practice opportunities. At the same time, intelligent
mentoring tools to support such coaching remain scarce. Coaches develop models of how each
student practices and identify regulation gaps, but may not document these in a structured way
that allows them to integrate computational affordances for tracking and facilitating practices
outside of coaching sessions, or helping identify recurring gaps across work issues.

Our work introduces Situated Practice Systems that provide computational support for developing
regulation skills. Existing tools in CSCW largely provide support at the task-layer, such as for task
tracking [7, 52, 93] and expertise finding [1, 2, 48, 65]. Instead, Situated Practice Systems provide
support at the practice-layer through an Interactive CAP Notes interface for coaches to understand
students’ regulation behaviors within and across coaching sessions and to model new practices to
resolve those gaps, and Practice Agents for students to facilitate these practices.

There are two technical challenges to realizing Situated Practice Systems. First, existing tools offer
no computational means to represent work practices and regulation behaviors so they can be tracked,
facilitated, and reflected upon by coaches and students across work situations, coaching sessions,
and practice activities. Existing tools for project-based learning track students’ work plans [80],
artifacts, and reflections [90], but not the details of how students practice and how that may impact
their work outputs. Similarly, workplace tools from CSCW support task tracking [7, 52, 93], agenda
building [75, 86, 96], synthesizing in-meeting conversations [17, 33, 74], and following up after
meetings [98]. However, these systems focus on task management and conversations around tasks
(e.g., what workers did, what workers need to do, and what to prioritize), but not on regulation
skills necessary to complete tasks (e.g., the representation used to structure thinking and challenges
in regulating emotions amid failure) or how disparate tasks a person is struggling with may share
the same underlying regulation gap. We address this by creating a Practice Object abstraction that
ties specific regulation behaviors to specific work issues that arise, which helps coaches capture
and reveal patterns in a student’s practice and regulation. These, in turn, inform the formation
of regulation-informed practices that coaches suggest to address both the current work issue and
the underlying regulation gaps that recur across work situations. Each student’s Practice Object
evolves over weeks, providing a longitudinal view of their innovation work practice.
Second, existing tools do not computationally encode practice activities, such as working with

peers. Practices are typically documented in plain-text notes, limiting software agents’ ability to
facilitate them. While collaboration scripts for learning [22, 31, 56, 67, 99] and workflow builders for
productivity [37, 39, 66, 94, 100] can encode and facilitate activities, they are designed for recurring,
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general activities (e.g., generally reflecting; sharing deliverables). While regulation strategies are
shared across work situations (e.g., planning strategies are relevant for lo-fi prototyping and user
testing), coaches must tailor practices to students’ specific work situations and regulation gaps,
making it cumbersome and sometimes intractable to write custom scripts for each student across
different projects. To resolve this challenge, we introduce techniques to generate on-demand Practice
Scripts that convert text-based representations of activities a coach wants a student to attempt into
programs that run at opportune times to promote those practices and prompt reflections afterward.

3 Method and Setting
We followed a design-based research process [27] over six months to develop our design arguments
for how computational tools can support the development of regulation skills for innovation work.
The first month focused on observational needfinding in coaching sessions (Section 4). Months 2–5
introduced prototypes as design probes [38], with weekly iterations. We describe the final prototype
and design iterations in Section 5. In the final month, we conducted a 3-week formative study to
understand how our prototype addressed the obstacles identified in needfinding (Sections 6–7).

We situated our study in the Design, Technology, and Research (DTR) program at Northwestern
University,3 a community of practice for undergraduate and graduate research training that imple-
ments the Agile Research Studios (ARS) model [105]. We chose this setting because self-directing
research work is highly complex and requires students to develop sophisticated work strategies
and regulation skills for dealing with uncertainty and open-endedness that are broadly applicable
for innovation work [61]. Moreover, such skill training is a key focus of the community (see the
DTR Annual Letters [101–104]), which allows us to understand how coaching is done and how
technology may help. Finally, ARS provides a rich learning ecosystem that resembles the networked,
collaborative workplaces many students will join after graduation [36]. During our study, two
faculty members coached 13–16 undergraduate, master’s, and PhD students, organized into 7–9
project teams of at most 2 students each. Faculty held 5 1-hour coaching sessions per week, with
each session accommodating up to 2 teams. Two of the paper’s authors were a faculty member and
a PhD student in DTR; the PhD student did not participate in the study.

4 Needfinding: How Expert Coaches Coach Regulation-Informed Practice
While prior work has studied coaches’ challenges in coaching regulation skills and students’ strug-
gles to practice them (see Section 2.2), we sought to better understand how coaching conversations
unfold so that tools can support them. The lead author observed 1–3 coaching sessions each week,
selecting different sessions to cover various projects and students. During each observation, the
researcher noted how coaches discussed research progress and deliverables with students; the
questions asked to identify work issues and regulation gaps; how new practices were modeled; and
outcomes of suggested practices. The researcher also met weekly with one coach to discuss the ob-
servations and solicit feedback on prototypes. As shown in Figure 3, we identified three challenges
for coaches: (A) understanding practices and potential issues; (B) modeling a regulation-informed
practice; and (C) facilitating and developing students’ practices after coaching sessions.

4.1 Understanding Practices and Issues
Coaches could readily identify issues in the work artifacts students produced, but struggled to
uncover the ineffective practices that led to those issues; see Figure 3a. For example, a coach
reviewing a student’s draft quickly noticed it was missing a key argument they had previously
discussed. To uncover what went wrong, the coach asked the student about their work process

3https://dtr.northwestern.edu/
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afraid to start new practice

observations
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because they are 
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by a big task, make 

the task smaller
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suggest practice
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 “To get over fear 
of starting…”
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w/o articulating 
regulation skill

Understanding practices and issuesA Modeling regulation-informed practiceB Facilitating and developing practicesC
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had diagram but 

didn’t use to write

emotional:
afraid to start

regulation gaps

“work process?”

“how come?”

metacognitive:
may not seek help if stuck

emotional:
overwhelmed by big tasks

Fig. 3. When coaching a practice, coaches can struggle to: (A) understand (gaps in) a student’s practice
from work artifacts and conversation alone, since eliciting practices and regulation gaps require extensive
prompting from the coach and fragments of conversation useful for diagnosis can be forgotten; (B) model the
links between their observations, recurring regulation gaps in a student’s practices, the needed skills, and a
new practice; and (C) facilitate a student’s practice across self-work and co-regulated interactions with peers
and coaches, resulting in students not practicing as expected and generating unexpected work outcomes.

(e.g., did they remember to include the argument? Did they have a structure to describe it?) and
any obstacles (e.g., if they did, why did they not try to write it?). While this discussion eventually
revealed a regulation gap, it consumed over 20 of the 30 minutes available during the coaching
session, leaving little time to model and coach a new practice [47, 79].
Additionally, coaches often found signals of potential practice issues before pinpointing the

actual issue amid conversation. These were often fragments of ideas that might be issues, such
as a strategy the student avoided or a regulation skill they may not have applied. While they
offer important clues about the true practice gaps, they are not easy to track, as coaches also ask
additional questions and discuss project or regulation-related topics with the student.

To help coaches understand how prior practices unfolded, Situated Practice Systems: (1) capture
Practice Traces that connect the work artifact to students’ practices that produced it; and
(2) provide loose structures for tracking signals of ineffective work practices that may
arise in conversation, which a coach can follow up on as practice issues become clearer [70].

4.2 Modeling Regulation-Informed Practices
Coaches also faced challenges in modeling regulation-informed practices for students to try; see
Figure 3b. Continuing with the earlier example, the coach noticed that the student had a good
diagram of what to write, but did not convert it into words. To understand why, the coach drew
connections between the current work issue and the student’s recurring regulation gaps, such as
their fears of starting something unknown. Making these non-trivial connections led the coach to
recognize that the student was afraid to start writing because they felt overwhelmed. The coach
then suggested an alternative practice: dictating their (already effective) diagram and transcribing
the recording to help overcome the initial fear of writing something new. However, at other times,
coaches bypassed diagnosing the regulation gap and suggested practices to address the work
issue directly. Even when coaches considered potential regulation gaps, they sometimes failed to
incorporate the regulation skill into their suggested practices. Despite best intentions, both cases
resulted in coaches giving students practices that were not regulation-informed, where the core
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regulation skill to apply in that specific work situation and the reasoning for why it would help
resolve their regulation gap were not communicated, affecting how well the students could practice.

To help coaches model regulation-informed practices, Situated Practice Systems provide struc-
tured representations for modeling the links among a work issue, (recurring) regulation
gaps in the practice, and proposed practices that address regulation gaps in the context of the
specific work issue. These structures help externalize a coach’s diagnosis and practice model, not
just the observed work issues, and develop over time as students’ practices evolve or recur.

4.3 Facilitating and Developing Practices
Even when coaches proposed practices, students often struggled to enact them; Figure 3c. In our
observations, coaches suggested practices for various work and regulation needs, but students
struggled to understand how to practice when opportunities arose. For example, coaches would
suggest scaffolds that students did not use while working, such as a prior diagram structure for
writing the key arguments about a project. In other cases, students forgot a suggested practice or
needed more scaffolding to do it, such as help from an unfamiliar peer. Moreover, coaches lacked
the bandwidth to facilitate such practices in the moment, such as before help-seeking opportunities.
To help facilitate practices outside of coaching sessions, Situated Practice Systems provide

in-situ support for enacting a practice through lightweight computational representations that
coaches can use to express practices during coaching sessions. With a computational representation
of the practice, the system can surface relevant practices to students at opportune moments, such
as when they re-plan after a coaching session or on the morning of a peer help session. It can also
include helpful practice scaffolds, such as structured representations to guide thinking. After these
practices, the system can prompt students to reflect on the regulation skills they applied and then
share them with coaches, along with any work artifacts, before the next coaching session.

5 Situated Practice Systems to Support Regulation-Informed Practice Development
We developed Situated Practice Systems to computationally support understanding, modeling, and
facilitating regulation-informed practices. We first describe the interactional model of the system—
Interactive Context-Assessment-Plan (CAP) Notes for the coach and Practice Agents for
students—and then its technical implementation through Practice Objects and Practice Scripts.

5.1 Interactive CAP Notes: A Structured Notetaking Tool for Coaches
5.1.1 Understanding Practices and Issues. When a coach opens CAP Notes, they see a Practice
Trace with their suggested practices and the student’s practice outcome; see Figure 4. Before a
coaching session, students use a reflection tool to share their deliverables and reflect on their
practice. Practice Traces show coaches their prior Context and Assessments to aid recall (A), with
the students’ deliverables and reflections underneath (B), including if practices were not done (as
self-reported) or if deliverables or reflections were missing. If relevant, CAP Notes pulls live data
from workplace tools, such as a student’s planning log if the coach suggested a re-planning practice.
These traces help the coach begin to see the practices that led to students’ current work outcomes.

While reviewing Practice Traces and later during the coaching session, CAP Notes provides loose
structures called Issues of Concern to help coaches capture observations (C). Here, they can note
effective practices or work outcomes (D) and signals of issues to discuss (i.e., project needs, ways
of working, and regulation skills) without requiring them to explicate what they are yet (E). Loose
structures help coaches track their discussions with students about work practices and provide
enough structure to refine their understanding of practice issues.
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input from coach during coaching session

B

A

C

E

Issues of Concern

D

reflection scaffolds 
are much more 
specific

got stuck on a bug 
that prevented 
them from finishing 
a prototype

didn’t get help (but 
knows to, so why 
not?)

Fig. 4. CAP Notes provides coaches with a Practice Trace of the prior practice suggestion (A) with the student’s
deliverables and practice reflections included (B). During review and discussion with the student, coaches can
capture their observations as Issues of Concern (C), such as effective practices (D) and potential issues (E).

5.1.2 Modeling New Regulation-Informed Practices. During and after the meeting, CAP Notes
provides the coach with a Context-Assessment-Plan structure to model links between work issues,
(recurring) practice gaps, and alternative practices to try; see Figure 5. The structure helps the
coach draw connections between practice issues, regulation skill gaps, and current work issues
on a per-issue basis. For example, for a design project, the coach wanted the student to prototype
and test a new system, but the student got stuck on a bug (Context; A). As the coach models the
current work situation, they can consider if the issue relates to a recurring Tracked Practice Gap
(e.g., not creating feasible plans). Here, the student shared that they did not seek help in reflections
but, in further discussion with the coach, revealed a fear of being seen as “not smart”, which the
coach noted (Assessment; B). Coaches can also convert Assessments they recognize as recurring
issues into a new Tracked Practice Gap that resurfaces in subsequent Assessment sections with
Context from the specific work issues in which the gap occurred (C). Finally, the coach suggests
practices for the student to attempt (Plan; D). By making Plans part of the structure for a specific
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Good example and scaffold for help-seeking reflection — it’s much more specific now

Stella got stuck on a programming bug, which prevented her from testing a prototype

Didn’t seek help — seemed to know that seeking help is good, but something still stopped her

Not doing what will help her make progress faster — fixing issues on one’s own is good, but not most effective for progress

[practice gap] has a big fear of being seen as “not smart” when needing help on something that seems very easy

input from coach during coaching session

A

B

C

D

[plan] get a full slice of the interaction — add prototyping (including the bug fixing), testing, and user test with at least 2 teams

has a big fear of being seen as “not smart” when 
needing help on something that seems very easy

misunderstanding the risk in prototyping and 
testing an argument

not creating a feasible slice

Fig. 5. During and after the meeting, a coach uses Context-Assessment-Plan (CAP) structure to model a
practice: the links between work issues, practice issues, and practice activities. First, they note what they
observed in Context (A). Then, they consider what practice issues might be happening and why in Assessment
(B). While conducting the Assessment, the coach can determine whether a recurring Tracked Practice Gap
causes the current work issue and attach it to the Assessment by dragging the gap box; alternatively, they
can track a new recurring gap if one is noticed (C). Finally, the coach suggests practice activities in Plan (D).

issue, the coach can see whether suggested practices address the work issue and the underlying
practice or regulation gaps identified in the Assessment section.

5.2 Practice Agents: Facilitating Practices for Students
Coaches use a domain-specific language provided by CAP Notes in the Plan section to describe
Practice Agents that correspond to core regulation activities for the student to practice:
(1) [plan] suggests deliverables or tasks for the student to add to their planning log.
(2) [self-work] captures a work activity for the student to attempt on their own.
(3) [help] suggests an opportunity to work with a coach or peer for a work task.
(4) [reflect] prompts for reflections on a situation the coach observed.

Coaches can optionally specify details about the practice, such as a representation or resource to
use (e.g., rep[design argument] for a design representation [80]), specific people (e.g., w[Jack]
w[Jill]) to ask for help, or a specific venue (e.g., at[Office Hours]) to practice in.
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Fig. 6. To facilitate practices, coaches describe Practice Agents in the Plan part of CAP Notes using a domain-
specific language that includes the practice activity (e.g., re-planning; help-seeking; self-work; reflection on a
specific prompt) and any resources (e.g., working structures, specific people or venues). These are compiled
to include links to the student’s specific tools or documents (in blue) and are presented via Slack after the
coaching session (A). Practice Agents surface practice opportunities between coaching sessions, such as
initiating a group message with a potential helper or a reminder about an upcoming Office Hours (B).

Following the coaching session, the student receives all of the coach’s suggested practices—with
references to specific tools and resources—via Slack; see Figure 6a.4 Between coaching sessions,
Practice Agents follow up on the practices. In Figure 6b, a [help] agent initiates a group chat
between Stella and Chester to resolve a programming bug; a separate [help] agent reminds Stella
to work on a practice with her coach the morning of the coach’s Office Hours. If practices are not
attempted, Practice Agents can remind students again. For example, the [plan] agent will remind
the student to re-plan if the planning log is not updated within 1 day of the coaching session.

Before the next coaching session, the student is prompted with practice-specific reflection scaffolds
in a reflection tool. In Figure 7a, Stella is asked to reflect on her help-seeking interaction with
Chester, including sharing a deliverable and how it helped progress her work; in Figure 7b, she is
asked to reflect on her coach’s prompt about help-seeking. See Appendix B for reflection scaffolds.

5.3 Tracking Regulation with Practice Objects and Creating Practice Scripts
5.3.1 Practice Objects for Linking Work Issues, Practice Gaps, and New Practices. To computationally
represent students’ work practice, we introduce Practice Objects, a computational abstraction for
maintaining and linking information about a student’s evolving work issues, practice gaps, practice
suggestions, and Practice Traces across coaching sessions and practice activities; see Figure 8. The
Practice Object is updated through CAP Notes during a coaching session. As practices unfold, traces
of students’ practice (activities, outputs, and reflections) are automatically added to the Practice
Object to facilitate subsequent coaching sessions. Over time, a student’s Practice Object effectively

4During testing, coaches did not want to share Context and Assessment notes with students since they included private
observations. Practice Agents currently only share the issue title and compiled Plan notes with the student.
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input from student’s self-reflection

Reflection on coach’s reflection promptBReflection on help-seeking practiceA

https://github.com/NUDelta/situated-practice-system

We were able to fix the programming bug. Code is in the last commit, and there is a link to 
the demo in the README.

Chester was super nice when I asked him to help. He explained to me how React states 
work, and helped me fix the bug that I got caught up with last week. I really enjoyed 
working with him.

Yes, I completed it without issues. I’m glad I was encouraged to seek help, because I still 
felt a bit hesitant to ask for Chester’s help after the coaching meeting last week.

input from student after attempting help-seeking practice

I’ve always been able to do stuff on my own, and so has everyone around me. I think 
that’s conditioned me into never wanting to ask for help and just power through things 
that I’m stuck on.

The reflection helped me see why I don’t seek help. I think doing it, especially from 
someone who’s an expert, like Chester, made me realize that it’s fine to help-seek, and 
people can be pretty generous and non-judgmental. I still worry that not everyone will be 
as kind as Chester was…still scares me a bit to ask others on my own.

Share a link to the deliverable that shows what you worked on with the people your mentor suggested. This can 
be a Google Doc, link to a prototype on Figma, code on Github, an image, etc. For images, add the image to a 
Google Doc and provide a file link below (Right Click → Share → Copy Link). Make sure all links you provide are 
accessible to anyone (e.g., use “anyone with link” permission on Google Drive).

Fig. 7. Practice Agents prompt students for practice-specific reflections before the next coaching meeting. In
this example, Stella reflects on her help-seeking interaction with Chester, describing how it helped her fix the
software bug, and on her regulation challenge of being seen as “not smart” when seeking help (A). Then, she
reflects on why help-seeking is hard for her, a reflection prompt her coach provided (B).

prototype missing 
key feature

didn’t seek help 
on prototyping

coaching 
meetingPractice Object

Work Issues
Tracked 
Practice Gaps

slicing 
work to 

risk

CAP
Notes

need strategies for 
slicing work to risk

plan: prototype 
slice w/risk

… prototyping 
plan

Practice Traces

next coaching
meeting

cranking 
out work tends to crank than 

use better strategies
reflect: what are signs that you’re 
cranking?

Practice Gaps Suggested Practices

slicing
reflection

new 
prototype

signs of 
cranking

work 
reflection

student practices 
and reflects

self-work: build 
prototype slice

Fig. 8. Practice Objects are an evolving representation of a student’s work issues and regulation practices. A
Practice Object is updated from coaches’ use of CAP Notes during coaching meetings—storing current work
issues, new Practice Gaps and Tracked Practice Gaps, and suggested practices—and from students’ practice
and reflections. CAP Notes resurfaces collected Practice Traces at the next coaching session for review.

contains an interconnected history of the work issues they encountered, their coach’s assessments
of their practice gaps, and their regulation behaviors aimed at addressing those issues and gaps.

5.3.2 Practice Scripts for In-Situ Practice Support. To make Practice Agents executable, we develop
a Practice Compiler that generates Practice Scripts that surface practices at opportune times;
see Figure 9. For example, when a coach uses CAP Notes to suggest that a student develop a
synthesis tree to understand related work and bring it to Office Hours (A), it is handed off to a
Practice Agent and interpreted by our Practice Compiler (B). This compiler extends Garg et al.’s
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Execution
Engine

Pre-Coaching Meeting reflection

[help] let’s discuss your slice of 
rep[synthesis tree] @OfficeHours.

2. Promote practice and co-regulation

message @Stella the 
morningOf(next(
   venue.OfficeHours))

1. Summarize practice

message @Stella   
 practice.summary and
   library.synthesis_tree

3. Support reflection

message @Stella the 
dayBefore(next(
   venue.CoachingSession))
with help.reflection and 
append to practiceObject 

Pre-Office Hours preparation

Studio API
Help

Practice Agent
Practice 

Compiler

Representation &
Scaffold Library

Practice Agent interprets practice B

Coach suggests practiceA Practice Scripts are generated to 
facilitate practice and reflectionC Execution Engine engages students 

in activities at opportune momentsD

Lit review missing synthesis 

At Office Hours: let’s discuss your slice
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_______________________

_______________________

Block Kit

Builder

DTR

Sec�on

Ac�ons

Message Preview Desktop Dark



Copy Payload Clear Blocks Send to

plain text

mrkdwn

text fields

users select

sta�c select

mul� sta�c select

mul� conversa�ons
select



bu�on

link bu�on

image

slack image

overflow

datepicker

checkboxes

radio bu�ons

�mepicker

all selects

filtered conversa�ons
select



selects with ini�al
op�ons



bu�on

datepickers

checkboxes

radio bu�ons

Templates

Prac�ce Bot APP Wednesday 9:00 AM

Hey @Stella! You have an Office Hours Coaching prac�ce
opportunity later today. Here's some prac�ces from the
Coaching Mee�ng that might be helpful to work on:

get a full slice (prototype, user test, analysis) on the
help-seeking situated reflec�on example

- come to office hours with your synthesis and we can
chat about the implica�ons for your design

{
    "
      
      
      
      
"mrkdw
      
<http
You h
Coach
later 
pract
Meeti
to wo
      
      
      
      
      
      
"mrkdw
      
a ful
test, 
seeki
examp
      
      
      
      
      
      
"mrkdw
      
come 
synth
about 
your 
      
      
    ]
}

1
2
3
4
5
6

7

8
9

10
11
12
13

14

15
16
17
18
19
20

21

22
23
24
25

Payload A

Block Kit

Builder

DTR

Sec�on

Ac�ons

Divider

Image

Message Preview Desktop Dark



Copy Payload Clear Blocks Send to Slack

plain text

mrkdwn

text fields

users select

sta�c select

mul� sta�c select

mul� conversa�ons
select



bu�on

link bu�on

image

slack image

overflow

datepicker

checkboxes

radio bu�ons

�mepicker

all selects

filtered conversa�ons
select



selects with ini�al
op�ons



bu�on

datepickers

checkboxes

radio bu�ons

�mepicker

plain

Templates

Prac�ce Bot APP Monday 1:00 PM

Hey @Stella! You have an Office Hours Coaching prac�ce
opportunity later today. Here's some prac�ces from the
Coaching Mee�ng that might be helpful to work on:

lit review missing synthesis

- let's discuss your slice at Office Hours

{
    "blocks": [
        {
            "type": "
            "text": {
                "type
"mrkdwn",
                "text
<https://example.com|@
You have an Office Ho
Coaching practice opp
later today. Here's s
practices from the Co
Meeting that might be 
to work on:"
            }
        },
        {
            "type": "
            "text": {
                "type
"mrkdwn",
                "text
review missing synthe
            }
        },
        {
            "type": "
            "text": {
                "type
"mrkdwn",
                "text
let's discuss your sl
Office Hours"
            }
        }
    ]
}

1
2
3
4
5
6

7

8
9

10
11
12
13

14

15
16
17
18
19
20

21

22
23
24
25

Payload Ac�ons Preview

Block Kit

Builder

DTR

Sec�on

Ac�ons

Message Preview Desktop Dark



Copy Payload Clear Blocks Send t

plain text

mrkdwn

text fields

users select

sta�c select

mul� sta�c select

mul� conversa�ons
select



bu�on

link bu�on

image

slack image

overflow

datepicker

checkboxes

radio bu�ons

�mepicker

all selects

filtered conversa�ons
select



selects with ini�al
op�ons



bu�on

datepickers

checkboxes

radio bu�ons

Templates

Prac�ce Bot APP Monday 1:00 PM

Hey @Stella! Here's some prac�ces for you to work on
from the coaching mee�ng.

get a full slice (prototype, user test, analysis) on the
help-seeking situated reflec�on example

- Update your planning log: get a full slice of the
interac�on -- add prototyping (including the bug fixing),
tes�ng, and user test with at least 2 teams

- With @Chester: try to do a pair programming session
since he just fixed the same bug

- On your own, try to: a�er you complete a study do
takeaways from tes�ng to synthesize what you learn

- At Office Hours: come to office hours with your
synthesis and we can chat about the implica�ons for your
design

- Reflect on your own: spend some �me thinking about
how you can use help interac�ons to progress faster.
what's around this fear of feeling "not smart" when help-
seeking? how did it feel to get help on the bug this week?

{
    "
     
     
     
     
"mrkd
     
<http
Here'
to wo
meeti
     
     
     
     
     
     
"mrkd
     
a ful
test,
seeki
examp
     
     
     
     
     
     
"mrkd
     
*Upda
<http
log>:
inter
(incl
testi
least
     
     
     
     
     
     
"mrkd

1
2
3
4
5
6

7

8
9

10
11
12
13

14

15
16
17
18
19
20

21

22
23
24
25
26
27

Payload A

Fig. 9. Practice Scripts enable a coach’s suggested practice to be tracked and enacted for a student at the
appropriate times. The coach’s practice (A) is handed off to a Practice Agent, which interprets it via the Practice
Compiler (B) to generate Practice Scripts. These scripts provide a practice summary, facilitate the practice,
and facilitate reflection prior to the next coaching session (C). An execution engine based on Orchestration
Scripts [37] tracks the Practice Scripts to engage students in practice and reflection activities (D).

prior work on Orchestration Scripts [37], which provide Organizational Objects computational
abstractions that model the ways of working in an organization (e.g., processes; meeting venues;
tools) and the Studio API that provides a unified database that maps abstractions to concrete data
to make them executable (e.g., Team A meets on Monday at 10:00 AM); see Appendix C for details.
The Practice Compiler creates a suite of Practice Scripts on-the-fly (C) that (1) summarizes the
practice and shares relevant scaffolds with students; (2) reminds students of relevant practice
and co-regulation opportunities; and (3) sends practice-specific reflection scaffolds to students
before the next coaching session. Specifically, it uses a regular-expression-based parser that maps
each Practice Agent to a script template and the relevant Organizational Objects. For example, in
Figure 9, the [help] plan specifies a venue with at[OfficeHours], which the parser interprets
as the morning of the next Office Hours venue. Similarly, the parser injects links to matched
representations specified with rep[], such as the synthesis tree. Finally, the Execution Engine tracks
the execution of generated Practice Scripts across practice and reflection opportunities (D) [37]. As
a student’s practice progresses, Practice Agents will automatically collect their work and reflection
and incorporate them into the student’s Practice Object for review at the next coaching session.

5.4 Design Iterations
We made the following iterations to our design arguments, alongside addressing usability issues.

5.4.1 Useful Data for Assessing Practices. Early versions of CAP Notes did not include Practice
Traces. CAP Notes initially displayed data from workplace tools (e.g., hours spent and main stories
from a planning log) and a summary of prior practices at the top of the tool, but not linked to
specific work issues, practices, or students’ reflections and deliverables. Consequently, coaches had
few signals to evaluate how well the practices they suggested went. We resolved this by having
Practice Agents scaffold practice-specific reflections before a coaching session and include relevant
tool data (e.g., updates to planning log), which composed the Practice Trace shown to coaches,
providing clearer signals of how students were practicing to generate work outcomes.

5.4.2 Loose Structure Before Rigid Structure. CAP Notes’ structure was initially too rigid, as coaches
had to complete the Context-Assessment-Plan for each issue. We thought this would encourage
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coaches to consider practice gaps, but saw they needed to capture signals of issues first before
modeling the practice. We introduced loose structures called Issues of Concern in which coaches
could note their observations without a formal structure. When coaches are ready, these instantly
transform into a complete Context-Assessment-Plan note by clicking the issue, thereby promoting
formal modeling of the practice once issues are clearer.

5.4.3 Tracking Within and Across Weeks. CAP Notes initially lacked Tracked Practice Gaps, making
it harder to identify if a current work issue was caused by a recurring practice gap. We added these
in the Assessment section, allowing coaches to draw connections between recurring issues and the
current work situation. Moreover, the Practice Object stores the context of the current issue if a
recurring gap is attached or if an Assessment is tracked as a new gap, supporting future diagnoses.

5.4.4 Practice-Focused Versus Task-Focused Follow-Ups. CAP Notes initially encouraged coaches to
suggest task-oriented follow-ups, but not to consider regulation skills. For example, a coach could
write, “bring the bug to at[PeerHelp] to get help”, but leave the practice implicit—a peer can help
address code issues. We revised the Practice Agent’s interaction to describe the practice activity a
student could engage in, rather than the tasks to be done. For example, the coach would instead
write “[help] get help from a peer on the bug,” with the option to specify “at[PeerHelp]” to
further scaffold the student. This change enables coaches to explicitly outline the types of practices
they want students to attempt, while providing sufficient scaffolding to support their efforts.

5.5 Technical Implementation
We built Situated Practice Systems using Next.js, a React framework for full-stack web applications,
with TypeScript, Tailwind CSS, and MongoDB. CAP Notes creates a new note interface for each
project each week, automatically fetching Practice Traces and Tracked Practice Gaps. We optimized
the notetaking interface for laptop use during coaching. The system automatically saves edited
notes to the MongoDB database. Practice Agents use the Slack API to send practice suggestions via
the Practice Bot (Figure 6). Our extended Execution Engine from Orchestration Scripts [37] tracks
and surfaces practices in relevant opportunities, and prompts for practice reflections.

6 Formative Field Study Methods
To understand how the latest iteration of Situated Practice Systems supports regulation-informed
practice where earlier versions could not, we conducted a 3-week field study. We asked:
RQ1: How does CAP Notes help coaches observe and understand how students currently practice?
RQ2: How does CAP Notes help coaches assess practice issues and model new practices?
RQ3: How do Practice Agents help students facilitate regulation-informed practices?

6.1 Participants
We conducted our study in the same research learning community described in Section 3. Partici-
pants included two expert faculty coaches and seven student researchers (five undergraduates, one
master’s student, and one PhD student). For privacy, we use pseudonyms: Corey and Danielle refer
to the coaches, and all other names refer to student researchers. Each faculty coach had several
years of coaching experience. Students were members of the community for 1–3 academic terms
(Mean = 2) and were in five project teams: two teams of two students and three individual projects.
Corey advised all projects, while Danielle co-advised one project.
Because CAP Notes was used during the needfinding study, the system already had Tracked

Practice Gaps for the students. Corey had provided feedback on CAP Notes during development
and was familiar with the tool; Danielle first used it during the field study after an instructional
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session with the lead author. The lead author also introduced students to Practice Agents and
explained that they would receive practice suggestions and reflection reminders via Slack. Corey
was out of town for the first two weeks of the study and provided practice feedback asynchronously
using CAP Notes, without a coaching meeting; Danielle led the coaching sessions of the co-advised
project during the 3-week study.

6.2 Procedure
We instructed coaches to review students’ deliverables and reflections in CAP Notes before each
coaching session and use CAP Notes during coaching sessions to note observed issues and suggested
practices for their students. Students received these practices one hour after their coach completed
their notes. Practice Bot also sent practice reminders throughout the week; we instructed students
to work as usual and use them when helpful. One day before their coaching session, students
received a reflection tool to complete by the following morning.
During the deployment, coaches participated in weekly 20–30 minute semi-structured inter-

views in which they reviewed their use of CAP Notes that week. Students completed a 10-minute
retrospective weekly survey after their coaching session. The survey included 5-point Likert-type
questions (1: Strongly Disagree; 3: Neither Agree nor Disagree; 5: Strongly Agree) and open-ended
questions about: (1) coaches’ suggested practices; (2) the prompts for those practices at relevant
opportunities; and (3) the reflection process on research progress and their practice.
Following the deployment, we conducted semi-structured interviews. We asked coaches how

CAP Notes helped them understand students’ evolving practice issues over the weeks, how they
reasoned about the practices they modeled and shared, and how their students’ work processes
and regulation behaviors changed during the study. We asked students how receiving their coach’s
practice suggestions after coaching sessions and throughout the week shaped their work, how
practice-specific reflections influenced their understanding of their regulation gaps, and how
their practices changed as a result of the tool. All participants were also asked to reflect on their
concerns about using the tool. To aid recall, we showed coaches their notes for each student at each
coaching session; similarly, we showed students summaries of their coach’s practice suggestions.
Post-deployment interviews lasted 25–40 minutes.5

Before the study, all participants provided informed consent and agreed to have their data used
anonymously for research purposes. Before interviews, participants consented to audio, video, and
screen recordings; we transcribed audio recordings for analysis. The lead author conducted all
interviews in person or via Zoom. Student researchers were compensated $20 USD for completing
the weekly surveys and final interview (≈1 hour total), but not for weekly reflections or following
CAP Notes practice suggestions, which were considered part of their normal research work.6

6.3 Measures and Analysis
Our analysis is grounded in two data sources. First, we analyzed CAP Notes system logs, Practice
Traces, and student reflections to characterize: (1) the quantity and types of regulation gaps that
coaches associated with identified work issues; (2) the quantity and types of practice suggestions
offered; (3) the types of Practice Agents coaches used; (4) the frequency of Practice Agent follow-
ups after coaching meetings; and (5) how often students attempted suggested practices. We also
qualitatively coded coaches’ identified work issues for cognitive, metacognitive, and emotional
5There were a few small data issues and study adaptations to report during the field study. Kiran’s notes had a software bug
during Week 2 that prevented his coach, Corey, from taking notes, resulting in Kiran not receiving any practices or a survey
to complete that week. Will did not complete the Week 3 survey or post-deployment interview. Because Corey was out of
town during the first two weeks of the study, we conducted only one interview during that period.
6Will was provided partial compensation for his time in the study, namely $10 for completing the first two weekly surveys.
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regulation gaps to understand the frequency of each gap; see Appendix D for our codebook. We
similarly coded the content of coaches’ practice suggestions. For example, we coded a practice
suggestion that involved working with a representation as “Representing problem and solution
space”. The lead author and two undergraduate research assistants performed the qualitative coding.
Second, we analyzed open-ended interview and survey responses from coaches and students

using thematic analysis [10], focusing on three dimensions that aligned with our design goals:

RQ1: Observing existing practices and potential practice gaps.We coded coaches’ interviews
to understand how they used CAP Notes to understand prior practices. We coded students’
survey responses and interviews to understand how reflections helped them communicate
practice outcomes and self-perceptions of their practice.

RQ2: Assessing practice gaps and modeling regulation-informed practices. We coded
coaches’ interviews for how CAP Notes supported them in understanding regulation is-
sues underlying work issues—including noticing recurring practice gaps—and modeling new
practices. We coded students’ survey responses and interviews to determine how they felt
the suggested practices helped them regulate their work process during the week.

RQ3: Facilitating regulation-informed practices.We coded coaches’ perceptions of their stu-
dents’ enactment of suggested practices and regulation skills. We coded students’ survey
responses and interviews to understand how Practice Agents supported their research practice
throughout the week, and their reflections on regulation challenges.

Across all research questions, we also coded for any challenges or concerns. After coding, we
reviewed sub-themes generated from the analysis. We examined how the data confirmed or contra-
dicted themes and refined them by splitting and combining themes until they were distinct; the final
themes are presented below. The lead author conducted qualitative coding, initial theme generation,
and initial theme review for the survey and interview data. All authors collectively refined and
finalized themes. We also report quantitative data on students’ responses to the weekly Likert-type
survey questions. Together, these analyses provide a holistic account of how a Situated Practice
System can develop and facilitate regulation-informed practices, using quantitative analyses when
available and qualitative analyses of its impact on coaches’ coaching and students’ practice.

7 Formative Field Study Results
During the 3-week study, coaches identified and tracked 21 work issues among students. Across
these issues, coaches identified 22 regulation gaps (see Figure 10), 5 of which corresponded to
previously identified Tracked Practice Gaps (see Table 1). While most gaps were cognitive (16),
coaches also identified metacognitive (4) and emotional regulation gaps (2) that prevented students
from engaging in relevant practices. Coaches did not add new Tracked Practice Gaps during the
study. We hypothesize that because coaches had used the tool for almost 4 months, they had already
identified students’ recurring practice gaps by the time the study began.
To resolve work issues and regulation gaps, coaches suggested 46 practices across the four

Practice Agents ([plan]: 8, [help]: 5, [self-work]: 29, [reflect]: 4). Practice Agents shared
practice summaries with students 14 times after coaching sessions. They also followed up 3 times
for the 8 [plan] agents, prompted students the morning of a coach’s Office Hours for 2 [help]
agents, and started 2 Slack group messages to support peer help-seeking for 2 other [help] agents.
In what follows, we describe how Situated Practice Systems supported regulation-informed

practice by helping coaches observe current practices and potential gaps, assess why gaps occurred,
and suggest new practices; we also describe how Practice Agents helped students enact those
practices on their own and with others outside coaching sessions.
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Addison 
and Skyler

Will

Mason
and Harley

Kiran

Brooke

Week 1 Week 2 Week 3

Metacognitive

Leveraging resources and seeking help
Planning effective iterations
Forming feasible plans 2

2
0

Emotional
Fears and anxieties
Embracing challenges and learning

1
1

Issue without regulation gap 6

Cognitive
Representing problem and solution spaces 
Assessing risks
Critical thinking and argumentation

7
4
5

Count

Fig. 10. Across 21 work issues, coaches noted 22 regulation gaps across cognitive, metacognitive, and emotional
regulation skills. Students could have multiple work issues (separated horizontally) with multiple regulation
gaps (separated vertically). For example, in Week 1, Addison and Skyler had 1 work issue with cognitive and
metacognitive gaps; in Week 2, they had 2 work issues: 1 with a cognitive gap and 1 with no gaps.

7.1 RQ1: CAP Notes Helps Coaches More Easily Observe and Track Practice-Related
Aspects of Students’ Work

7.1.1 Understanding Emerging Practice Issues From Practice Traces. By making work practices and
regulation behaviors computationally representable, Practice Traces made students’ practices and
potential regulation gaps more apparent, even before the coaching session. Both coaches felt this
helped their coaching. For example, Corey’s students, Mason and Harley, were avoiding some
problems when solutions were unclear by jumping to others. In their reflections, they described a
possible direction as infeasible, which signaled to Corey that an underlying regulation gap might
be preventing them from persisting. Corey said, “In my mind, that direction is possible. So I know
already [from the deliverables and reflections] that they have certain fixations or mental blocks
that suggest they are worried about or unwilling [to think about that direction] or do not have
good strategies [to work on it].” This Practice Trace allowed Corey to focus the coaching session on
the underlying regulation gap, rather than only on possible solutions to the immediate work issue.

Students also found structured reflections valuable for understanding and communicating their
research progress to their coach (Mean = 4.32; Agree to Strongly Agree), which promoted dialogue
about practice issues. For example, Brooke shared how she was unclear about her takeaways from
a recent user test: “It was really helpful to go into that coaching meeting and be like, ‘all stuff was
good, but here is this thing that I was weirded out by,’ and be able to talk about that specifically.”
Contrasting CAP Notes with her earlier reflection practices, Harley shared: “earlier, we were like,
‘oh, we hit this blocker,’ but we did not tend to say, ‘what exactly is the blocker?’...With the reflection
of [‘what prevents you from doing something?’], we are more likely to take time and think through
the list of obstacles. And that’s something in addition to the original deliverable we would bring
into the coaching meeting.” In short, structured reflections helped students become more aware of
work outcomes, obstacles, the practices that produced them, and ways to improve their practice.

7.1.2 Loose Structures Help Coaches Track Fragments of Potential Issues to Discuss. CAP Notes
provided coaches with loose structures for tracking signals of work and regulation issues that
surfaced while reviewing Practice Traces and during coaching conversations. InWeek 1, for example,
Danielle shared that she, “wouldn’t have known that [Brooke] hadn’t planned in advance [of the
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from seeing no plan updates 
(but not followed up on)

from prototyping, user 
testing, and analysis of results 

Before coaching session, from Practice TracesA

noted during meeting
(but not followed-up on)

new work issue

During coaching sessionB

informed by

Fig. 11. Not all issues identified from Practice Traces or conversations during coaching sessions were addressed
with follow-up plans. For example, in Week 3, while working with Brooke, Danielle used Issues of Concern to
note planning-related issues and early results from a prototype test to discuss after reviewing Practice Traces
(A). During the coaching session (B), a relevant paper was mentioned and noted. However, she decided to
focus on helping Brooke develop and execute a good evaluation plan, rather than reading more related work.

coaching meeting], and I wouldn’t have thought to follow up with her,” had the Practice Trace not
surfaced Brooke’s empty planning log and allowed Danielle to note it as an Issue of Concern to
address in a Plan later on. In Week 3, Danielle chose not to suggest some literature that came up in
conversation because she, “didn’t think that Brooke should go down a rabbit hole [right now]. So I
wrote it down for myself, but I decided not to put that in the student-facing notes”; see Figure 11. In
this way, loose structures helped coaches capture important observations while deferring decisions
about whether and how to act on them until they had a fuller view of the practice issues.

7.2 RQ2: CAP Notes Helped Coaches Assess Regulation Gaps and Suggest
Regulation-Informed Practices

7.2.1 CAP Notes’ Notetaking Structure Encouraged Coaches to Be Explicit About Regulation Gaps.
In 14 of the 15 coaching sessions, prompting coaches to consider regulation gaps while notetaking
resulted in each project team having at least one work issue with an identified regulation gap each
week, with 71% of all work issues (15 of 21) having a regulation gap; see Figure 10.

CAP Notes encouraged coaches to connect observed work issues to underlying regulation gaps.
Although both coaches were already motivated to make these connections, they sometimes skipped
that step and suggested practice based only on the work outcome. CAP Notes made this connection
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Table 1. Tracked Practice Gaps observed by coaches Danielle and Corey in students’ work issues. Students
not listed below had no work issues with prior practice gaps; no new gaps were created during the study.

Student(s) Tracked Practice Gap Week 1 Issues Week 2 Issues Week 3 Issues

Will Has maybe a fear of
imperfection and may
shy away from really
doing the work where
it’s important but
uncomfortable

None None Asking for references on
digitization instead of
trying it himself

Mason and
Harley

Plowing ahead / Not
following through on a
way of thought

None None Lacking insight on
conceptual differences
(and not writing that in
the hypothesis) and not
following through

Brooke Using good
representations to guide
thinking and writing

Diagram of your
understanding of the
relationship between
beliefs, emotions, and
actions

Full slice (design, test,
reflect) on the belief
elicitation stage

None Riskiest risk is the
evaluation plan and
getting concrete on the
outcomes and arguments

explicit in the notetaking process. For instance, Brooke struggled with planning effective research
iterations and with using working representations to structure her analysis. In the Week 2 meeting,
Danielle focused her notes on how Brooke’s revised prototype should function when taking notes,
but not on these regulation gaps. Upon review, she noticed a missing Assessment for the work
issue: “[CAP Notes] was really encouraging me to think in a different way about the student’s work
process.” As a result, she noted that Brooke, ‘wasn’t taking time to step back and think about her
big takeaways and next steps based on what she learned,’ as an Assessment. She then revised her
Plans to suggest a corresponding practice, saying: “I explicitly asked her to synthesize and told her
a little bit of what I would want to see. I think she’s struggling with this, and I reflected on that [in
Assessment], which I might not have done if I were just writing free-form notes...I realized, ‘oh,
yeah, I need to help scaffold [the synthesis] after the [user] test.’ ”
Because Practice Objects tracked practice issues over time, they enabled CAP Notes to help

coaches recognize students’ recurring regulation gaps across different work issues. Tracked Practice
Gaps shown in the Assessment portion of CAP Notes helped coaches identify five new work issues
that shared the same regulation issue as a prior practice gap; see Table 1. For example, Danielle
shared how Brooke was, “lacking good representation in her work and thinking”, saying, “she comes
in, and she’s just spewing information that is not organized well.” This recognition led Danielle to
repeatedly suggest practices with representations to help Brooke structure her thinking. These
cases illustrate how coaches can maintain and develop a model of students’ practice across weeks
that informs the practices they suggest, rather than only tracking task progress and troubleshooting.
Lastly, CAP Notes helped coaches identify both easier-to-diagnose cognitive regulation gaps

(e.g., using effective representations for thinking) and less apparent metacognitive and emotional
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regulation gaps (six of the 22 identified gaps). When a student struggles to progress, a coach’s first
reaction is often to suggest a cognitive scaffold (e.g., a diagram for writing in our needfinding study).
However, when students fail to use these scaffolds, underlying non-cognitive regulation gaps often
prevent progress. We found this was the case for all students except Brooke. For instance, Mason
and Harley would quickly jump to new problems rather than persist with difficult ones. Corey
initially suggested cognitive scaffolds to help them think more deeply (see Figure 10, Weeks 1 and
2), but later realized that they were avoiding the problem when it became less clear and therefore
not applying the scaffolds (see Figure 10, Week 3). Will had a similar experience while writing a
findings draft; Corey recognized from Will’s past patterns that he was afraid to write about things
he did not completely understand and confront the feeling of not knowing something (see Table 1),
instead of “speculating” on unclear parts that might reveal new issues to address.

7.2.2 Coaches’ Practice Suggestions Embedded Regulation Strategies. 33 of the 46 suggested practices
(71%) included at least one regulation skill, suggesting that CAP Notes helped coaches connect
strategies for progressing work to the regulation issues hindering progress. With CAP Notes, the
links among work outcomes, practice issues, and new practices were explicit, as Corey explained:
“Plans were synthesized and structured: here’s the [work] issue, here’s some of the underlying
[practice] reasons why it’s happening, here’s what we could do to address those underlying reasons.
So that we address this issue, and we’ll bring in this kind of deliverable.” For instance, Addison and
Skyler were struggling to plan effective milestones for their study analysis, particularly how to
represent their findings. Corey could have suggested, “plan out some milestones for analysis,” but
because he noticed that their existing representation was too high-level, he included: “Can you
think of a set of questions/goals you might have for understanding the example? Can you break it
down more (your representation is still pretty high level—and not very detailed)?”
Students found that coaches’ practices suggested clear ways to self-regulate while working

(Mean = 4.06, Agree to Strongly Agree). Before CAP Notes, students struggled to capture the
specific aspects of practice their coaches wanted them to try. For example, a coach might suggest
where the risks in the students’ research lie, but not specific scaffolds that could help (e.g., a study
design template for planning a user study). Students could also forget the details of how to practice,
when many issues and practices were discussed. Written practice suggestions helped students
prioritize what their coach considered important and how to work on it. Mason said, “Sometimes
we went over many different problems in the research we are facing, and just remembering from
the coaching meeting, sometimes we can miss some important points. And the practice [we get
sent] is very directly pointed to what we should be focusing on this sprint....there was a suggestion
about how to think about the distinctive difference and the features. That feedback from our coach
is especially helpful to give us some guidance towards solving the problem a bit more by ourselves.”

7.3 RQ3: Practice Agents Facilitate Students’ Practice Through In-Situ Reminders and
Post-Practice Reflections

7.3.1 Students Found Their Coach’s Suggested Practice Actionable. Practice Agents helped students
enact their coaches’ suggested practices. Based on students’ reflections, 36 of the 46 suggested
practices were attempted (≈78%), including 5 of 8 [plan], 23 of 29 [self-work], 4 of 5 [help], and
4 of 4 [reflect] practices.7,8 Students found that Practice Agent reminders helped them decide

7Will was suggested 2 [self-work] practices in Week 3 of the study. However, he did not complete the final survey,
interview, or reflection tool. As such, we include him as not attempting the suggested practice here.
8In survey responses, students shared they did not attempt 3 cases of [self-work] due to limited time in the final week of
the study, and one case due to running out of time for the practice that week. For the single help practice not attempted,
the students met with their coaches elsewhere and did not need to schedule a separate meeting.
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how to focus practice throughout the week (Mean = 4.06, Agree), and that the reminders were
timely for practice opportunities (Mean = 4.25, Agree to Strongly Agree).
Before Practice Agents, students and coaches were often misaligned about how to practice.

Danielle shared: “[Before SPS], there were often miscommunications about what work should be
done, where the student did stuff that wasn’t in line with what we’re looking for. That definitely
didn’t happen [during the study].” By sharing coaches’ detailed practice notes after the coaching
meeting, Practice Agents clarified which issues to focus on and which regulation strategies to apply.
Skyler shared how, “there’s a lot of information being thrown back and forth [during coaching],
that makes it hard to have that, ‘Okay, here’s exactly the next thing to do or what to keep in mind,’
and I think it helps to receive that from the coach in a distilled version.”
Practice Agents helped students practice on their own and co-regulate with peers and coaches

outside coaching sessions. One mechanism was initiating conversations, which lowered the bar-
riers to reaching out to peers. For example, Mason, Harley, and Kiran—who worked on similar
projects within the same research sub-group—all described how they missed opportunities to work
together on a similar problem until one of Corey’s [help] agents reminded them to. Harley shared,
“sometimes you forget to follow up, especially with your group-mates...it broadens your thinking
that way...[The reminder to set up a meeting] was needed...we had been pushing it off.” Practice
Agents also helped students prepare for upcoming help venues (e.g., Office Hours) rather than
simply showing up, as they had often done before. Harley shared: “[it was helpful] having that
reminder if Corey suggests you come to Office Hours, then probably he thinks something is risky,
and you should either talk about it ahead of time or prepare something to talk about.” Skyler shared
a similar experience: “it was easy to not adequately prepare for Office Hours when sometimes
things slip our mind as we go throughout the week.”
Practice Agents also increased coaches’ confidence that students were engaging with their

regulation-informed practice suggestions. Corey said: “I have not had to worry about what students
practice during the week, nearly as much as I used to. I used to check in on people mid-week, like,
‘hey, what did you take out of the coaching meeting? What are you practicing right now? Did you
do this or that?’, to keep tabs on all the students, and I don’t have to anymore.” Coaches also felt
that students were progressing in line with their expectations. Danielle shared: “[previously] things
got lost in translation, and what ends up on their planning log, or what they end up doing, is not in
line with what you thought they were gonna do. [With CAP Notes], it was like: here’s the three
things I want you to do, and [Brooke] did those three things.”

7.3.2 Students Began to Understand How Their Regulation Skills Were Developing. Every student
described attempts to address regulation gaps that had hindered their research practice, as Practice
Agents promoted reflection on those patterns (Mean = 4.11, Agree to Strongly Agree). In the final
interview, Addison and Skyler described becoming more comfortable working with incomplete
or imperfect understanding, a pattern that had affected their ability to apply Corey’s suggested
strategies. Addison shared, “I’ve been trying to better understand that it’s okay to produce something
that’s not good...I feel like I have, previously, and still am, been too focused on doing the best possible
job to the point where it prevents me from working.” Kiran shared that he had struggled to think
deeply about problems because he would jump from topic to topic when a problem became difficult.
In contrast, now he tries: “to approach my risks more head-on, and stop avoiding my risks, and
also be more patient and then think problems more thoroughly, give a little more time to process.”
Finally, Brooke described learning to use better representations for thinking and communicating
her research, an issue Danielle had previously raised: “[Before] I was fantastic at making things that
[Danielle] did not understand...Now, I see representations as a way to tell a story about what I’ve
learned (and share details through discussion).” Corey felt that students advanced both their work
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and their regulation skills, sharing: “It seems to me that [students] receive [the practical advice on
the project and the link to some regulation gap]—like they actually got it and are practicing on
regulation issues while they’re working, or at least very aware of them now.” These findings suggest
that Situated Practice Systems can help students recognize how recurring mindsets, attitudes, and
practice patterns hinder their research, and can support the development of regulation strategies
or ways of working that make them more effective beyond the immediate work issues.

7.4 Potential Challenges With Situated Practice Systems
While our study shows early promise for how Situated Practice Systems can support the develop-
ment and enactment of regulation-informed practices, we also observed two notable challenges.

7.4.1 Practice Trace Quality and Understanding Practices. Although Practice Traces were critical
for coaches’ understanding of students’ practices between coaching sessions, their quality varied.
Unclear deliverables or poorer reflections provide weaker signals of potential regulation issues,
requiring more diagnostic work during coaching meetings. Corey shared: “you don’t really get
everything that students are thinking by just looking at the deliverables and a really brief reflection.
When the reflections are better, you get a [more of a] glimpse into how the students are thinking
about [their work and practice].” Students also noted that producing high-quality deliverables
and reflections can be challenging. For example, Harley said: “we struggle with representing
our deliverables in a way that makes sense even without you describing it.” Mason found some
reflections challenging, saying: “I always struggled to answer, ‘How did your understanding change?’
Sometimes, it’s hard to identify the change in understanding we have.” Thus, while Practice Traces
made students’ practices more legible to coaches, producing useful deliverables and reflections is
itself a developing regulation skill that students may require coaching on.

7.4.2 Level of Scaffolding Provided to Facilitate Practices. Sharing practices with students requires
balancing the scaffolding needed for enactment with the other regulation skills students need to
practice. On the one hand, practices must be sufficiently scaffolded so students can enact them.
While students generally found practices helpful, they sometimes did not feel they were actionable
(Mean = 3.89, between Neither Agree nor Disagree and Agree), or it was unclear what successful
practice looked like (Mean = 3.79). Sometimes, practices included high-level deliverables but few
details. For example, Addison shared: “one of the practices was ‘complete a full slice’ [of needfinding,
prototyping, and user testing] which was difficult given that we weren’t completely sure what
a full slice should look like.” On the other hand, practices can be too scaffolded, taking away
from the student the development of planning-related regulation skills. Early in the study, both
coaches felt their guidance was too explicit and detracted from the planning work. Later, their
suggestions became more open-ended, specifying goals while leaving room to plan details. Danielle
shared: “I’m leaning away from giving [Brooke] explicit direction on things that I want her to adapt
based on how things are changing over time, versus the things that I put, which are all definite
intermediate deliverables [to do].” Harley described these as scaffolds for prioritizing: “Especially
with the suggestions of, ‘Come to Office Hours,’ ‘work on this before the Lab Meeting,’ even having a
suggestion with that [opportunity], helps you think about planning your work during the week and
what you should have done by when.” Put another way, allowing students to fully self-direct their
work risks missed opportunities to practice specific regulation skills. Conversely, when coaches
structure those opportunities, they may bypass planning-related regulation skills. Understanding
this balance and which skills require practice at a given time will be critical to providing students
with practice across the range of skills needed to become independent practitioners.
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8 Discussion and Future Work
There is a pressing need for college students to develop the regulation skills needed to lead
innovation work, yet even expert coaches can struggle to help without computational support. We
introduced Situated Practice Systems, which embed computation into the process of understanding,
modeling, and facilitating regulation-informed practices for innovation work. Our user study
demonstrates how our system supports coaches’ understanding of andmodeling of student practices,
and facilitates students’ practice of new strategies outside of coaching sessions. Below, we revisit the
design principles of Situated Practice Systems, suggest future technical directions to improve their
efficacy, and reflect on the design of future learning environments to support practice development.

8.1 Design Principles of Situated Practice Systems
8.1.1 Focus on Practice and Regulation, Not Tasks. Designing authentic learning environments
for developing a practice and building regulation skills has historically been challenging because
the coaching task is complex and difficult. A core innovation of our work is developing tools that
explicitly support understanding, modeling, and facilitating students’ practice and regulation. In our
study, we found that these tools helped coaches and students to reflect on and discuss students’
practices and regulation gaps. Coaching meetings were more practice-centric, and coaches were
able to build an explicit model of how their students were practicing, understand why practices
were failing, and suggest new regulation-informed practices that not only address issues with work
tasks but help students to recognize and work with their underlying regulation gaps (see Figure 10).
Put differently, Situated Practice Systems facilitated coaches focusing on developing the regulation
skills needed for students to self-direct complex work and to become independent (teach them how
to fish), rather than to simply troubleshoot their projects (give them fish).

8.1.2 Make Work Practices and Regulation Strategies Computational. While highlighting regulation
gaps and introducing new practices are helpful, students often need additional support to implement
them. Situated Practice Systems make work practices and regulation strategies computational. This
allows it to provide software agents that scaffold practice and reflection. Coaches can then provide
tailored guidance on how the student should practice, which is then surfaced during practice
opportunities outside of coaching meetings. In our study, we observed that coaches suggested 46
practices that provided concrete guidance and resources to help students practice outside coaching
sessions. In this way, making work practices computational allows a coach to extend their support
by facilitating the (suggested) use of diverse communal learning resources beyond the coach.

8.1.3 Support Working With Recurring Regulation Gaps and Patterns. Gaps in regulation skills
are often persistent issues for students that recur across work situations and tasks. Coaches can
struggle to realize that the same pattern is affecting a new work issue, especially when tracking
regulation gaps across many students. Situated Practice Systems foreground recurring regulation
gaps and encourage explicit reflection on them in connection to work issues. Part of this tracking
involves identifying how disparate work issues may share the same underlying regulation gaps,
for which coaches can provide tailored practice strategies to address specific instances of these
recurring gaps. In our study, our system helped coaches identify recurring regulation gaps for four
of the students (see Table 1) and enabled them to suggest tailored, situated strategies for continued
practice. This helps coaches view a student’s struggle less as a set of disconnected work issues
across weeks and more as an unfolding of the same recurring regulation gaps and patterns across
situations, which they can help students learn to address.

8.1.4 Integrating Humans and Machines for Regulation Coaching. Lastly, we designed Situated
Practice Systems to involve humans and machines in complementary ways. Coaches are in control
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of the diagnosis process, while being supported by computational affordances that track and surface
relevant practice information. Once a coach diagnoses a regulation gap and suggests a new practice,
it is then handed off to a machine to facilitate. In contrast, AI systems that fully automate coaching
(e.g., ITS in closed domains [4, 57]; LLM-based coaches [46, 47]) are not capable of diagnosing
regulation gaps on their own, and may be undesirable anyway given the importance of building
the student-coach relationship (see Section 8.3). Instead, our approach clearly delineates and uses
the complementary strengths of coaches and computation to support diagnosis and practice.

8.2 Future Directions for Situated Practice Systems and Regulation Coaching Tools
8.2.1 Practice Agents and an Ecosystem of Support. Practice Agents open a rich interactional space
for how software agents can support practice development. Our current implementation focused
on a small set of core regulation skills (i.e., planning, self-work, help-seeking, and reflection) and
provided simple scaffolds for practicing them (e.g., static templates), which already helped students
engage in practices that address work issues and regulation gaps identified by coaches. It also
allowed coaches to offload the need to present practices to students and to track them manually
across the week. In the future, Practice Agents could enlist other systems that provide practice
and task support, such as planning tools [87, 88], structured reflection tools [71], and help-finding
tools [2, 65]. Furthermore, Practice Agents could incorporate advances in large language models
(LLMs), for example, by custom-tailoring practice or reflection scaffolds [46].

8.2.2 Practice Objects and Long-Term Development. Practice Objects help to track a student’s
practice over an extended period of time. Students may need to develop many regulation skills to
pursue innovation work, which can be challenging to do simultaneously. This requires coaches
to select which to prioritize, for instance, at times under-emphasizing planning skills in favor of
teaching representational structures for thinking. Moreover, seemingly “resolved” regulation gaps
can resurface in new work issues, such as when a student who no longer fears writing discovers a
fear of building systems. Future iterations of Situated Practice Systems could help coaches consider
how to support student practice over longer time horizons, for instance, by considering which
practices and skills are most developmentally supportive at any given time.

8.2.3 Difficulties in Diagnosing Regulation Gaps. Identifying regulation gaps can still be challenging,
as their patterns may only become apparent over time and only after being recognized in some
work issues. In our study, we observed that it took Corey 2–3 coaching sessions to realize why
Will, Mason, and Harley could not fully apply the suggested cognitive scaffolds. While underlying
regulation gaps will remain difficult to identify, some technologies may help. For instance, we
envision extending the Assessment portion of CAPNotes with a diagnostic environment that surfaces
common practice challenges across different tasks (e.g., scoping a complex prototype; managing
emotional reactions when working on something new). In a different direction, we can advance the
design of learning communities and practices that encourage students to proactively reflect on and
share regulation-related challenges with coaches (see Section 8.3.1).

8.2.4 Managing the IncreasedWork From Situated Practice Systems. While Situated Practice Systems
are beneficial for practice development, our study revealed that they increased the time spent on
work for both students and coaches. On the student side, while much of the additional work—
constructing clear deliverables and reflecting on their practice—is an important part of self-direction,
coaches will need to set expectations for this work and create space for it as part of the learning
curriculum (i.e., some work hours allocated to reflection and documentation) so it is seen as a
learning activity and not “busy work”. On the coach side, SPS adds additional work beyond the
coaching session time they already provide, which can quickly become intractable if theywant to use

Proc. ACM Hum.-Comput. Interact., Vol. 10, No. 6, Article CSCW153. Publication date: October 2026.



CSCW153:26 Kapil Garg, Darren Gergle, & Haoqi Zhang

our system for coaching larger numbers of students. Such additional work can create an imbalance
between those who put in the work and those who benefit (a historic CSCW challenge [41]),
affecting the long-term viability of using our system. In our study, both coaches shared that
continued use would require small adaptations to the coaching meeting structure, allowing them
to model practices within the meeting’s time constraints (e.g., 25 minutes for mentoring, 5 minutes
for modeling). Future work can also consider dispersing the responsibility of understanding and
modeling practices to more senior peers in a learning community [36], or consider the adoption of
LLM-based tools to support modeling practices and regulation gaps (e.g., [3, 9, 29, 30, 46, 83, 106]),
including generating initial practice suggestions that coaches and students can then refine.

8.3 Towards Practice-Oriented Learning Environments
While we argue that technology is needed to support the development of regulation-informed
practice, questions remain about how to create effective learning environments for practice de-
velopment in which such technology will succeed. To close, we reflect on our experience in the
studied DTR community as lessons for future learning environment designers.

8.3.1 Developing a Culture for Learning Regulation Skills. Situated Practice Systems require learning
communities that foster a culture in which students want to move towards becoming independent
innovators, which requires introspection into themselves and their regulation behaviors. In DTR,
these are core learning objectives supported at every level, whereby goal-setting, coaching, and
evaluations are entirely practice-centered and regulation-oriented instead of product or project
outcome-focused. Moreover, the community makes time to discuss the challenges of self-directing
research, spending up to an hour each week sitting in a circle to reflect together on how research is
progressing, again with a focus on regulation challenges. Such activities normalize the challenging
process of learning regulation skills and celebrate wins when a student shares how they are over-
coming a long-standing regulation gap. In addition, addressing ineffective patterns and developing
new self-beliefs takes time. While it may be tempting for coaches to scaffold students past their
current level of development to accelerate project progress, we argue that communities that focus
on learning to self-direct innovation work must value and prioritize developing the regulation
skills needed for students to become independent, rather than prioritizing short-term productivity.

8.3.2 Shifts in Coach and Student Responsibilities. Having a culture of regulation-informed practice
shifts the roles of coaches and students within the community. In many PBL settings, students
focus on developing domain-specific skills through an applied project, with the coach providing
project-specific feedback. In a regulation-focused setting, students’ focus shifts to understanding
their practices and learning more effective regulation strategies, while the coaches’ responsibility
shifts to helping students grow in this way. For example, in DTR, coaching sessions were primarily
focused on students reflecting on their work and exploring new ways to practice, with project
feedback reserved for the end of the meeting.

While we expect other communities will need to make similar shifts, they are likely to be uncom-
fortable. Students are asked to introspect and to work on letting go of (potentially long-standing)
patterns in favor of more effective behaviors. Coaches, who are accustomed to understanding project
issues, may feel uncomfortable or ill-equipped to ask students about their emotions and beliefs—for
instance, their fears or anxieties—and may require additional training and preparation. Acknowledg-
ing such discomforts and training gaps, and recognizing the value of regulation-informed coaching
and practice, will be crucial to adopting a practice-focused orientation in learning communities.

Moreover, as AI tools for work and learning become increasingly capable in domain-specific skills
(e.g., coding, writing), we believe the most effective practitioners will be the ones who practice, and
who can effectively regulate their work and learning while incorporating AI tools as collaborative
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agents rather than fully offloading their work [76, 91, 92]. Such changes in how we work and learn
further highlight the need for learning environments to emphasize the development of regulation
skills over domain-specific skills alone.

8.3.3 Technology-Inspired Changes in Coaching Practice. Situated Practice Systems allow us to
ask more of coaches: to look across work issues and skills, see how the student is progressing
at the practice level, and prioritize addressing regulation gaps rather than only troubleshooting
project progress. In other words, Situated Practice Systems help transform the practice of coaching
from project-focused to regulation-focused by integrating computation into the coaching process
at a level previously unexplored in coaching or productivity tools. Communities interested in
practice and regulation will increasingly need to consider adopting practice-oriented tools such as
SPS or updating their existing tools to be more practice-oriented. For example, software-focused
communities could modify tools like GitHub to better facilitate practice-oriented discussions
between experienced and novice developers throughout the planning and development process.

8.3.4 Psychological Safety and Ethical Considerations. Lastly, all students need to feel psycho-
logically safe to be open and transparent about their practice and regulation. Students may not
feel comfortable sharing their struggles. They may fear judgment from peers or their coaches, or
be understandably concerned that what they share could lead to a negative assessment during
grading. To foster trust among students, coaches, and peers, we recommend the following. First,
any regulation gaps shared by a student remain private to them and their coach unless they choose
to share them more broadly, both in conversation and within Situated Practice Systems. Second,
while openness is encouraged, students must retain control over whether and when they discuss a
particular issue, without fear of negative consequences. Third, any formal assessments (i.e., grades)
in the learning environment should reflect students’ efforts and progress toward developing a
regulation-informed practice, rather than whether they have reached a predetermined level of
competence within a prescribed timeframe. Above all, fostering greater compassion for students’
regulation challenges and who they are as people can help us develop learning environments in
which students’ current and future selves are both seen and held. We meet students where they are
on their path toward becoming more independent and able to lead innovation work.

8.4 Study Limitations
While we focused on developing regulation skills, we did not assess whether students could
independently apply them in new situations. Although some evidence suggests that students self-
monitor for practice opportunities, our study’s structure and length do not allow us to conclude
that students can apply practices effectively and independently, especially given the challenges of
applying abstract practices to new work situations. Future studies could examine how well students
learn practices and how a Situated Practice System supports them.
Second, the research team’s involvement in the community may bias our study. We chose this

community because of the need for regulation skills to participate in the work (research), the
emphasis that coaches place on teaching those skills, and students’ desire to learn them. Moreover,
this community already had rich tooling (e.g., planning, help-seeking, and communication tools
with APIs) that our system could build upon, as well as numerous collaboration structures in which
students can co-regulate practices with peers and coaches outside of coaching sessions. Future
work can investigate these tools in other learning environments, including how our approach is
applicable in other contexts and what adaptations are necessary.
Finally, while our formative study already shows promise for how technology can support

regulation skill development, future work should conduct further summative studies. These could
include larger learning communities, other settings (e.g., entrepreneurship [47]), and controlled
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comparisons, such as a basic notetaking tool without CAP Notes’ structured notetaking affordances
or Practice Agents that share summaries but not in-situ practice suggestions. These studies could
also measure the difficulty of the regulation coaching task, including increased cognitive overhead.
These would help reaffirm our formative results and provide further insights on how Situated
Practice Systems support regulation-informed practice (e.g., whether practices are transferable).

9 Conclusion
Despite the critical need for students to lead innovation work, college project-based learning (PBL)
environments risk underpreparing them by over-focusing on project progress rather than the core
cognitive, metacognitive, and emotional regulation skills required for such work. While expert
coaching can help, diagnosing and tracking students’ regulation behaviors remain challenging
without computational support. We introduced Situated Practice Systems (SPS) that use computation
to support understanding, modeling, and facilitating regulation-informed practices through an
Interactive Context-Assessment-Plan (CAP) Notes tool for coaches to understand and model students’
practices and Practice Agents for students to help facilitate their practice. SPS uses Practice Objects
to represent practices and regulation behaviors computationally and their evolution as the student
practices, and Practice Scripts to automatically surface practice suggestions in relevant situations.
Our formative 3-week field study in a research learning community demonstrates how SPS helped
coaches provide regulation-informed practices and guided students in adopting new ways of
working on their own and with others. These findings hold promise for the role that computation
can play in shifting learning communities toward becoming more practice- and regulation-oriented
for developing the next generation of innovators.
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A Example Design Argument Template from ARS

Desired User Outcome
What should users do? What 
should happen when they do it?

Obstacles to User Outcome
Where do existing solutions go 
wrong? Why can the users 
currently not meet their goal?

Design Characteristic
What is the core characteristic of 
your design?

Argument for Your Design
Why would your design work? In 
other words, why would your 
characteristic overcome the 
obstacle to reach the outcome?

User wants to do X… But can’t with approach Y 
because…

We introduce characteristic Z 
that…

Z overcomes obstacles with Y to 
reach user outcome X by…

✅/❌ Is this a real example of 
what the user wants to be able to 
do?

✅/❌ Is your outcome written in 
a way that will be measurable 
when you test? (i.e., will you be 
able to know that your design 
characteristic successfully helped 
your user achieve their desired 
outcome?)

✅/❌ Does this obstacle 
encompass a core user  struggle?

✅/❌ Does the obstacle clearly 
describe how it prevents the 
desired outcome from being 
reached?

✅/❌ Does the obstacle present 
an argument (reason) behind why 
existing designs are not reaching 
the outcome (as opposed to just 
rephrasing that the outcome is not 
being reached)?

✅/❌ Is the statement of the 
obstacle something that is 
concrete enough to be 
measurable or observable?

✅/❌ Is your characteristic 
sufficiently detailed such that 
someone could go and implement 
it as you intended?

✅/❌ Does the characteristic 
clearly distinguish your design 
from other possible designs 
(especially existing designs that 
do not solve the problem)? (i.e., 
are you sure that it is not too 
similar to other, unsuccessful 
solutions?)

✅/❌ Does your proposed 
characteristic actually resolve the 
obstacle and help the user meet 
their goal?

✅/❌ Does your argument 
explain how the characteristic 
overcomes the obstacle to reach 
the desired outcome?

✅/❌ Does this argument 
explain why the characteristic 
overcomes the obstacle to reach 
the desired outcome?

Fig. 12. Representations are frequently used in ARS [105] to support students in their argumentation. Here,
we see a Design Argument Template that guides students through user needs, obstacles to meeting those
needs, a new design characteristic, and an argument for why the characteristic would be effective. The bottom
row includes scaffolding questions to help students assess the quality of their argument.

B ReflectionQuestions by Practice Agent
Students were asked the following questions for each Practice Agent.

B.1 [plan]
No reflection questions were asked for planning-only practices.

B.2 [reflect]
If the practice was attempted:

• Enter your reflections on the prompt your mentor suggested above.
• How did this reflection help you understand how you currently practice andwhy that happens,
and how your practices could change? What was helpful? What obstacles or concerns do
you still have?

B.3 [self-work]
If the practice was attempted:

• Share a link to the deliverable that shows what you worked on (e.g., a Google Doc, Figma
prototype, GitHub repository, or image). For images, add them to a Google Doc and share
the link. Ensure the link is accessible to anyone who has it.

• How did your understanding change? What new risk(s) do you see?
• What obstacles came up in trying to do it, if any?
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If the practice was not attempted:

• What prevented you from doing this work practice? Why did this prevent you from doing it
(e.g., lack of time, no longer important after addressing another risk)?

• Are there other strategies that you could have tried? For example, could your mentor or your
peers have helped you? Why or why not?

B.4 [help]
Help-seeking practices varied across contexts.

B.4.1 Office Hours. If the practice was attempted:

• Share a link to an image of what you worked on or discussed at Office Hours. For images,
add them to a Google Doc and share the link. Ensure the link is accessible to anyone who
has it.

• How did Office Hours help progress your understanding? What new risk(s) did it reveal?
• What obstacles came up during Office Hours, if any?

If the practice was not attempted:

• Did anything prevent you from attending Office Hours this week? If so, why?
• Did anything prevent you from working on the suggested practice at Office Hours? If so,
why?

B.4.2 Peer Help. If the practice was attempted:

• Share a link to the deliverable that shows what you worked on at Peer Help (e.g., a Google
Doc, Figma prototype, GitHub repository, or image). Ensure the link is accessible to anyone
who has it.

• What did working with a peer help you accomplish? How did that help you progress your
sprint?

• Were you able to complete your help request? If not, what obstacles came up (e.g., the help
request was not sufficiently scoped)?

If the practice was not attempted:

• Did anything prevent you from attending Peer Help this week? If so, why?
• Did anything prevent you from working on the suggested practice at Peer Help (e.g.,
completing an activity to slice a task for peer help)?

B.4.3 Working With Suggested Others. If the practice was attempted:

• Share a link to the deliverable that shows what you worked on with the people your mentor
suggested (e.g., a Google Doc, Figma prototype, GitHub repository, or image). Ensure the
link is accessible to anyone who has it.

• What did working with the people your mentor suggested help you accomplish? How did
that help you progress your sprint?

• Were you able to complete your help request? If not, what obstacles came up (e.g., a new
issue emerged during help-seeking)?

If the practice was not attempted:

• Did anything prevent you from asking the people your mentor suggested for help? If so,
why?
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C Orchestration Scripts for Computationally Supporting Situated Work Activities
Figure 13 describes how Orchestration Scripts [37] enable pre-encoded situated work processes
to be computationally facilitated. Our Situated Practice System extends this system to execute
on-demand Practice Scripts to support novices’ practice development (see Section 5.3.2).
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Fig. 13. Orchestration Scripts [37] enable computationally encoding Situated Work Processes that organiza-
tions want to foster as Situated Process Scripts, such as helping students plan feasible research sprints. These
are encoded using Organizational Object abstractions that model an organization’s ways of working—their
work processes, tools, social structures, and collaboration venues. Scripts encoded using these abstractions are
executed by an Execution Engine that pulls data from a Studio API—which contains specific information about
the organization—and surfaces strategies at relevant practice opportunities throughout the work process.

D Codebook for Practice Gaps in Work Issues from Coaches’ CAP Notes

Table 2. Qualitative codes for cognitive regulation gaps. These correspond to instances where the student was
lacking the skills to approach problems with an unknown answer or to determine exactly what the problem is.

Regulation Gap Code Example for Coders

Representing problem and solution spaces: The way
the student structures or presents the information does not
effectively support reasoning, analysis, or communication.

Jacob struggles to create a representation that would help
him show both a working example and one where the system
breaks down, so the system’s limitations can be understood.

Assessing risks: The student struggles with identifying
the riskiest risks and/or prioritizing them. They may skip
ahead, take on unnecessary or unimportant tasks, or pursue
impractical plans because they do not properly assess and
prioritize the risks.

John wasted time jumping ahead by creating multiple very
detailed mockups when he should have been focusing on
the riskiest risk at hand: identifying his target audience and
conducting needfinding.

Critical thinking and argumentation: The student strug-
gles to construct well-reasoned arguments supported by ev-
idence or lacks a conceptual understanding of the task at
hand. They might find it difficult to identify conceptual dif-
ferences, treating concepts as too similar when they actually
differ meaningfully.

Eloise does not fully understand what a regulation gap is
or how to distinguish among the different types, and keeps
making the wrong changes to her prototypes as a result.
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Table 3. Qualitative codes for metacognitive regulation gaps. These correspond to instances in which the
student struggled with planning, help-seeking, collaboration, and reflection.

Regulation Gap Code Example for Coders

Forming feasible plans: The student struggles to develop
structured, realistic, and actionable plans. This could include
what their outcome should be and how to measure their
outcome.

Penelope overloaded herself with tasks this sprint. While she
got a lot of them done, she had limited depth in each because
she was spread too thin.

Planning effective iterations: The student struggles to
create a deliverable that addresses the sprint’s riskiest risk.
The student may struggle with slicing, breaking larger prob-
lems into smaller ones, prioritization, or understanding the
problem.

David’s prototype included multiple unnecessary features
that did not support his research hypothesis, preventing him
from testing it this week.

Leveraging resources and seeking help: The student
struggles to identify and use available materials, expertise
from others, and information to enhance their learning and
problem-solving.

Peter was struggling with a programming bug, but decided
to keep working on it himself rather than ask his peers for
help or resources.

Table 4. Qualitative codes for emotional regulation gaps. These correspond to instances in which the student
had dispositions towards themselves and learning that affect their motivation, cognition, and metacognition.

Regulation Gap Code Example for Coders

Fears and anxieties: The student may have a fear of im-
perfection, failures, not knowing, etc., which causes them
to shy away from the work, and/or not want to try things
themselves.

Jennifer had a well-planned sprint to carry out, but got too
caught up in designing the solution perfectly rather than
building a first prototype.

Embracing challenges and learning: The student tries to
brute force their way through a solution or runs away from
it, rather than thinking about the strategy and approach.

Riley’s system was not producing her optimal output, so she
tried to overfit to a single example rather than taking a step
back to observe the patterns that caused the system to fail.
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