Check for
Updates

Co-designing Large Language Model Tools for Project-Based
Learning with K12 Educators

Prerna Ravi

John Masla

Gisella Kakoti

Massachusetts Institute of Technology =~ Massachusetts Institute of Technology = Massachusetts Institute of Technology

Cambridge, MA, USA
prernar@mit.edu

Grace C. Lin

Cambridge, MA, USA
j_masla@mit.edu

Emma Anderson

Cambridge, MA, USA
gkakoti@alum.mit.edu

Matt Taylor

Massachusetts Institute of Technology =~ Massachusetts Institute of Technology = Massachusetts Institute of Technology

Cambridge, MA, USA
gcl@mit.edu

Anastasia K. Ostrowski
Purdue University
West Lafayette, IN, USA
akostrow@purdue.edu

Cambridge, MA, USA
eanderso@mit.edu

Cynthia Breazeal

Massachusetts Institute of Technology =~ Massachusetts Institute of Technology
Cambridge, MA, USA

cynthiab@media.mit.edu

Cambridge, MA, USA
mewtaylor@gmail.com

Eric Klopfer

Cambridge, MA, USA
klopfer@mit.edu

Hal Abelson
Massachusetts Institute of Technology
Cambridge, MA, USA
hal@mit.edu

Abstract

The emergence of generative Al, particularly large language models
(LLMs), has opened the door for student-centered and active learn-
ing methods like project-based learning (PBL). However, PBL poses
practical implementation challenges for educators around project
design and management, assessment, and balancing student guid-
ance with student autonomy. The following research documents a
co-design process with interdisciplinary K-12 teachers to explore
and address the current PBL challenges they face. Through teacher-
driven interviews, collaborative workshops, and iterative design
of wireframes, we gathered evidence for ways LLMs can support
teachers in implementing high-quality PBL pedagogy by automat-
ing routine tasks and enhancing personalized learning. Teachers in
the study advocated for supporting their professional growth and
augmenting their current roles without replacing them. They also
identified affordances and challenges around classroom integration,
including resource requirements and constraints, ethical concerns,
and potential immediate and long-term impacts. Drawing on these,
we propose design guidelines for future deployment of LLM tools
in PBL.
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1 INTRODUCTION

Project-based learning (PBL) has gained prominence as a K-12 edu-
cational approach that immerses students in meaningful, real-world
tasks, fostering deeper learning experiences [17, 27, 94, 96, 115].
Unlike traditional instructional methods, PBL emphasizes student-
centered pedagogy, where learners actively construct knowledge
through exploration, collaboration, and reflection [32, 89, 99]. By
providing students with opportunities to explore topics of personal
and cultural relevance, PBL supports diverse learning needs and
backgrounds, making education more inclusive and accessible.
While PBL offers significant benefits to students, it also neces-
sitates a fundamental shift in educators’ roles from knowledge
providers to learning facilitators [41, 112]. This requires educators
to adopt new pedagogical strategies, manage complex classroom
dynamics and provide ongoing, formative assessments that support
student learning [5, 110]. Challenges to PBL implementation include
designing standards-aligned projects that meet diverse student
needs, managing planning time, transitioning students to active
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roles [27, 41, 46, 119, 129, 136, 147], creating authentic driving ques-
tions and assessing interpersonal skills, which traditional assess-
ment methods often fail to capture [3, 16, 19, 31, 80, 84, 147]. Such
challenges emphasize the need for nuanced instructional strategies
for PBL that better capture the scope of student learning [147].

To address these challenges, the Human-Computer Interaction
(HCI) community has shown a rising interest in generative artifi-
cial intelligence (GenAl) systems for education [22, 51, 86, 118, 123,
141, 147]. Large language models (LLMs) in particular are uniquely
suited to address the inherent complexities of PBL [50, 88, 146] due
to their capacity to personalize learning and offer real-time custom
feedback with the potential to support differentiated instruction in
PBL contexts [4, 11, 67]. By automating routine tasks and augment-
ing project workflows, these tools could help streamline classroom
management, thereby supporting teachers in delivering more en-
gaging learning experiences [68, 147]. Given the potential of LLMs
to transform PBL, it is essential that these tools are designed pri-
oritizing educators’ needs and experiences, with teachers actively
involved in the design process [13, 52, 83, 97, 139].

1.1 Our Contribution

To the best of our knowledge, this is the first co-design study with
K-12 teachers aimed specifically at incorporating LLMs into PBL
pedagogy. Given the unprecedented and rapidly advancing nature
of GenAl and its ethical considerations, our research is particularly
timely. Our research objectives (RO) include:

(1) Explore Demands and Challenges in PBL: We inves-
tigated specific challenges educators encounter when im-
plementing PBL in their classrooms, focusing on how they
assess student learning outcomes in areas such as teamwork,
creativity, and problem-solving.

(2) Co-design GenAl Tools for PBL: Next, we explored how
GenAl-powered tools, co-designed with interdisciplinary
educators, could address diverse needs and challenges of
PBL environments. Our co-design workshops examined how
these tools could alleviate teachers’ workloads while sup-
porting their current practices, pedagogical goals, and pro-
fessional growth. We constructed wireframes embodying
teachers’ values and received iterative feedback, from teach-
ers with diverse expertise, on their potential integration into
PBL environments.

(3) Outline Design Considerations for LLM Tools in PBL:
Finally, we propose a set of design guidelines for LLM tools
that educational technology designers and educators may
find valuable for assessing student progress, setting learning
goals, providing iterative and personalized feedback, and
managing resources, timelines, and artifacts across different
student projects and milestones.

Our findings provide valuable insights into shaping the future
use of LLMs in PBL, guiding and encouraging its responsible imple-
mentation in classrooms. It should be noted that although we used
the term GenAl for the study framing with our participants, they
focused on a particular type of GenAI: LLMs for their proposed
solutions. Because of this duality, both these terms are used in this

paper.
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2 RELATED WORK
2.1 Project-Based Learning

Rooted in constructivist learning theories, project-based learning
(PBL) places students at the center of the learning process, chal-
lenging conventional education practices and redefining the roles
of teaching, learning, and school organization [45, 49, 66, 142]. Un-
like problem-based learning, which promotes promotes deductive
reasoning [32, 131], and involves structured evaluation based on
how well a student’s solution addresses a defined problem (e.g., de-
signing a more effective trash can to improve adoption or conduct-
ing participatory action research on a social issue), project-based
learning engages students in complex, real-world tasks to create a
broader range of artifacts (e.g. reports, models, and presentations)
that demonstrate learning [14, 27, 68, 90, 130, 131] (e.g., using photo-
journalism to explore local flora and fauna or writing a comic book
to analyze tropes in the hero’s journey). This fosters creativity and
critical thinking through open-ended driving questions (e.g. “what
is the proper role of government in a democracy?”) [16, 35, 95, 124].
Research has consistently demonstrated the numerous benefits of
PBL across various educational contexts. Unlike traditional instruc-
tion, PBL (1) encourages students to delve deeply into the subject
matter, fostering a more profound understanding of the material
[17, 27, 94, 115]; (2) enhances mastery of subjects and supports the
development of critical 21st-century skills like collaboration and
communication [27, 32, 89, 99]; (3) boosts motivation, and engage-
ment [15, 16, 55, 58, 60, 61]; and (4) develops metacognitive skills
by helping students assess their progress and continuously improve
[15, 40, 129, 131, 134].

While PBL is inherently student-centered, the success of this
approach is heavily influenced by the role of teachers as facili-
tators, guiding and scaffolding student learning [14]. This shift
in roles and professional identity requires teachers to adapt their
pedagogical approaches and develop new skills, often leading to
greater ownership, self-efficacy, and confidence in their teaching
[29, 54, 101]. However, transitioning to PBL often requires targeted
professional development (PD) that provides teachers with peer
collaboration, reflection, and ongoing support during PBL imple-
mentation [2, 16, 37, 102, 143]. Given the pivotal role of teachers in
harnessing PBL benefits, our research reveals their needs and ex-
plores how LLMs could support them in successfully implementing
PBL and foster continued professional growth.

To maximize the effectiveness of these tools, it is essential to con-
sider challenges teachers encounter during PBL implementation,
especially around generating authentic driving questions, manag-
ing time and group work, and balancing instructor-led guidance
with student-directed learning [85, 130, 147]. Students’ discomfort
with the cognitive and social demands of PBL can lead to frustra-
tion, particularly among high-achieving students accustomed to
traditional instruction [32]. In addition, teachers face challenges
initiating inquiry, facilitating dialogue, and scaffolding learning
[62, 69, 103, 105, 106]. Assessing student learning in PBL is also
notably difficult, as traditional tests often fail to capture the depth
of understanding that PBL aims to develop. Performance-based
assessments are hard to implement reliably [10, 34, 56, 85], student
artifacts can be difficult to score consistently, and teachers lack
the time to provide personalized student feedback [53]. Integrating
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technology is also challenging due to broader institutional factors
such as limited resources, district mandates, and lack of school tech
maintenance and support [147]. Our study unpacks these PBL chal-
lenges in the literature through the nuanced experiences of teachers
in interdisciplinary settings and explores how LLMs impact their
roles and instructional practices.

2.2 Al Tools to Support PBL Pedagogical Needs

AT’s capacity to personalize learning is beneficial in PBL settings
where differentiated instruction is crucial. Al tools can support
targeted instruction by tailoring lessons for diverse learners, en-
couraging student iteration on artifacts, and adapting materials to
individual student strengths and weaknesses [4, 11, 67]. Helping
students manage time and materials efficiently, tools like Trello and
Cronofy, integrated with Al plug-ins, can predict resource needs
[127]. Al-assisted design tools like Autodesk Dreamcatcher and
intelligent project management software such as Asana and Mon-
day.com can facilitate student project management, allowing them
to focus on creative and critical thinking [127].

Considering project collaboration and knowledge construction[11,
38, 127], research scholars have discussed how Al can evaluate
group performance by analyzing interaction patterns and predict-
ing outcomes based on academic and behavioral data, enabling more
effective grouping strategies [24, 113]. Al systems can also guide
students toward productive problem-solving, suggesting activities
on collaborative styles, and pedagogical interventions to improve
group work [1, 39, 70]. Considering grading in PBL, Al-powered
assessment systems, such as Automated Essay Scoring (AES) and
Automated Written Corrective Feedback (AWCF), can offer real-
time, continuous feedback, helping students to refine their work
iteratively [33, 109]. These systems not only reduce the teacher’s
workload but also enhance the accuracy and efficiency of grading,
allowing teachers to focus on more meaningful interactions with
students [93]. Al can also support formative assessment practices in
PBL by providing insights into students’ progress, helping teachers
guide and support students more effectively [74].

Despite potential benefits, integrating LLMs into PBL presents
challenges, such as biased algorithms, that necessitates careful
design and human oversight to ensure fairness and accuracy in
assessment and feedback [114]. Comprehensive PD is needed for
teachers to use LLM tools responsibly and equitably [9, 74], under-
stand their long-term effects across age groups and subject areas,
and address ethical concerns like data privacy [11, 140, 144]. In
our current work, we aim to overcome some of these challenges
by co-designing GenAl-powered support systems with teachers in
PBL settings. This is unlike recent studies that have focused on
co-designing these tools with students in the higher education con-
texts [50, 88, 146, 147]. We also examine challenges more unique to
K-12 PBL, that emphasizes scaffolding and skill-building [32].

2.3 Co-designing Educational Tools with
Teachers
Co-design is a collaborative, iterative process where teachers, re-

searchers, and developers jointly design, prototype, and evalu-
ate educational tools [108]. This approach leverages stakeholders’
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expertise to address concrete educational needs, making it well-
suited for creating technology-enhanced learning environments
that are contextually relevant and practical for real-world class-
rooms [20, 30, 78]. Studies have documented the co-design of mobile
science applications, scripted wiki environments, and other edu-
cational technologies that support authentic scientific inquiry and
other pedagogical practices [30, 98, 121, 145].

Involving teachers in the co-design process enhances develop-
ment efficiency, increases teacher agency and ownership, and pro-
motes higher adoption rates and sustained use of educational tools
beyond the initial study [13, 52, 77, 83, 97, 139]. Co-design can also
serve as a form of professional development, enabling teachers
to deepen their understanding of new technologies and explore
ways to incorporate them into instructional strategies [13, 137, 139].
Because co-design fosters a more reciprocal and participatory ap-
proach [6], it has the potential to upend the traditional, unidirec-
tional process of educational technology [128] and enables teachers
to engage with complex topics beyond their expertise [36]. Further-
more, co-design has the potential to influence the broader sociocul-
tural context of schools and drive systemic change in educational
technology design and implementation by reshaping power dynam-
ics and promoting an ethics of care within educational research and
design [57, 81, 138]. Scholars have however noted that involving
teachers in the human centered design process happens less often
in K-12 settings compared to higher education [132].

3 METHODS

We conducted two studies: the first with expert PBL teachers and
the second with teachers who had varying levels of PBL expertise.
We explain our definition for expertise in section 3.1.1. By involv-
ing both groups, we sought to address the varied challenges and
opportunities in PBL classrooms. Our studies were approved by
the Institutional Review Board (IRB) at Massachusetts Institute of
Technology. We obtained informed consent from all participants.

3.1 STUDY 1

In this study, we engaged interdisciplinary teachers with high lev-
els of PBL experience and comfort. We worked with experts to
leverage their deep pedagogical knowledge and refined understand-
ing of effective PBL strategies, accumulated through years of trial,
reflection, and adaptation. They participated in semi-structured
interviews, a two-step co-design process, and feedback sessions
on wireframes. We followed guidelines put forth in the literature
[79, 91] by incorporating a mix of both divergent and convergent
design thinking opportunities for participants. The divergent stages
facilitated the generation of numerous ideas and concepts, while
convergent stages focused on refining and narrowing down these
ideas [91]. By offering diverse tools and activities, we enabled par-
ticipants to discover the most effective methods for articulating
their thoughts and generating new ideas [91].

3.1.1 Participants and Recruitment. Eleven participants were
recruited via mailing lists, direct emails, collaborations, and social
media across the United States. We specifically recruited partici-
pants with high levels of experience and comfort with PBL. This
was the only precondition to participate in the study. Teachers were
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compensated $200 for participation (of approximately 10 hours) on
this study.

Teachers completed a pre-survey covering demographic infor-
mation and details regarding their past PBL and GenAl experience
as part of the recruitment process. We received over 50 responses
from interested teachers. We narrowed this list down to select our
final 11 participants for the study [23]. We aimed to have a diverse
sample by selecting teachers from multiple U.S. states, school sys-
tems (rural/urban/suburban areas as well as public/private schools
with varied resource access [47]), subject backgrounds, varying
levels of GenAlI experience, and diverse student age groups. We
also sought teachers from both STEM and non-STEM classrooms,
those who work with historically marginalized students, and those
who have taught PBL online [42, 104, 133, 135]. We wanted to in-
tentionally design GenAlI PBL tools with the above factors in mind
from the beginning to ensure inclusive educational practices and
avoid exacerbating existing disparities [42].

Table 1 breaks down the participants recruited (from the pre-
survey responses). The teachers instructed various subjects, includ-
ing computer science (n = 3), history (n = 2), English (n = 1), math
(n = 2), and design, tech, and engineering (n = 3). Additionally, P06
served as a tech integration specialist, collaborating with other
teachers to design and implement technology-enhanced projects.
P05 and P07 taught PBL in online settings. Teachers, on average,
had 5+ years of experience implementing PBL and reported an av-
erage comfort level of 4.6/5. In this study, we define PBL expertise
as a combination of years of experience and comfort levels (show-
ing self-efficacy) resulting from focused PBL implementation [116].
Comfort, in particular, is influenced not only by prior experience
but also by the school systems teachers operate within. For instance,
P03 described themselves as a PBL expert despite having relatively
few years of experience, attributing their confidence to the rigorous
training and practice received from working at a school strongly
focused on experiential learning [73].

3.1.2 Data Collection.

Interviews. Between the months of March and April 2024, we
conducted 11 semi-structured interviews [72]. All interviews were
audio recorded with participant consent, ranged from 60-90 min-
utes each, and were conducted remotely via Zoom. We used these
interviews as an opportunity to build rapport with our participants
prior to co-design. The narrative style of the interview encouraged
participants to engage in divergent thinking, allowing them to re-
spond to open-ended questions freely with minimal redirection
from the interviewers [91].

During the interviews, we asked participants about their teach-
ing contexts and experiences with PBL, starting with its integration
into the curriculum, alignment with other methods, technology
use, and contextual factors like teacher-student ratios. We then
explored strategies for maintaining coherence across projects, fos-
tering student engagement, and tracking progress. A significant
portion of the interviews focused on assessments, including ap-
proaches to grading, rubric use, and challenges with differentiation
and progress tracking. We also asked teachers about helping stu-
dents transition from traditional learning to PBL, and their views
on scaffolding techniques and the open-ended nature of PBL. The
recruitment survey responses from our 11 participants informed
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these interview questions (see Table 1). In addition, the broader top-
ics in the protocol were decided based on the discussions outlined
in the literature review by Condliffe et al. [32].

Co-design Workshops. We conducted two co-design workshops
(each lasting 2.5-3 hours) with teachers to explore how GenAlI tools
could support diverse PBL classroom needs without disrupting
current practices. Due to teachers’ limited availability and varying
schedules, each workshop was divided into three smaller group
sessions with three to four teachers, enabling focused, interactive
discussions in a manageable online setting. The sessions, which
included teachers from different subject areas to ensure diverse
perspectives, were conducted remotely via Zoom and recorded
with participants’ consent. Below, we outline the structure and
activities of each workshop:

Workshop 1. The first co-design workshop aimed to identify
key PBL challenges and explore how GenAlI could help alleviate
teacher workload. Each session included three to four teachers, a
facilitator, and a notetaker. The make-up of each group was:

e Group 1: P11 (Computer Science), P06 (Design, Tech, Engi-
neering), P03 (History), P07 (Mathematics)

e Group 2: P05 (Design, Tech, Engineering), P02 (Computer
Science), P04 (Mathematics)

e Group 3: P01 (English), P08 (Computer Science), P10 (Design,
Tech, Engineering), P09 (History)

Workshop participants engaged in hands-on tasks below to fos-
ter creative thinking and group collaboration, with discussions
throughout to explore their ideas:

(1) After establishing workshop norms [91], participants used
Miro boards for three five-minute rounds of open brain-
storming. They filled post-it notes identifying (1) key chal-
lenges in PBL, shared (2) past strategies and tools they had
used to address those challenges, and (3) envisioned dream
tool features. After brainstorming rounds, participants re-
viewed the post-it notes, labeled promising ideas, and linked
them to past experiences and potential concerns. They then
grouped these ideas into categories on the Miro boards,
which helped reinforce the ideas that emerged from our
interviews.

(2) We then gave a presentation about GenAl with examples
of the technology’s use cases in K-12 education. We explained
how ChatGPT works and encouraged participants to use
this knowledge to explore its potential and limitations in
classrooms. Teachers also shared their experiences using
these tools in their teaching. Our teachers gravitated towards
using LLMs during subsequent stages of the study, even
though they may have referred to GenAlI during discussions
as it was a more commonly recognized term for them.

(3) Finally, participants expanded on the initial problem scoping
to ideate where GenAlI (particularly LLMs) could be incor-
porated into their selected category from the board. They
created storyboards [21] of concrete scenarios depicting
PBL implementation challenges and a concept of how a fic-
tional LLM tool could serve as a solution in their everyday
teaching context. These storyboards were then shared and
discussed within the group.
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Participant | Gender | Available Subjects Student Age- | Years of | Comfort lev- | GenAlI Tool
School Details groups experience | els with PBL | Experience
with PBL
P01 F public, urban, so- | English 9th-12th grade, | More than 5 | 5 5
cioeconomically higher ed, adults | years
disadvantaged
students
P02 M public, suburban | Computer Sci- | 9th-12th More than 5 | 5 3
ence years
P03 M public, experi- | History 9th-12th 1-2 years 4 2
ential learning
school
P04 M public, urban, so- | Mathematics | 9th-12th 3-5 years 4 3
cioeconomically
disadvantaged
students
P05 F public, online | Design, Tech, | 9th-12th, higher | More than 5 | 5 4
teaching and Eng ed, adults years
Po6 F public, rural Design, Tech, | 3rd-5th, 6th-8th | More than 5 | 4 5
and Eng years
P07 M online teaching | Mathematics | 3rd-5th  grade, | More than 5 | 5 4
6th-8th, 9th-12th | years
P08 F private Computer Sci- | 3rd-5th, 6th-8th, | 3-5 years 4 3
ence 9th-12th, higher
ed, adults
P09 M private History kindergarten, More than 5 | 5 4
1st-2nd, 3rd-5th, | years
6th-8th
P10 F private, urban Design, Tech, | 9th-12th More than 5 | 5 4
and Eng years
P11 F public, suburban | Computer Sci- | 9th-12th More than 5 | 5 2
ence years

Written material from the participants and notetakers, and audio
recordings of the small group discussions were collected online for

analysis.

Workshop 2. We summarized the brainstorming boards and sto-
ryboards from Workshop 1 to guide activities for Workshop 2 that
developed conceptual design prototypes for PBL GenAl tools. Each
group session consisted of three to four teachers, a primary facilita-
tor, and a notetaker (similar to Workshop 1). We tried to reorganize
participant groups to encourage a wider range of discussions across
the two workshops:

e Group 1: P11 (Computer Science), P05 (Design, Tech, Engi-
neering), P09 (History)
e Group 2: P01 (English), P08 (Computer Science), P10 (Design,

Tech, Engineering)

e Group 3: P03 (History), P06 (Tech Integration: all subjects),
P02 (Computer Science), P04 (Mathematics)

In this workshop, participants developed conceptual prototypes
based on the storyboards from Workshop 1. They discussed their
tools’ LLM roles, its ethical impact on stakeholders, and classroom

Table 1: Study 1 participants’ details, N=11

integration constraints by collaboratively completing worksheets
with specific prompts using Google Slides, suitable for the remote
setting. An example of blank worksheets from some of the steps
below is shown in Figure 1. We summarize this process below:

(1) Define Final Tool Idea: Participant groups first selected
1-2 storyboards with overlapping themes for further explo-
ration, wrote a detailed description, and ensured all members
agreed on the concept, which became the basis for their final
prototype.

(2) Identify Stakeholders: Participants then identified direct

and indirect stakeholders involved in their chosen scenarios

and their specific roles and interaction with the tool.

Identify How the GenAl Prototype Is Used: Next, they

detailed the role of the GenAl in the selected scenarios.

Groups created a list of envisioned features, considered their

data-sharing requirements, preferred devices for deployment

(phone, tablet, or laptop), and potential integration with ex-

isting Learning Management Systems (LMS) like Canvas,

Google Classroom, etc.

—
(&S
=
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Step 4: Stakeholders Matrix

ethical implications handout

List the values, benefits, and harms for each stakeholder for your tool below
Values: core principles or standards that stakeholders hold important. These
are the foundational beliefs that guide their expectations and interactions with
the tool.

Benefits: positive outcomes or advantages that stakeholders gain from using
the tool. Harms: potential negative outcomes or disadvantages that
stakeholders might experience due to the tool's implementation.

Stakeholders Values (what do = Benefits (how Harms (how
they care will this tool might this tool
about?) help them) harm them)

Ravi, et al.

Step 5: Ethical impact of tool

handout

Based on the handout and stakeholders from previous slide, answer the
following. Think of concerns they may raise around ethics, personal agency,
and privacy for teachers and students:

What are the immediate short-term benefits and harms of such a tool in your
classroom?

What are the long-term benefits and harms of such a tool in the PBL
community?

How will you ensure transparency in communicating the tool’s use to
students?

Figure 1: Examples of blank worksheets distributed to participants in workshop 2 outlining stakeholder impacts and ethical

implications of PBL-LLM tools

(4) Ethical Implications: We then led participants through
discussions of their designs’ societal impacts. Participants
received an ethical implications handout to identify values,
benefits, and potential harms for each stakeholder group
from Step 2 [7, 8, 75]. They also investigated the immediate
short-term and long-term consequences of using this tool in
their classrooms and the PBL community.

(5) Classroom Constraints: Finally, participants considered
practical aspects of integrating their prototype in their schools,
including resource requirements, tool training and mainte-
nance, anticipated challenges (technical, logistical, pedagog-
ical), and strategies to address these challenges effectively.

Prototype worksheets, facilitator notes, and audio recordings of
discussions were collected for analysis.

PBL GenAI Wireframes Walkthrough. Using data from in-
terviews and co-design sessions, we created wireframes outlining
valuable design features for teachers using PBL, focusing on cur-
riculum support (project brainstorming and lesson planning), as-
sessment support (rubric creation with differentiation and grading),
and progress tracking (monitoring progress at the individual stu-
dent, group, and class levels). These wireframes and support areas,
described further in our results section, were reviewed in one-on-
one sessions with teachers, who assessed the usability of the tool’s

wireframes within their classroom contexts and unique pedagog-
ical practices. Sessions were conducted remotely via Zoom and
recorded with consent. We expanded on this feedback by including
other teachers outside Study 1 (Section 3.2.1). We administered a
post-survey at the end to understand participants’ perceptions of
GenAl and PBL and gather their reflections on Study 1’s activities.

3.1.3 Data Analysis. We transcribed all interviews and took an
inductive, iterative approach to thematic analysis [18]. Initial codes
were identified from the transcripts and refined into broader themes,
which were continuously reviewed to accurately capture partici-
pants’ insights. Two researchers then coded the transcripts, achiev-
ing a Cohen’s kappa of 0.906 on 40% of the data, indicating sub-
stantial interrater reliability [82, 122]. We then deductively applied
these themes to the rest of our co-design and wireframe testing
data [12].

3.2 STUDY 2

The bulk of the co-design process was conducted with the expert
teachers in Study 1. Following this, we conducted a second study
involving teachers with varying levels of experience and comfort
with PBL (and hence varying expertise as per our definition in 3.1.1).
This workshop aimed to gather a wider range of perspectives from a
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l Pre-survey metric

Collated particpant responses ‘

Participants’ gender

14 female and 16 male

Subjects taught (multi-select)

Education (1)

Science (15), Mathematics (7), Computer Science (6), Engineering and
Technology (4), STEAM (3), English (1), Business (1), and Teacher

Students’ age groups (multi-select)
above (21)

Kindergarten (2), 1st-5th grade (7), 6th-8th grade (14), 9th grade and

Experience with PBL

46% for more than 5 years, 23% for 3-5 years, and 31% for a year or less.

Comfort levels with PBL (scale 1-5)

5:40%, 4: 26.7%, 3: 16.7%, 2: 10%, 1: 6.7%

Describe past PBL experience

comes): 33%

Difficult (Significant challenges, poor engagement, and outcomes): 23%
Neutral (mix of challenges and successes): 46%
Very successful (Highly positive, engaged students, and excellent out-

Experience with GenAlI tools like ChatGPT

1: 20%, 2: 26.7%, 3: 26.7%, 4: 20%, 5: 6.7%

Table 2: Study 2 participants’ details, N=30

diverse group of teachers, ensuring the tool wireframes could adapt
to different teaching styles and classroom environments (as per
RO2). This approach also evaluated the tool’s potential to reduce
barriers of entry to PBL and allow educators to focus more on
experiential learning and holistic development.

3.2.1 Participants and Recruitment. Thirty STEM teachers
from diverse U.S. states and school contexts were recruited in col-
laboration with the MIT Scheller Teacher Education Program and
MIT Alumni Clubs. These teachers, admitted to the Science and
Engineering Program for Teachers (SEPT) program, participated in
a 2-hour workshop on GenAlI for project-based and collaborative
learning. We distributed a pre-survey to explore the backgrounds,
subjects, and experiences of workshop participants (see Table 2).
Teachers primarily taught middle and high school students and had
different levels of PBL experience (average of 3.4 years) and comfort
(average of 3.8/5) resulting in varying expertise. Participants were
equally divided between those who had found success with PBL
and those who had not.

3.2.2 Data Collection. Study 2’s workshop started with brief
discussions on participants’ perceptions of GenAlI and collabora-
tive learning. Following these, participants were divided into three
groups based on their pedagogical interests: curriculum planning,
assessment, and progress monitoring. Similar to our procedure at
the end of section 3.1.2 of Study 1, we walked Study 2 participants in
our small group sessions through the same set of wireframes, which
focused on curriculum support, assessment support, and progress
tracking. After a brief review, discussions centered on the specific
support area participants in the small group had selected. Partic-
ipants explored the wireframes, provided feedback, and assessed
usability in their classroom contexts. They also identified tool tasks
best kept human-driven, and their impact on teaching creativity,
well-being, workload, and stress. We followed this with a post-
survey to gauge participants’ excitement and concerns on GenAl,
interest in PBL, desired additional features for the wireframes, and
onboarding resources needed for classroom use.

3.2.3 Data Analysis. Discussions from all three groups were au-
dio recorded with consent from participants for the purposes of

transcription. We then deductively applied the same themes from
Study 1 to code our data from Study 2 [12]. For the purposes of
this paper, we focus on Study 1’s interviews and co-design
workshops, as well as the PBL GenAI wireframes and their
feedback from Study 1 and Study 2. Note that the feedback
on the wireframes has been analyzed and discussed by com-
bining the results from both studies, as they together shaped
the design guidelines and future directions for the tool.

4 RESULTS

Table 3 shows themes and their corresponding definitions that
emerged from our data. Section 4.1 delves into Category A themes
that set the stage for foundational PBL needs and Category B themes
regarding challenging aspects associated with addressing these
needs. Section 4.2 highlights Category C themes that suggest path-
ways for integrating GenAl (specifically LLMs) into PBL, drawing
on key insights from our two co-design workshops. Finally, Section
4.3 presents wireframes for our proposed PBL LLM tools, synthe-
sizing themes from all three categories. This mapping of research
objectives, study stages, and themes is shown in Figures 2 and 3.

4.1 Exploring Demands and Challenges in
Project-Based Learning (Category A and B
themes)

We present findings from our interviews in Study 1, focusing on
themes highlighting teachers’ core beliefs about the demands of
high-quality PBL implementation (Category A in 4.1.1) and the
challenges for them and their students (Category B in 4.1.2). These
answer RO1. We recognize that some of the findings from these
interviews align with themes already discussed in the literature.
However, our primary aim was to build relationships with our
teachers by gaining a nuanced, in-depth understanding of the types
of projects they implement within their distinct subject areas, along
with the specific challenges they face. By centering teachers’ voices
and lived experiences, we capture and communicate the authentic
context of their pedagogy, enabling readers to better appreciate
how the subsequent co-design artifacts are shaped by and respond
to their unique classroom demands.
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l Category

“ Themes

[ Definitions

|

(A) Set stage for PBL needs

school context

details on subjects taught, grades, public/private school, student back-
grounds, teacher experience, the way PBL is structured in the school

specific project examples

specific examples that teachers gave on projects they have implemented
in their classrooms. Include details about the project sp we know what
is, not just in reference to other parts pedagogy.

student agency

how teachers give students autonomy, choice, freedom on projects,
including group formation

student differentiation

how material/grading/instruction is adapted for different groups/needs
of students, including personalized support. Supports for some stu-
dents.

student scaffolding

any and all tools/strategies for scaffolding different parts of PBL for
students. Supports all students get.

teacher role

role of teacher in PBL setting

personalized feedback

how individual and personal feedback is given to every student

goals, checklists, progress
tracking

anything around setting goals, milestones, checklists, deadlines, moni-
toring regular progress etc. (exit tickets)

online learning platforms
and tools

types of online learning platforms and grading platforms used (e.g.
Canvas, Google Classroom)

rubrics/grading scales

details on rubrics and grading schemes/strategies used for evaluating
different parts of projects

self and peer reflections

any details on self and peer reflections/feedback as part of projects

managing student groups

details on managing student groups and dynamics, interpersonal skills
and interactions. conflict resolution, assigned roles, leveraging different
strengths etc.

remote PBL

experiences and challenges of PBL in online settings. Includes structure
and procedures for conducting class

PBL inclusion

details on gender gaps, STEM, equity, etc.

(B) Challenging aspects

PBL challenges for students

specific details on challenges encountered by students in PBL

PBL challenges for teachers

specific details on PBL challenges encountered by teachers

PBL teacher perceptions

teacher perceptions of PBL

PBL student perceptions

student perceptions of PBL

(C) AI + PBL

Al perceptions

any details on teacher’s perceptions/details of Al, including GenAI

current Al uses/challenges
in classroom

details on use cases and challenges from using Al in classrooms

PBL wish list

details on things teachers wish for in the future in their classrooms

Table 3: Final set of themes and their definitions from our data analysis. These span three main types: (A) those that set the
stage for PBL needs, (B) those that describe challenging aspects of PBL implementation, and (C) those that show Al integration

in PBL

4.1.1 Demands in Project-Based Learning. Teachers in our
study emphasized the distinct elements of PBL that had to be ad-
dressed to foster engagement and promote deeper learning. P10
stressed the importance of focusing on the big picture while man-
aging granular project details, helping students see the connections
between project components. Teachers underscored the interdisci-
plinary nature of PBL, requiring them to develop the expertise to
integrate subjects like physics, engineering, and design, to foster
holistic learning. The adaptability and improvisational aspects
of PBL were recurrent themes, as illustrated by P06:

“Last year, I was ready to throw my 3D printer out
the window because students couldn’t even name their
projects properly despite detailed instructions. I had to
rethink my approach and make tweaks...Flexibility and

recognizing that you don’t have everything figured out
is key to successful PBL.” — P06

Teachers shared how prior PD experiences, including work-
shops and training, were crucial for implementing PBL effectively
and staying current with evolving educational practices and tech-
nologies. They also spoke about their roles and responsibilities
as “expert facilitators and coaches”, helping students navigate
projects while promoting independence. P02 noted that much of the
time was spent observing, asking questions, and offering support
as needed, allowing students to explore and experiment. Handling
multiple projects required effective context-switching and orga-
nization. P07 stressed building student confidence, particularly in
challenging subjects like math, and creating a supportive classroom
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Study 1: Expert PBL

Study 2: Teachers with
varying levels of PBL

expertise [l Study 1 + Study 2 teachers
4.1 Surveys & Interviews :

| ! Surveys & polls ! 4.3 PBL Al Tool Wireframe

. 4.1Investigating demands ! Prototypes and Testing

| and challenges in PBL | i

teachers

I Discussions on past
through interviews reflecting experiences with Al and PBL
on past experiences Discussions, evaluation, &
‘ ‘ l ! feedback on:
l - 4.3.1 Curriculum supports
i ! 4.3.3 Progress tracking
Problem Space j Discussions on Al i supports
Brainstorming, GenAl I Perceptions, Collaborative
Introduction, and 3 Learning, and Evolving
Storyboarding GenAl . Teacher Roles and Identities

Concepts

4.2.2 Co-design Workshop 2

Conceptual Prototyping of
PBL GenAl Tools,
Discussions on Ethical
Impacts and Classroom
Integration

Figure 2: A timeline illustrating the various stages of our study alongside the corresponding paper section numbers where their
findings are discussed. For Study 2, note that we present findings from the final wireframe testing phase only, as mentioned in
Section 3.2.3

Research Objective Study Stage Coded Themes

Category A: Setting the

RO1: Explore demands & | Study 1: Expert PBL teachers stage for PBL needs

. h ] +
challenges in PBL * 4.1 Study 1: Surveys and Interviews Category B: Challenging
aspects of PBL
* 4.2.1 Study 1: Co-design Workshop 1
* 4.2.2 Study 1: Co-design Workshop 2
Category C: Al

Study 2: Teachers with varying levels of PBL expertise integration in PBL

« Study 2: Surveys and Polls

Study 2: Small di i
RO2: Co-design Al Tools udy mall group discussions

for PBL Category A: Setting the
stage for PBL needs

+
Study 1 + Study 2 teachers Category B: Challenging
4.3 PBL Al Tool Wireframe Prototypes and Testing aspects of PBL

+
Category C: Al
integration in PBL

RO3: Outline Design
Considerations for Al
PBL Tools

5.2 Discussion: Al Design Recommendations for

Project-based Learning N/A

Figure 3: A figure displaying the mapping of research objectives to the different stages of the study and their results’ coded
themes



CHI ’25, April 26-May 01, 2025, Yokohama, Japan

where mistakes were part of learning. Our teachers relied on stan-
dardized rubrics and project descriptions to ensure fairness, but
they had to adapt the content to different abilities, necessitating
the creation of multiple versions of resources. Teachers also un-
derstood that some students preferred hands-off approaches while
others needed frequent support, and they balanced these needs
through annotated monitoring and personalized interactions:

"Some students embrace it and love the challenge and
freedom to explore in their own way. Others resist and
rebel against it, preferring a more traditional approach
with worksheets, lectures, and tests. And then there’s
everything in between. Some are willing but don’t know
how to do it." ~P03

Teachers used scaffolding tools like checklists to help stu-
dents adapt to PBL’s self-directed approach, keeping them orga-
nized and focused. They mapped rubric items to content standards
and other criteria, such as creativity and sustainability, refining
these annually to match evolving goals. To manage group projects,
teachers proactively defined tasks and deadlines for individual mem-
bers, conducted regular check-ins, and encouraged reflection,
ensuring equitable contributions and progress. These strategies
fostered a structured yet flexible learning environment, enhancing
students’ time management, self-assessment, problem-solving, and
metacognitive skills.

4.1.2 Challenges in Project-Based Learning. Implementing
PBL presented organizational difficulties for teachers, balancing
content depth and breadth, and managing diverse student needs.
The shift from traditional assessments to more dynamic, project-
based evaluations also demanded innovative assessment meth-
ods. P02 highlighted the challenges of evaluating open-ended
projects without additional support staff in schools. Teach-
ers grappled with balancing the depth of knowledge required for
specific projects with the breadth of content mandated by the cur-
riculum. This often meant that students developed an in-depth un-
derstanding of their chosen project topic but lacked comprehensive
knowledge of other areas, impacting their performance on tradi-
tional assessments. Integrating technology also added complexity,
with students’ enthusiasm for new tools sometimes diverting fo-
cus from project goals. Additionally, the availability of resources
and the need to create or adapt materials presented ongoing strug-
gles. Teachers often felt constrained by their curriculum’s scope
and sequence, which limited their ability to fully embrace PBL’s
potential. Fair grading was particularly challenging due to the
subjective nature of projects and the need for continuous feedback.
P10 highlighted the workload involved:

"It’s a lot of work. I'm constantly grading. I don’t get
a break because it’s a continuous cycle of work. I give
iterative feedback throughout, and my turnaround is as
quick as possible, but it means grading all weekend." -
P10

Maintaining student engagement was another recurring chal-
lenge in PBL. P01 noted that some students (e.g. struggling readers)
found it hard to stay on task, requiring additional prompts and
support to remain focused. The transition from lecture-based
learning to PBL was difficult, with students initially resisting
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the shift from teacher-directed instruction. P05 recounted how
some students found projects daunting and needed the tasks bro-
ken into smaller, manageable steps. This step-by-step approach
helped students gradually build confidence and see their progress,
ultimately leading to successful project completion. Teachers also
stressed the importance of social-emotional development, noting
the pandemic’s negative impact on students’ ability to collaborate
and support each other. Flexibility and empathy were essential in
helping students manage PBL challenges, particularly when over-
whelmed or facing mental health issues. P09 observed that students
often struggled to apply memorized concepts to projects, requiring
a structured approach with front-loaded skills before diving into
projects. The hands-on nature of PBL demanded continuous sup-
port to bridge the gap between conceptual knowledge and practice.
P11 noted challenges with unequal team participation, affect-
ing grades and contributions. Ensuring fairness required careful
monitoring and regular teacher intervention.

These challenges in student engagement compounded in remote
settings, with many students preferring chat over cameras or mi-
crophones. P05 used breakout rooms for small group discussions
and maintained engagement through Zoom polls and exit tickets,
despite inconsistent Wi-Fi and varying school district permissions.
Logistical barriers, like inconsistent access to resources, fur-
ther complicated remote PBL.

4.2 Integrating Al in Project-Based Learning
(Category C themes)

Building on interviews, we present findings from the co-design
process, where teachers explored customizing LLM tools to meet
PBL’s specific demands (Category C). These help answer RO2.

4.2.1 Co-design Workshop 1: The first workshop aimed to
identify challenges teachers faced with implementing PBL and map
scenarios in which LLMs tools could help.

Brainstorming- Challenges, Current Strategies, and “Magic
wand” features: Across our three groups and rounds of brain-
storming, we saw similarities in the categories that emerged.

Participants discussed strategies for setting goals and track-
ing progress in PBL. One suggestion was a "dashboard to monitor
progress with a traffic light system (red, yellow, green)" (Group 1),
for visual tracking. Another idea involved using a checklist in the
form of a "bingo board for final projects" (Group 3). However, these
tools sometimes failed when items were checked off without actual
completion. Frequent check-ins and breaking projects into manage-
able tasks were also mentioned, though this process was noted to
be labor-intensive due to the need for continuous tracking, timely
feedback, and adjustments to lesson plans. Participants promoted
student autonomy by "maintaining momentum” (Group 3) during
classroom time, “keeping project ideas fresh” (Group 1), and organiz-
ing “fun, creative tasks within projects to reduce cognitive and social
discomfort” (Group 1). Allowing students to "pick goals with teacher
feedback" (Group 1), and “outline the top three criteria they wish to
be graded on” (Group 3) gave them more control over their learn-
ing. However, balancing this autonomy with meeting curriculum
standards remained a challenge.
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Participants emphasized the need for differentiation and per-
sonalization by "challenging all students where they are" (Group 1)
and providing "feedback targeted at their current level of maturity,
technical skill, and aspirations” (Group 1). There was a call for tools
that offer "additional resources tailored to students’ strengths and
weaknesses" (Group 3) and help navigating complex materials. En-
suring "equitable [opportunities] for students of diverse backgrounds
and learning levels." (Group 3), along with having alternate plans if
needed, was seen as crucial for student success.

Managing group dynamics was another area of focus within
the brainstorming boards, such as dealing with "students who give
minimal effort to the team" (Group 1) and "ensuring that everyone
in the group understands the tasks" (Group 2). "Assessing [group]
projects for the group as well as individuals" (Group 2) was noted as
a difficulty, highlighting the need for fair rubrics. Time manage-
ment also surfaced as a significant concern. While self-reflecting
on incremental progress was seen as valuable for students, it was
also time-consuming. Integrating technology required time to train
students, and providing meaningful feedback posed a challenge
when balancing thoroughness with efficiency.

Participants discussed various grading strategies and chal-
lenges, such as the use of external automated tools for scaffolded
templates like "Repl.it, Codecheck.it, CodingRooms, Google Colab
Notebooks" (Group 2), which were helpful but time-consuming to
set up. There was debate over balancing and "assessing [final] prod-
uct vs. [learning] process” (Group 2) within projects. Other concerns
included integrating standards-based grading into rubrics while
managing the pressure from parents to convert these into tradi-
tional letter grades for transcripts. Fairness in grading was also
highlighted, given the complexity of creating rubrics for different
project parts, student needs, and interdisciplinary topics. Some
educators suggested involving students in the evaluation process
through "self-grading along with teacher grading" (Group 3), which
promoted student self-awareness and provided deeper insights to
educators for personalized feedback.

Storyboarding Areas of Opportunity for GenAI Tools in PBL:.
Participants expanded on initial problem scoping by creating sto-
ryboards illustrating scenarios in which a hypothetical LLM tool
could help address challenges in their daily teaching practices. Our
analysis revealed three major areas of support: #1: curriculum and
lesson planning, #2: assessments and grading, and #3: managing
group dynamics and progress tracking.

[Support area #1]- Curriculum & Lesson Planning + [Sup-
port area #2]- Assessments & Grading: Our participants created
storyboards where teachers and students used the LLM system to
collaboratively brainstorm project ideas, generate lesson materials,
and customize these for diverse student needs. They also envisioned
the LLM aiding in creating assessments (rubrics), and automating
grading with teacher input. The themes from support areas #1 and
#2 frequently co-occurred in these scenarios. For example:

P11 highlighted the challenges of defining projects and designing
assessments in PBL, which can be time-consuming (upwards of 40
hours). They noted difficulty in finding comprehensive resources
online suited to various instructional needs. To address these is-
sues, P11 envisioned a LLM-powered chatbot that assists in project
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creation by generating tailored project plans based on class in-
formation and goals provided by the teacher (Figure 4). The tool
would offer suggestions for student tasks, sentence starters, and
help design rubrics and checklists, accommodating differenti-
ated instruction by considering students’ physical, academic, and
behavioral needs. Additionally, it could generate documents like
timelines, visual progress indicators, and follow-up exams. Other
teachers suggested integrating an open-source database with both
tested and untested unit plans for cross-referencing into this design.
This storyboard streamlines labor-intensive tasks in PBL, allowing
teachers to adapt projects instead of starting from scratch.

“For formative assessments, we need status checks to
ensure students are on track during a project. For ex-
ample, in a 3-day project, students might stay focused
because the deadline is near. But in a longer project, they
might get off track. The chatbot could provide feedback
on their progress, motivation, and any issues they’re
facing, helping them stay on course... For summative
assessments, I would want the chatbot to suggest feed-
back and explain its reasoning, allowing me to mod-
ify it as needed. Feedback should be age-appropriate
and level-appropriate. For instance, some students need
positive feedback, while others might be motivated by
challenges. The chatbot should offer tailored suggestions
and allow me to adjust them before finalizing.” — P11

P05’s storyboard (Figure 5) envisioned LLMs helping create al-
ternative or customized assessments to accommodate different
learning styles. They highlighted the challenge of creating varied
assessment formats, such as multiple versions of vocabulary tests,
to meet diverse needs and prevent sharing of test content between
different class periods. P05 suggested LLMs could quickly generate
similar essay prompts or multiple-choice questions, maintaining
fairness across classes and compiling these into a centralized ques-
tion bank. They also saw LLMs as a brainstorming partner for
generating activity ideas when time is limited, allowing teachers
to focus more on individualized instruction and feedback. However,
they noted concerns about accessibility, particularly in online set-
tings (pertinent to P05) , where account restrictions limit access
to GenAl tools like Google’s Gemini or Microsoft’s Copilot. Other
participants discussed the learning curve in using GenAl tools like
ChatGPT, noting the difficulty of recalling effective prompts and
the need for prompt-sharing among educators for P05’s tool.

[Support area #3]- Managing Group Dynamics and Progress
Tracking: We observed storyboards illustrating LLM systems to
monitor individual and group progress, streamline communication
with students and parents, document project artifacts, track indi-
vidual contributions within groups, ensure equitable participation,
and resolve group conflicts.

For example, P10 envisioned an LLM system to support teach-
ers monitoring at-risk students (Figure 6) by offering a compre-
hensive visual representation of a student’s academic performance,
highlighting key issues like missed assignments. The system would
generate detailed reports and automate communication with
colleagues, parents, and administrators. The LLM could also
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1. aproject title or learning goal
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students in a group
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«
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Chatbot has a discussion
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types of formative
feedback that might be
useful.

Figure 4: Storyboard (P11) mapping a step-by-step teacher-LLM interaction for project and assessment ideation

Sometimes we need an alternate lesson plan
for reaching the same goal. For instance, we
might need to evaluate a student's ability to
learn vocabulary, but maybe we need
different assessments for different classes.

One reason we need an additional lesson
plan is that students might have different
learning style needs.

We might also need different assessments for
those different learning styles. Or we might
need to make different assessments so that
students are not tempted to copy what others
have done in a different class period or
different semester.

One problem with creating alternate
assessments is making sure that they are fair
in that they are similar in difficulty level and
that they measure the same learning.

Generative Al can help easily with quickly
making multiple similar essay prompts or
multiple-choice questions for students.
Assessing difficulty level may be harder for
ChatGPT, but the teacher can figure that out
and save time.

Generative Al can also brainstorm lots of
activities for learning. A human can do that
with an experienced colleague, but not
everyone has the time for such a meeting.
Also, sometimes you need a new lesson plan
at 7:30 in the morning, not a convenient time
to ask a friend.

Being able to more quickly generate
alternate lesson plans or tests leaves the
teacher more time to work individually with
students or offer more comments and
suggestions

This work might help the teacher apply
Universal Design Principles that help
students learn and also comply with federal
and state regulations.

Figure 5: Storyboard (P05) showing an LLM tool for alternative assignments and lesson plans
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Figure 6: Storyboard (P10) depicting an LLM assistant to mon-
itor at-risk students

help schedule meetings by coordinating calendars and setting re-
minders for follow-ups to facilitate timely interventions. P10 em-
phasized the value of LLMs in maintaining continuity of support as
students progress through different grade levels, analyzing patterns
such as chronic lateness or incomplete projects to enable proac-
tive support. Other participants suggested that the tool could also
be adapted for student leaders to track team submissions and
manage project delays, to avoid adding to the teacher’s workload.

4.2.2 Co-design Workshop 2: In this workshop, participants
built a conceptual prototype based on storyboard ideas from Work-
shop 1. These prototypes aligned with the three support areas
from the storyboards above. We present the discussions on tool
stakeholders, LLM data sharing, classroom integration, and ethical
impacts below.

Tool Stakeholders: Participants identified key groups involved
in implementing LLM tools in PBL, outlining their values, poten-
tial benefits and harms: Classroom teachers, co-teachers, and
new/pre-service teachers could benefit from reduced adminis-
trative workload and support for lesson planning but would be
concerned about over-reliance on LLMs and loss of control. Spe-
cial education teachers emphasize meeting diverse student needs
and Individualized Education Program (IEP) goals, with worries
about data privacy and maintaining personal connections with stu-
dents. Participants also discussed involving IT teams, the Board
of Education, students, and parents as stakeholders, each valuing
student progress, data security, and educational equity, but wary of
privacy concerns, technological divides, and the potential impact
on teacher-student interactions.

Data sharing requirements of LLM prototypes: Participants
suggested that the LLM tool should access teacher-specific in-
formation, such as state/local standards, project goals, past as-
signments, rubrics, guiding questions, and preferred instructional
methods (e.g., Socratic seminars, Process Oriented Guided Inquiry
Learning (POGIL)). This data would help the LLM align its outputs

CHI ’25, April 26-May 01, 2025, Yokohama, Japan

with educational objectives and teaching styles. To personalize
content, educators also stipulated that the system have access
to comprehensive student profiles, including standardized test
scores, reading and math levels, and accommodations from IEPs.
This would enable the LLM to tailor materials to match students’
learning levels and accommodations, such as adjusted deadlines for
students who require extra time.

Participants also emphasized the importance of integrating the
LLM tool with existing Learning Management Systems (LMS)
to allow access to student demographic data, schedules, perfor-
mance records, and adaptation of outputs between teachers. This
would also facilitate communication with students and families re-
garding academic progress and interventions. They acknowledged
the need for data to enhance LLM functionality but raised con-
cerns about privacy, especially regarding sensitive data like student
learning needs or disabilities. Authorization and compliance with
data privacy laws (Ed Law 2d, COPPA, FERPA, HIPAA) was also
emphasized. They also discussed challenges in ensuring the LLM’s
ability to respect privacy during data access and teacher training
to use the tool ethically and responsibly.

Classroom Integration and Constraints. Teachers also ex-
plored the practical considerations for implementing their proto-
types in their specific school and classroom contexts. They empha-
sized needing reliable infrastructure, including strong internet
and compatible devices. High-quality PD and ongoing support
were deemed essential for ethical and practical tool use. A continu-
ous feedback mechanism for user experience and feature requests
was also highlighted, along with clear expectations and accountabil-
ity for its implementation, potentially overseen by tech committees
or school boards.

However, teachers anticipated several challenges accompanying
this integration, including obtaining approval and managing
costs, navigating budget constraints, and ensuring affordability
and accessibility. There were concerns about resistance to change
from educators accustomed to traditional teaching meth-
ods, especially if the tool changes established workflows. Time
constraints were also noted, as teachers already face significant
demands and may struggle to find time for training. Communi-
cating effectively with parents and addressing their concerns
about LLM tools was deemed crucial, with an emphasis on building
trust and educating them on benefits and potential harms.

Ethical Impact of GenAl Prototypes: Benefits and Harms.
Participants were enthusiastic about the tool’s potential to support
teachers by streamlining the creation of projects and rubrics based
on educational standards, goals, and differentiated practices,
thereby improving lesson planning flexibility and fostering equity in
the classroom. Additionally, the tool could enhance student learning
by making lessons more interactive, personalized, and connected
to real-world problems, potentially increasing motivation and
participation. Participants, however, expressed concerns about the
tool potentially reducing teacher and student autonomy through
over-reliance on LLM-generated recommendations, which could
undermine human judgment and diminish valuable teacher-student
interactions crucial for trust and understanding. They also worried
about the tool disrupting existing workflows during its initial
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Figure 7: PBL LLM tool supports for brainstorming project
ideas

integration and exacerbating digital inequalities due to varying
student access to reliable internet.

Participants saw the tool as a way to make PBL more approach-
able for teachers, encouraging continued use and innovation by
simplifying the process. They also noted its potential to maintain
consistency across classes and align educational materials with
state standards, potentially enhancing outcomes. On the other
hand, they were concerned that over-reliance on LLMs could stifle
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creativity, resulting in generic responses and reducing original-
ity in classroom activities. They also raised issues about potential
copyright violations, loss of creative ownership in education, and
the invasiveness of the technology, especially in material sourcing.
Participants emphasized the need for transparency in LLM tool use,
including clear communication with parents, administrators, and
other stakeholders. They stressed understanding the LLM’s data
sources and algorithms to avoid issues surrounding its "black box"
nature and suggested incorporating warnings into interfaces to
verify LLM-generated content before usage.

4.3 PBL GenAl Tool Wireframe Prototypes and
Testing (all Category themes)

From these discussions, we created wireframes for a teacher dash-
board spanning the three categories of support (curriculum, as-
sessments, and progress tracking). These wireframes explictly link
their features to the core PBL challenges identified (from category
B themes), and translate the identified needs (from category A
themes) into actionable LLM-PBL solutions (in category C themes).
Below, we present these wireframes and the combined feed-
back received from teachers in both Study 1 (section 3.1.1)
and Study 2 (section 3.2.1). By gathering perspectives from
teachers with varying levels of PBL expertise, we wanted to
ensure adaptability of LLM tool wireframes across diverse
teaching methods and environments (addressing RO2). For
brevity, we use the term CAIL (Collaborative Al for Learning) for
the system and will refer to it as such throughout this section.

4.3.1 Curriculum Supports. We focused on two key needs: brain-
storming new project ideas with CAIL and co-implementing weekly
or unit lesson plans based on these finalized ideas.

The project brainstorming wireframes (Figure 7) allow educators
to expand on initial ideas gathered from classroom experiences,
augmenting teacher creativity from the outset. Teachers input their
learning goals and standards, ensuring alignment with curricular
objectives. The tool integrates a curated list of U.S. national and
state standards and allows teachers to define expected project
outputs (e.g., slide decks, podcasts, portfolios), group size, project
duration, and upload preferred lesson planning templates. CAIL
offers multiple LLM-generated ideas, enabling teachers to refine
and expand on them and provide students with varied project
options.

Our participants suggested adding adjustable project durations,
with the ability to accommodate different class schedules. Live
collaboration features were also requested, enabling interdisci-
plinary teamwork among educators for formulating ideas. Teachers
expressed interest in uploading custom standards and explored the
idea of the LLM crosswalking standards to identify and address gaps.
Combining multiple LLM-generated project ideas into a choice
board for students was highlighted as a potential feature that could
enhance differentiation.

Teachers can then use CAIL for lesson planning (Figure 8) to
implement selected project ideas. This includes creating forma-
tive assessments ("knowledge checks"), exit tickets, hooks, and
scaffolded activities like games, discussions, peer learning, and
problem-solving tasks. CAIL offers teachers a structured lesson
planning template aligned with the standards they selected for
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Figure 8: PBL LLM tool supports for lesson planning

their project ideas. For this wireframe, we picked an NGSS (Next
Generation Science Standards) example template that guides teach-
ers through performance expectations, learning outcomes, and
reflection elements. It provides targeted lesson plan suggestions,
reducing planning time and offering guidance for both new and
experienced PBL teachers. It maintains institutional memory
by gathering data to inform future practices. Additionally, CAIL

assists teachers in creating milestone documents and tailoring
resources, such as checklists and schedules, to guide student groups
through project phases. Participants recognized the tool’s long-term
time-saving potential:


https://www.nextgenscience.org/
https://www.nextgenscience.org/
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Figure 9: PBL LLM tool supports for rubric creation and differentiation

“These are the 'money’ tools for me. These buttons that
help with generating these smaller activities that sup-
port the bigger project would be a huge time and brain
saver.” —P01

However, they stressed the need for thorough PD and mi-
crolearning modules during rollout to help educators fully un-
derstand the tool’s benefits, suggesting tutorials no longer than

20 minutes to avoid overwhelming them. Participants highlighted
the importance of clear learning outcomes for each activity, align-
ing with competency-based teaching, and appreciated the iterative
refinement of lesson plans. They also suggested that LLMs esti-
mate activity time requirements while acknowledging their current
limitations in precise time predictions.
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4.3.2 Assessment Supports. The assessment support section of
the wireframes received mixed reactions from teachers, as discussed
below:.

Teachers can use CAIL to develop rubrics (Figure 9) for for-
mative assignments and project milestones. They can input spe-
cific student artifacts for assessment and automatically populate
rubric rows with competencies from the selected curriculum stan-
dards. Educators can further refine the criteria by editing acceptable
standards for each rubric item, and selecting a rubric type (e.g.,
1-point, 3-point, 4-point, or 5-point) to suit their classroom. The
tool also supports differentiation by generating multiple rubric
versions tailored to individual student needs. Teachers can input
IEP/504 requirements and pick competencies for specific students
and groups, ensuring fair assessment by maintaining consistent
standards while accommodating individual learning trajectories.

Participants suggested including examples to explain the differ-
ent rubric types to help new teachers, student work samples to
set expectations, and using visual highlights on rubrics to make
feedback more accessible, noting that students often overlooked
detailed feedback. Participants raised privacy concerns about us-
ing sensitive student IEP data, suggesting anonymized profiles and
LMS integration for secure access. Participants emphasized the
need for both teacher- and student-facing rubrics, with LLM as-
sistance in simplifying language for students and using "I can" (e.g.,
"I can analyze data from a chart to make informed conclusions.")
statements, to make these more empowering.

Figure 10 shows the CAIL grading page, which simplifies evalu-
ating formative assessments and project milestones by tracking sub-
missions, generating response summaries, and sending reminders
for pending work. It allows teachers to upload scored examples as
benchmarks, helping LLMs contextualize assessments. CAIL maps
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rubrics to relevant tasks, with LLM-generated scores complemented
by required teacher feedback. An optional “live scoring” feature
provides instant feedback to students if enabled by teachers.

Teachers were cautious about relying solely on LLMs for grading,
particularly for subjective or creative work, emphasizing the need
for human oversight to ensure feedback is personalized. Con-
cerns were raised about biases in LLM grading, as well as its ability
to handle atypical responses and physical artifacts that require nu-
anced understanding. Some participants like P05 (who taught PBL
in online settings) did not want grading to be handled by the LLM
at all:

“Tunderstand why people want auto grading...but I think
you learn so much about the individual students by
interacting with their work. How else are you interacting
with them? By seeing what they did and reading it. I
wouldn’t feel good about having Al grade it.” — P05

Some teachers suggested using live scoring features to boost en-
gagement and prompt revisions, minimizing grading iterations.
However, others preferred the option to review and adjust LLM-
generated comments before students received them and supported
integrating custom feedback based on classroom observations
to complement LLM scores.

4.3.3 Progress Tracking Supports. The progress tracking sec-
tion of the wireframes (Figure 11) provides educators with an
overview of student performance across individual, group, and
classroom levels. The Exit Tickets Summary highlights topics
students enjoy, areas needing help, and interests for future ex-
ploration, enabling targeted interventions; the Knowledge Check
Performance Summary displays class strengths and areas of con-
cern on competencies, allowing follow-up with struggling students;
and the Groups Project and Contributions Tracking monitors
group members’ progress and individual contributions for effective
interventions.

Participants recommended making progress data accessible to
students individually and anonymously at the class level to en-
hance motivation and self-awareness. They emphasized cross-
disciplinary tracking for a holistic view of performance and
coordinated support across subjects. Although teachers found the
progress data valuable for differentiation and scaffolding, they were
concerned about administrators using the data to evaluate
their own performance. They suggested creating an opt-in data-
base to share projects and best practices, searchable using LLMs,
based on student progress.

5 DISCUSSION

5.1 Tensions in Designing PBL LLM Tools

Our findings suggest that LLMs hold significant potential to en-
hance PBL practices by alleviating several teacher concerns. How-
ever, their use involves trade-offs that must be carefully managed
for long-term effectiveness and sustainable use in the classroom.
We present three tensions critical for the success of PBL-LLM tools:
(1) technology choice and feasibility, (2) teacher agency, creativity,
PD, and learning, and (3) balancing educational depth with reducing
administrative workload.
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Figure 11: PBL LLM tool supports for progress tracking

5.1.1 Technology Choice and Feasibility: The selective use
of LLMs is crucial to their effectiveness and sustainability in PBL.
While LLMs can offer powerful capabilities in generating educa-
tional content and personalized learning materials [74, 93, 141, 147],
teachers in our co-design workshops raised issues related to the ac-
curacy and bias inherent in LLM-generated content, as seen in prior
work [93, 114, 144]. LLMs could also undermine the fairness and
inclusivity of educational practices due to this bias [43, 109, 114].
Our teachers expressed doubts about the reliability of LLMs in
handling tasks that require a deep understanding of context or
the subtle nuances involved in student expressions and creative
multimodal artifacts [109, 114]. This skepticism reflects broader
concerns about the limits of GenAT’s interpretive abilities and risks
associated with delegating too much of the evaluative process to
technology [109, 147].

The feasibility of implementing LLMs in diverse educational set-
tings was another significant issue. Our study highlighted concerns
around logistical constraints, such as limited access to high-speed in-
ternet, adequate digital infrastructure, and computational resources,
which can vary greatly across schools and districts [144]. These
disparities raise concerns about digital equity, as schools with fewer
resources may find themselves unable to leverage advanced LLM
tools, potentially widening the gap in educational opportunities
[74, 93]. Despite these challenges, teachers in our study were open
to strategic and scoped integration of PBL-LLM tools by focusing
on PBL-specific tasks best suited for LLM optimization to ensure
their effectiveness in diverse contexts.

5.1.2 Teacher Agency, Creativity, Professional Development,
and Learning: Maintaining teacher agency and fostering creativ-
ity when integrating LLM tools were recurring areas of discussion
in our work. Teachers expressed a strong preference for tools that
align with their pedagogical goals, support creativity, and promote
critical thinking among students [74]. However, they also voiced
concerns that excessive automation could diminish their role [33],
particularly for novice PBL educators still learning the nuances of
implementing high-quality PBL pedagogy.

To address these concerns, our findings presented opportunities
for LLM tools to offer teachers real-time guidance during resource

creation while allowing for their active input. Rather than replacing
teachers, the LLM could act as a co-educator and brainstorming
partner, supporting their ability to design and implement activities
[87]. Our wireframes suggest opportunities for integrating LLM-
driven PD modules into PBL tools, helping teachers build new
skills and strategies. Drawing on perspectives of teachers in our
study, this training could also focus on helping PBL educators
understand the tool’s long-term benefits and customization options,
ensuring it integrates smoothly into existing workflows. The in-
tool LLM support could serve as an additional learning resource
for novice PBL teachers by providing scaffolded guidance during
lesson planning, aiding them in developing the skills needed to
design and implement effective PBL lessons. Teachers in our study
were particularly enthusiastic about the prospect of learning prompt
engineering and other LLM-specific skills, seeing these as new ways
to enhance their creativity and adapt technology to their classroom
needs [120]. To realize these benefits, the design of LLM tools must
involve ongoing collaboration among developers, teachers, and PD
designers.

5.1.3 Balancing Educational Depth with Reducing Adminis-
trative Workload: LLM tools have the potential to significantly
reduce administrative burdens in PBL settings, such as managing
group projects, tracking student progress, and providing individ-
ualized feedback [25] that can free up teachers to focus on more
meaningful instructional activities [111]. However, our results cau-
tion against allowing efficiency gains to oversimplify the complex
aspects of PBL, such as developing students’ interpersonal skills,
cultivating creativity, and supporting critical thinking—areas that
require nuanced, human-centered guidance [74]. Similar to previ-
ous work, our teachers also feared that excessive automation could
diminish opportunities for spontaneous, in-the-moment learning
experiences and the development of soft skills that are crucial for
student growth [28, 59]. There is thus a pressing need to identify
which administrative tasks can be effectively automated without
compromising the integrity of the learning experience.
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5.2 LLM Design Recommendations for
Project-Based Learning

Keeping the above tensions in mind, we present design recom-
mendations for educational technology designers and educators
when integrating LLMs into PBL (addressing RO3). We draw on
the “Gold Standard PBL: Project Based Teaching Practices”
framework from the Buck Institute for Education that guides
teachers in implementing high-quality PBL [96]. We briefly describe
the framework’s seven PBL teaching practices (Figure 12) and un-
pack potential ways LLM systems can mitigate implementation
barriers. We focus on recommendations that alleviate teach-
ers’ administrative workload in implementing high-quality
PBL, allowing them to dedicate more time to the creative
and fulfilling aspects of teaching. We advocate for these discus-
sions to actively include new teachers, curriculum coaches, school
boards, admins, information technology (IT) and special education
committees — stakeholders our teachers emphasized as vital but
often underrepresented in education tool design [100]. We struc-
ture the two sub-sections below by mapping a combination of these
practices to the wireframe supports we developed and the design
recommendations they informed.
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5.2.1 Recommendations for Project Ideation, Curriculum
Planning, and Management. -

Gold Standard PBL Teaching Practice #1: Design and Plan:
“Teachers create or adapt a project for their context and students, and
plan its implementation from launch to culmination while allowing
for some degree of student voice and choice.”

Gold Standard PBL Teaching Practice #2: Align to Standards:
“Teachers use standards to plan the project and make sure it addresses
key knowledge and understanding from subject areas to be included.”

Gold Standard PBL Teaching Practice #3: Manage Activities:
“Teachers work with students to organize tasks and schedules, set
checkpoints and deadlines, find and use resources, create products and
make them public.”

Gold Standard PBL Teaching Practice #4: Scaffold Student
Learning: “Teachers employ a variety of lessons, tools, and instruc-
tional strategies to support all students in reaching project goals.”

Based on the feedback we received on project ideation and cur-
riculum planning supports, we outline the following design consid-
erations for Practices 1, 2, 3, and 4:

Recommendation 1: Augment Teacher Creativity with
LLM Tools

Design LLM tools to augment and elevate teacher creativity by
empowering educators to lead the project brainstorming process from
the outset while leveraging LLMs to support mundane, peripheral
tasks. Build on established pedagogical practices of PBL educators,
reducing the need for creating resources from scratch.

Our results showed evidence of PBL teachers grappling with
balancing the depth of knowledge required for specific projects
with the breadth of content mandated by the curriculum. Teachers
also raised concerns about the excessive contextual information
required by current LLM systems and their ability to effectively
prompt the LLM for specific tasks. A proposed solution is structured
input: teachers specify contextual details such as specific learning
goals, standards, desired final project artifacts, and duration of im-
plementation, and LLM tools generate ideas aligned with curricular
objectives and tailored to classroom needs. This structured input ap-
proach not only supports experienced educators but also provides
novice PBL teachers with foundational knowledge for constructing
high-quality PBL units.

Recommendation 2: Provide Teacher-Directed Scaffolding
with Flexibility

Design LLM tools for PBL that intentionally prioritize and mandate
core teacher inputs, while offering optional customization features.

This recommendation is rooted in two ideas from our research:
(1) the need to promote high-quality pedagogy by ensuring that key
LLM functionalities are integrated into teaching practices, while
also providing flexibility for educators to choose supplementary
features that support their unique classroom needs, (2) ensuring the
LLM system has sufficient contextual information from the required
inputs to generate high-quality resources. For example, requiring
teachers to input or select educational standards for their project
ideas should be mandatory, ensuring alignment with curriculum
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requirements and learning outcomes [71]. In contrast, optional
features can accommodate varying school contexts, as our results
showed that teachers sometimes chose not to use extended features
depending on their specific needs.

Recommendation 3: Ensure Flexibility in Scheduling for
Diverse Classroom Needs

Design LLM tools to accommodate specific temporal structures of
diverse educational environments.

This includes accounting for various class schedules, including
block scheduling (a method of dividing time into distinct blocks
and assigning each block to a specific task or activity) [27, 112].
Since methods for chunking projects varied vastly across teachers
of different grade levels and disciplines in our workshops’ data [66],
features to parameterize project duration based on hours, days, or
weeks are necessary to provide the flexibility teachers require when
brainstorming ideas for projects.

Recommendation 4: Promote Differentiation with LLM-
Generated Project Ideas

Design LLM tools to generate multiple project ideas that teachers
can combine into choice boards, thereby enhancing differentiation
and student agency.

Implementing choice boards with multiple project options was
a common practice among our teachers (Figure 13), but proved
challenging due to time constraints and difficulties with inventing
novel, creative ideas each time. To address this, the tool should allow
for continuous modification and regeneration of LLM-generated
content, enabling teachers to refine and align projects with their
educational goals and classroom needs.

Recommendation 5: Streamline Lesson Planning with LLM-
powered Standards Templates

Embed LLM supports within existing lesson planning templates
from common educational standards to streamline the process of
generating engaging instructional content.

This can reduce the time and cognitive load for teachers when
aligning PBL activities with academic standards. Consistent with
other scholars, our research revealed that teachers often strug-
gled with the complexity of designing knowledge-check activities,
driving questions, and other project components while ensuring
alignment with standards [41, 112]. The LLM system could provide
immediate, context-sensitive suggestions and resources, tailored
to specific lesson goals and standards, allowing teachers to focus
on customizing their lesson plans rather than building them from
scratch. This feature is especially beneficial for less experienced
teachers, easing their adoption of PBL principles, while also provid-
ing experienced educators with tools to document and share their
expertise.

5.2.2 Recommendations for Progress Tracking and Assess-
ments. -

Gold Standard PBL Teaching Practice #5: Build the Culture:
“Teachers explicitly and implicitly promote student independence and
growth, open-ended inquiry, team spirit, and attention to quality.”
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Gold Standard PBL Teaching Practice #6: Assess Student
Learning: “Teachers use formative and summative assessments of
knowledge, understanding, and success skills, and include self and
peer assessment of team and individual work.”

Gold Standard PBL Teaching Practice #7: Engage and Coach:
“Teachers engage students in their learning and work alongside them
to identify when they need skill-building, redirection, encouragement,
and celebration.”

Based on the feedback we received for our assessments and progress
tracking supports, we outline the following design considerations
for Practices 5, 6, and 7:

Recommendation 6: Develop Equitable and Actionable
Rubrics

Incorporate a default rubric format within the LLM tool that pro-
motes fair and equitable grading practices, aligning with high-quality
PBL pedagogy.

Our research data revealed the importance of having educators
collaborate with LLMs to set actionable and easily understandable
expectations within rubrics that meet required competencies. The
LLM tool should also facilitate the creation of two separate rubric
sets: one for teachers and administrators, focusing on competencies
from established standards, and another for students, emphasizing
clear, actionable expectations tied to project outputs.

¢ Recommendation 6.1: Implement single-point rubrics
as the default rubric type within LLM tools for PBL.
Single-point rubrics use a single column for feedback instead
of multiple performance levels. Research shows that such
rubrics are quicker and easier for teachers to create since they
don’t need to anticipate all possible ways students might “fail
expectations” [48]. For students, these rubrics are simpler
to understand, focusing on clear target expectations. They
also promote higher-quality feedback, as teachers highlight
specific strengths and areas for improvement, fostering a
growth mindset and iterative learning.

¢ Recommendation 6.2: Augment rubric items with de-
tailed teacher feedback. Rubric items must be augmented
with detailed feedback from teachers. Designers of the LLM
tools should explore the possibility of providing a starting
point for feedback from student submissions, allowing teach-
ers to elaborate and personalize their notes [51, 125].

¢ Recommendation 6.3: Integrate LLM-assisted positive
feedback to complement constructive criticism along-
side rubrics. Our teachers mentioned struggling to provide
granular positive feedback due to time constraints. Praise
and celebration, bolstered by relevant specifics, can instill
student confidence and promote balanced assessments.

Recommendation 7: Ensure Privacy in LLM-Driven Differ-
entiation

Ensure that data processing and LLM interactions for differentiat-
ing student resources occur locally on the teacher’s device or within a
secure school network.

Teachers in our study expressed significant concerns about pri-
vacy when using LLMs to differentiate rubrics for students with
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ANCIENT CIVILIZATIONS
PROJECT MENU

Choose one of the projects from the table below to inform readers about the legacy of your ancient civilization
(Mesopotamia, Ancient Egypt, or the Israelite Kingdoms). Be sure to refer to the rubric as you plan your project.

Podcast
Write and record a podcast about
your civilization. You will need to
include all of the topics outlined on
your rubric.

Book Creator Green Screen
Use Book Creator to create a book for | Write a script for a news broadcast to
younger students highlighting the be recorded in front of a green

features of your civilization. screen. Choose related images to
oowowes)

enhance your script.
Google Drawings
Informational Poster
Create a poster with all the necessary
information to showcase your
civilization.

Front Page of a Newspaper
A variety of tools can be used to create the front page of a newspaper from
ancient times. You will be able to address all of the required areas using
headlines, articles, and advertisements related to your civilization.

COLONIAL ADVERTISEMENT
PROJECT MENU

Choose one of the projects from the table below to inform future settlers about your colony. Be sure to refer to
the rubric as you plan your project.

Green Screen
Write a script for a news

Book Creator Google Drawings Podcast
Use Book Creator to create | |nformational Poster | Write and record a podcast

abookforyounger | Create a poster with all the | 2bout your colony. You will | broadcast to be recorded in
students highlighting the | necessary informationto | need toinclude all of the front of a green screen.
features of your colony. showcase your colony. topics outlined onyour | Choose related images to
rubric. enhance your script.
Play Journal Entries Interview Front Page of a

Interview one of the
notable people from your
colony. Your interview will
be written and recorded.

Travel back in time and take
on the role of an original
colonial settler. Write a
series of journal entries to
introduce future settlers to
your colony. A variety of
tools can be used for this
including, Book Creator,
Google Slides or Doc, and
more!

Love to write? This is the
one for you! Write an
original play using the

information youve learned
about your colony. You will
have the opportunity to

share your play through a

live or recorded
performance.

Newspaper
Avariety of tools can be
used to create the front

page of a newspaper from
colonial times. You will be
able to address all of the
required areas using
headlines, articles, and
advertisements related to
your colony.
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Reading Response Choice Board

Learning Objective

v

Create a Vocaroo with your book
recommendation. Include at
least 3 reasons why you do or do
not recommend the book using
evidence from the text.

Post the link here:

Create a Powtoon retelling the
story from another character’s

point of view.

Tutorial

Post the link here:

Timeline
N

Create a timeline of at least 6
major events from your story
using Google Drawings

Post the link here:

Read 4
§nﬁ\ulo\{rlte

Use Read and Write for Google
Extension to highlight 3

Start Here

o Read the book in your Storia
account.

e Complete 3 more activities.
(Fill in with green paint)

 Turn in your work to Google
Classroom when finished.

or ing words.
Use the extension to create a
vocabulary Google Doc and
write each word in a new
sentence.

Post the link here:

<Y
/\

Create a 2 minute Book Trailer
to get other students interested
in your book using iMovie.
Upload video into your Google
Drive.

Post the link here:

Create a Google Form with 3
important questions you
wonder about from the story.
Your classmates will respond
later.

—

Complete a Google Sheet listing
the main character’s internal
and external character traits.
Provide 2 pieces of evidence for
each trait.

Create a Google Slideshow with
4 connections from the story.
Text-Text

Text-Self

Text-Movie

Text-World

Post the link here:

Post the link here:

Post the link here:

Created by @joliboucher www.flippedtechcoaching.com

Figure 13: Examples of choice boards used by our teachers to promote student agency

IEPs, particularly regarding the sharing of sensitive student infor-
mation. To address these concerns, LLM tools should either operate
locally or be integrated securely within existing Learning Manage-
ment Systems (LMS) as an app or extension [140, 144]. This ap-
proach ensures alignment with privacy regulations such as COPPA
(Children’s Online Privacy Protection Rule). Pseudonyms can also
automatically replace identifying student information before being
used for differentiation.

Recommendation 8: Integrate Project Management Scaf-
folds and Supports

e Recommendation 8.1: PBL LLM tools should include
student-facing project management features that com-
plement teacher supports. Teachers in our study found
balancing open-ended problem-solving with personalized
guidance challenging, especially in managing group projects.
The LLM can serve as a brainstorming partner and offer scaf-
folding to guide students, providing support when teachers
are unavailable [26, 64, 65, 65, 118, 126]. LLM conversational
agents could potentially capture key discussion points and
synthesize them for review, acting as self-check tools to en-
sure groups complete daily tasks and take appropriate next
steps [22, 74, 127]. Additionally, these agents can analyze

and monitor participation frequency, and assess the qual-
ity of contributions to ensure equitable participation within
groups [92, 117, 126].

e Recommendation 8.2: Design LLM tools that assist
teachers in providing personalized feedback during
active class time. By alerting teachers to groups needing
immediate attention and tracking group progress, LLMs can
help prioritize the teacher’s time and provide notes for asyn-
chronous feedback [38, 63]. This support allows teachers
to efficiently manage multiple groups without overwhelm-
ing their workload, ensuring that all student groups receive
necessary guidance.

¢ Recommendation 8.3: Implement robust LLM-powered
portfolio supports that enable students to submit evi-
dence of their processes and reflections, documenting
their learning journey from ideation to project comple-
tion. Prior research has underscored the importance of pro-
cesses (how students did things throughout the project, from
ideation to prototyping, for example, including challenges
faced and what they did about them), and reflection (growth
or trajectory over time) [44]. Our teachers used Padlets for
students to submit their daily work (e.g., snapshots, videos,
responses) and as a reflective tool for exit tickets (Figure 14).
LLMs can support the creation of individual portfolios to
showcase personal skills and group portfolios to document
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Mrs. Tucceri + 70 « 2d

March 2024 Grade 4 Choiceboard

Write your first name, and onesjhing you learned, created, made today in the makerspace. Feel free to add a picture. Pictures should focus on projects rather than people. @

this block is actualy insanly hard
but not imposibel

I had a lot of fun playing with
dash! Iso played
too, and dash ran over her laptop.

Ravi, et al.

It might fall if i bild it higher so i
am taking the pic now

Video + 00:07

Mansion
- ESEEE—— T W

Figure 14: Examples of Padlets used by our teachers to document student progress and self-reflections

project development [76]. Additionally, LLMs should incor-
porate self and peer reflection activities, as well as conflict
resolution tools, drawn from toolkits like “Beyond Rubrics”,
to ensure meaningful, ongoing assessment [66, 107]. By em-
bedding these elements into portfolios, LLM can facilitate
both formative and summative assessments, offering a com-
prehensive view of student learning.

¢ Recommendation 8.4: Design LLM tools to support
rather than replace teacher involvement in the grad-
ing process by organizing and presenting data that
tracks student progress. Our study revealed that teachers
highly value their agency in the grading process as it enables
them to deeply understand student thinking, provide per-
sonalized feedback, and make informed decisions. Teachers
also expressed concerns about the quality of LLM-generated
feedback and the subjectivity involved in grading PBL stu-
dent multimodal artifacts. By organizing data on milestones,
monitoring group performance, and curating exit ticket re-
sponses, LLM tools can alleviate administrative burdens and
provide a structured starting point for teachers. This ensures
that teachers remain at the center of the grading process,
using LLMs as a means to enhance their ability to deliver
nuanced and targeted feedback, ultimately leading to more
effective and personalized student assessments.

6 LIMITATIONS AND FUTURE WORK

Our study has limitations that suggest avenues for future research.
First, our focus on PBL in the context of the United States limits
the generalizability of the findings; future research should explore
the applicability of LLM-driven PBL tools in culturally diverse
educational settings globally. We also acknowledge the small sample
size and absence of collected racial demographics information as
limitations for generalizability. Additionally, our study involved

a self-selected group of teachers who were likely more interested
in GenAlI and PBL, potentially biasing the findings toward a more
positive outlook. Future work could include longer-term studies
that investigate how such tools might engage teachers who are more
resistant to PBL or GenAl integration. The wireframes developed in
this study are only a starting point; building and testing a working
product through iterative design cycles is crucial to evaluate the
feasibility of GenAl for the proposed features. Future research
should focus on co-designing student-facing supports that align
with teacher tools, fostering an integrated flow of information and
feedback to create a balanced ecosystem within the LLM-driven
PBL experience.
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