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Abstract

In this paper, we present bcode, a lightweight, browser-based col-
laborative code editor designed to support small-group learning in
both in-person and virtual CS1 courses. Whereas most collaborative
IDEs in the literature are built for enterprise contexts, bcode draws
on research in collaborative and peer-based learning. The platform
facilitates real-time, multi-user editing by providing instructors
“rooms” in which "groups" of students coauthor code, allowing
structured collaboration. The contents of each group are visible to
the instructors at all times, enabling live oversight and just-in-time
teaching. The platform can also provide LLM-generated hints to
help students get unstuck. bcode’s design centers on accessibility
for students and instructors: only a short alphanumeric code is
required to join a room, and the platform runs Python, C++, and
graphics code entirely within the browser using WebAssembly,
eliminating the cost of server infrastructure.

We deployed bcode in two large-scale educational contexts: an
in-person CS1/CS2 teaching assistant program at our R1 institution
and two global offerings of a CS1 MOOC whose combined enroll-
ment exceeded 30,000. Instructors voluntarily adopted the tool, and
we observed high engagement across both deployments, with a
regression analysis suggesting bcode correlates with increased stu-
dent participation at a marginal significance. Our evidence also
suggests that the flexibility of the room and group system made
beode adaptable to a range of teaching formats, including in-person
and remote. We discuss design lessons from observed usage pat-
terns and outline future directions, including additional features
supporting collaborative pedagogy and follow-up studies to assess
causal impacts on participation.

CCS Concepts

+ Social and professional topics — CS1; » Software and its engi-
neering — Pair programming; Integrated and visual development
environments; » Applied computing — Computer-managed in-
struction.
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1 Introduction

Collaborative learning is a tried-and-true teaching strategy [6, 32,
37]. For CS1 courses in particular, notorious for their high attrition
rates, small-group programming can improve outcomes from final
exam scores [28] to retention, graduation rates, and diversity [16].
Small-group programming can also take a think-pair-share form as
a tool for active learning, which can increase observed engagement
in lecture [29]. Despite these benefits, instructors may not employ
this strategy because of the increased time commitment. Some
report spending up to 4x longer preparing for small-group activities
compared to traditional lectures [6].

1.1 Main Contributions

This paper introduces bcode, a realtime, in-browser collaborative
coding IDE for students to write, run, and learn to code together.
beode, accessible at 106a.vercel.app, is both an IDE for students
and a platform for instructors. Instructors organize their students
into small groups that collaborate to solve a shared coding problem
in realtime. Designed for beginners in a CS1 course, it pairs an
unobtrusive and simple user interface with a language-agnostic
mechanism for running code locally within the browser. In this
paper, we’ll present

(1) bcode’s novel group-and-room system, which enables small-
group collaboration while giving instructors the ability to
oversee all code being authored at a glance

(2) Alow-cost, language-agnostic mechanism for local code exe-
cution powered by WebAssembly/web workers that supports
interpreting Python code, compiling and running C++, and
displaying animated graphics

(3) The results of instructors using our tool across multiple in-
person and remote deployments of a CS1 course with an
enrollment exceeding 30,000 with significant engagement
demonstrated in both contexts.

1.2 Related Work

A collaborative IDE that assists instructors in implementing small-
group pedagogy must allow concurrent code editing by any number
of students in a group, enable oversight of each group, and be
flexible enough to handle a wide variety of pedagogical approaches.
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Figure 1: A screenshot of bcode. Left, the teacher view, where instructors observe all rooms at a glance. Right, the student view

where peers author code within a small group.

Most collaborative editors are not education-specific. Collabora-
tive editors have been in development for the last decade and a
half, though most have focused on the enterprise use case. Colla-
bode [14], a seminal early collaborative Java IDE was developed
as a tool for "expert users" and focused on minimizing disruptions
from errors caused by other editors. Similar tools of the era also
aimed to enable collaboration within the common tools of pro-
fessional SWEs by supporting Java UI frameworks (CoRED [20])
or building Eclipse extensions (ATCoPE [12], CoEclipse [11]). CP-
ROOF allows teams of professionals using different Java IDEs to
collaborate using a shared underlying layer behind the IDE-specific
extension [21]. More modern tools like JetBrains Code with Me [18],
VSCode LiveShare [34], and Repl.it [27] still target a general soft-
ware engineering use case, but offer additional language support
and advanced features like co-debugging, shared terminals, and
an in-browser experience. Since these are the dominant collabora-
tive editing tools, many instructors end up adapting them for their
needs, despite the lack of pedagogically-grounded features (such as
instructor oversight of multiple groups, a simple UI, starter code,
or support for their course’s libraries) [36].

Many education-focused collaborative IDEs disallow concurrent
editing or prescribe specific group sizes and roles. CodeWave, an
early pioneer, included several education-focused features such as
messaging, feedback annotation, and code replay, but was meant
for larger-scale projects and implemented a restrictive locking sys-
tem that prevented two students from editing the same line at the
same time [33]. Similarly, COLLECE [4] manages collaboration
through requesting and granting access to specific actions, limiting
its usability. PBPCLG assigns students writer, reader, commentator,
and supervisor roles with only one writer and supervisor possible
at a time [7]. IDEOL designates compiling, running, and debug-
ging as exclusive operations, limiting opportunities for collabora-
tion [25, 31]. A recent tool, PearProgram [3], is designed specifically
for distributed pair programming, only supporting groups of two

with explicit pilot and co-pilot roles where only the pilot can edit.
CodePilot [35] extends the same goal to the end-to-end software
life cycle with additional features like issue tracking and GitHub
synchronization. While students in pairs were allowed to access fea-
tures freely, leading to self-organized collaboration styles like tradi-
tional pair programming, developer/tester, and developer/assistant,
the platform was still limited to only two students at a time. Ad-
ditionally, only CodeWave offers the instructor live monitoring of
student code.

Pedagogically-rooted collaborative IDEs make tradeoffs between
feature set and lightweight setup. Several of the early collaborative
IDEs required a downloadable desktop tool [11, 12, 21, 33], making
the experience more cumbersome for students, particularly in CS1
where an IDE can be daunting [19]. While modern pedagogical tools
offer a browser-based experience, many come with very limited lan-
guage functionality (only HTML/CSS/JS [35], only Python [3]). [35]
and [13] offer graphics capabilities, but only through JS. Each of the
tools that offer a browser-based experience execute code through
an external server, leading to higher costs and barriers to scale.
While small demos and very limited tools to execute Python [17]
and C++ code [9] have appeared in the literature, none support
collaborative editing and execution.

2 Introducing bcode

In this section, we will discuss the pedagogical origins of bcode, its
intended use by students and teachers during instruction, and a
few of its important features.

2.1 Contextualizing small-group learning

beode was originally designed to be used by the in-person teaching
assistants (TAs) in the undergraduate CS1/CS2 classes at our institu-
tion. In these courses, students attend weekly, hour-long discussion
sections with 6-10 of their peers led by an undergraduate TA to
review the material presented that week during lectures. A typical
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Figure 2: A screenshot of bcode showing a student interacting
with the Karel CS1 library. Code is run locally on a separate
browser thread and independently from other students in
the room.

weekly section involves a TA (1) introducing a problem to their
students, (2) building verbal consensus on a solution via discussion
and pseudocode and (3) implementing that solution in code. bcode
aims to build on this successful [1, 32, 37] idea by inserting itself
into (3). Rather than have students write code individually on their
devices or collectively as a class, instructors using bcode divide their
students into small groups of 2-3 that each independently work to
solve the problem at hand.

Small-group instruction of this form offers a number of benefits.
For one, students feel more comfortable raising questions, concerns
and ambiguities to their peer group than they might among the
larger section, reducing the friction to inquiry. Secondly, it fosters
a shared responsibility among the group. They mutually depend
on one another to make progress, and are less likely to opt out
or turn towards external resources when confronting roadblocks
along the way. Thirdly, it frees up the instructor to check in with
each of the groups individually and tailor their approach to the
group’s needs rather than aiming at a common denominator. The
instructor takes on a supervisory role in which they can direct their
attention tactically to those students who need it most in order to
ensure a structured learning environment. Finally, group activities
present a light-hearted interruption to the usual learning flow that,
at times, can feel stiff and monotonous, energizing both students
and instructor for the task at hand.

2.2 Designing the IDE

If the previous section presents the theory of small-group activities
in CS education, then bcode is the practice. In this section, we will
discuss the web interface of the platform, as shown in Figure 1, and
how students and teachers might engage with it.
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2.2.1 The Teacher View. Before class, instructors log into bcode via
a Google or GitHub account and create a room, which represents
a shared space where the class will author code. A room roughly
corresponds to a "section" or "classroom" and typically (although
not always) will contain the code for a single problem. As part of
the configuration of a room, teachers provide a short alphanumeric
URL suffix through which students will connect to the room, as
well as the number of groups, each of which represents a "breakout
room" where a small group of students will author code. A lan-
guage can be chosen to control syntax highlighting (Python and
C++ are currently supported), and the number of groups, language,
and other configuration options to be discussed, can be changed
dynamically during teaching as well.

Once a room has been created, teachers are shown a bird’s-eye
view of all the groups in the room. As students join and author
code, the instructor can see their students’ changes as well as who
is making the change. Scrolling through this page provides valuable
information at a glance of what the state of the class is and what
kinds of approaches are being tried, and might prompt additional
clarifications or announcements if needed. Additionally, bad actors
or the rare unruly student can be removed from the room by IP
address.

2.2.2  The Student View. Students join a room by visiting the URL
or QR code provided by the instructor and are asked to enter their
name and a group to join. No sign in is required, and besides their
name, no identifying information is collected. This is an important
design choice — not only does this greatly lower the friction required
for instructors to adopt the tool, but also affords students some
peace of mind that their changes will not be tracked or identified
to them in any meaningful way after the session has concluded.

Students elect to join a group of their choosing. The names of
the students that have already joined a group are shown before
joining, and students often choose a group whose members are
physically nearby. This design simplifies the join flow over manual
assignment by the instructor (although this is still possible on an
ad-hoc basis), and allows the platform to scale to larger audiences.
At the time of writing this paper, bcode has been in regular use
during the lectures of a course of ~50 students at our institution.
Self-assignment parallelizes peer-finding such that bcode can scale
to any number, even hundreds, of connected students.

Having joined a group, students are shown a minimal IDE where
they can view and author code and see changes by their peers in
realtime. The goal of this interface is to be as straightforward and
unobtrusive as possible. Built with accessibility in mind, bcode is
supported on all major browsers and mobile phones. Students in
CS1 courses lacking prior experience or familiarity with other IDEs
should find bcode to be a pleasant experience. The relative lack of
prescriptive education-focused tooling, as found in other collaborative
tools [3, 4, 7, 14, 25, 31, 33], is an important design choice. Rather
than overfit to any single approach, we intentionally keep bcode
lightweight so that instructors may use it to support their own
teaching styles. For example, one common strategy seen was to cre-
ate a dedicated group after the small-group activity had concluded
where the instructor would write their own "official" solution to the
problem, essentially screen-sharing their work with the students.
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2.3 Additional Features

2.3.1 Starter Code. Instructors have the ability to add starter code
to a room which is visible to all groups by default. For example, all
students might begin with the same function signature for the prob-
lem being solved. Changing the starter code will reset all groups,
allowing instructors to quickly reuse the same room across prob-
lems if desired.

2.3.2 Code Execution. Enabling code execution in the room set-
tings allows students to run their Python/C++ code. Output is
displayed in a terminal interface built into the editor, and text input
and animated graphical output are supported. Code is run locally
for each student, so multiple students may run their code indepen-
dently and see the output without interfering with one another.

Instructors can configure packages to include when students
run their code. For example, Figure 2 shows an animated graphical
interface for running Karel [2], a popular library for teaching CS1,
which we had students use during our deployment of the tool. Our
modular approach, built on top of a novel open-source package
manager (github.com/cs106]/runtime), allows instructors at other
institutions to create and distribute their own course-specific li-
braries for students to run, and will eventually support third-party
package registries like Python’s pip.

Behind the scenes, we use WebAssembly [15] and web workers
[24] to handle execution entirely locally within a dedicated browser
thread. This approach is practically zero-cost, requires no additional
hardware other than the student’s own device, and runs perfor-
mantly on mobile devices such as phones and tablets. Furthermore,
our approach is language-agnostic and runs the language toolchain
(e.g. interpreter, compiler/linker) locally on the student’s own ma-
chine. System calls (e.g. open, read, write) are rewritten to use a
virtual in-memory filesystem, and shared memory buffers are used
extensively to communicate data efficiently between the browser’s
main thread and the code thread in order to enable performant exe-
cution of animated graphical programs. This represents a departure
from previous work [17], which aimed to run all student code on
the browser main thread. We believe this will scale better to new
languages, as already shown by its native ability to compile and run
C++ code, and ultimately yield superior performance by utilizing
multi-threaded execution.

2.3.3 Templates. An instructor may copy a template link to share
the configuration settings of a room with their colleagues. This is
useful to enable quick adoption of bcode among course staff. For
example, during the 2025 offering of the MOOC we partnered with,
course administrators used room templates to share pre-configured
packages and starter code with ~100 teaching assistants.

2.3.4 LLM Hints. Especially in larger sections, it may be difficult
for one instructor to support all groups alone. When a student is
blocked on access to the instructor, they lose time that could have
been better spent engaging with the problem. To address this, we
have added an opt-in, LLM-driven hints feature where students
may request a hint to get "unstuck". We generate hints by feeding
the student’s code, starter code, and prior hints as context to an
OpenAl 03 model. Students can only request up to a maximum of
three hints with a two minute cooldown (the specific numbers are
configurable by the instructor). In an era where the appropriate role
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of LLMs in education is debated [8, 22, 26, 30], we see this feature
as a happy medium between receiving no help at all and allowing
unrestricted access to an LLM.

2.3.5 Locking Rooms. At some point, the small-group activity must
end and the class must move on. To enable a quick transition, in-
structors may lock the room to prevent edits from students. While
the room is locked, the instructor can still make changes—for exam-
ple to share their own approach with students in realtime. All code
is persisted to a database, and students may continue to visit the
room afterwards for asynchronous review without concern that
the code will have changed.
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Figure 3: A breakdown of the proportion of rooms that uti-
lized various bcode features across cohorts during our deploy-
ment of the tool. Raw room counts are included above each
bar.

3 Scaling to Thousands of Learners
We deployed bcode across two broad learning contexts:

(1) CS198, a cohort of ~100 in-person undergraduate teaching
assistants supporting ~1000 CS1/CS2 students at our institu-
tion

(2) The 2024 and 2025 offerings of Code in Place, a MOOC that
teaches our institution’s CS1 class at scale (two cohorts to-
taling ~1800 TAs and ~30000 students)

Instructors in both contexts were presented the tool and offered
to voluntarily use it in their weekly, 50-minute discussion sections.
We show a breakdown of feature usage across each cohort in Fig-
ure 3, and the table below summarizes the context, number of TAs
who used bcode, and total number of rooms created per cohort.

Name Context # TAs # Rooms
CIP4 Virtual 53 77
CIP5 Virtual 86 160
CS198  In-person 30 110
Other! N/A 113 312

Each cohort was given a short presentation on how to use bcode.
A random subset of TAs was invited to use the tool for CIP4; for
CS198 and CIP5, all TAs were invited. TAs participating in CIP5

LOther contains data from users who didn’t correspond to either CS198 or Code in
Place. We suspect that many of these users were curious students of the instructors!
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received more targeted exposure on how to use the tool compared
to other cohorts, including weekly help sessions and a user guide
document.

3.1 Response from instructors

Throughout the deployment, we have consistently heard praise
from instructors, course staff, and students who have used bcode.
In a volunteer survey offered to CIP4 and CIP5 TAs (N = 24), TAs
noted that the tool reduced pressure on students to share screens,
enabled real-time collaboration across breakout rooms, and allowed
instructors to monitor group progress more efficiently and equitably.
When asked “What did you like about the tool?”, TAs responded that
it “allowed everyone to code live, which was fun and encouraged
participation from every member” and that “students finally started
talking with each other and discussing ideas in breakout rooms.”
When asked to rate how likely they were to recommend bcode to
another TA/instructor on a scale from 1-10, respondents averaged
9.12/10.

3.2 How groups were used
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10 max: 3828.00 max: 5000.00
avg: 631.56 20 avg: 1129.83
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Figure 4: A histogram of the count of textual modifications
per used group. The vertical axis represents group count, the
horizontal axis the number of modifications in that group.

We were interested to see how instructors provisioned groups in
their rooms, and how those groups were utilized. As students write
code, their local clients persist their changes to the database every 5
seconds. We define a group to be unused if it received fewer than two
updates overall, and a room to be unused if every one of its groups
was unused. We find that across cohorts, a large percentage of
rooms went unused (30.1%, 30.8%, 27.1%, 29.3%)2, which we believe
corresponds with rooms used for testing but not for instruction.
After filtering out such rooms, we found that the count of groups
per room varies somewhat across cohort (medians 2, 1, 3, 2) with
slightly right-skewed distributions (means 2.0, 1.9, 3.2, 2.8)2. Code
in Place TAs typically had usage in only one or two groups whereas
CS5198 TAs had usage in 3.

2The numbers in parentheses correspond to the CIP4, CIP5, CS198, and Other cohorts,
respectively.
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After filtering out unused rooms from the dataset, we find that
a majority of rooms had every one of their groups utilized (60.8%,
81.8%, 64.1%, 56.4% of rooms per cohort)z. In other words, a majority
of rooms with at least some usage in one group showed usage
across all of their groups. This indicates that instructors tended to
choose an appropriate group count to meet student demand, despite
different patterns in group use across contexts.

3.3 Student engagement in groups

As stated previously, students’ updates are persisted to a database
every 5 seconds, and we can track the evolution of each group’s
code over time, allowing us to compute the total count of textual
modifications (insertions and deletions of characters) per group.
Figure 4 shows a histogram of such counts across used groups (i.e.
groups with at least two updates). It is important to note that this
is not the number of characters written, but rather the sum of all
additions and deletions over the course of a group’s lifetime. Among
all cohorts, CIP5 exhibited the most engagement, with a median
of 672 modifications per group compared to the other cohorts,
which all hovered around 440. We trace this trend to the additional
instruction CIP5 TAs received on how to use bcode effectively in
their sections.

3.4 bcode may increase engagement

After verifying that bcode was used constructively, we analyzed
its effects on engagement. The randomized invitation emails in
CIP4 form a quasi-experimental setup suitable for this analysis. We
defined the following four groups of TAs:

o Used (53) — used bcode in their section, measured by having
an account and having created at least one room

o Invited (369) — received the email invitation to use bcode

e Non-invited (191) — did not receive the email to use bcode

e All (560) — Every CIP4 TA

For each group, we examined:

o Attendance drop — the average percentage point decrease in
attendance between the Week 5 and Week 6 sections during
which bcode was used (lower is better)

o Learner talk time — the average percentage of section dia-
logue time belonging to students (as compared to the TA),
measured by Zoom meeting transcripts

o Questions asked — the average number of questions asked
by students during the section, measured by Al transcript
analysis as done in [10]

There is no panacea for measuring engagement [23], but these three
proxies are suitable given the data Code in Place provided. Code in
Place uses Section attendance internally to gauge community health,
while Talk time and Questions asked reflect student participation
and correlate with high-leverage instructional strategies such as
uptake [10].

Metric All  Non-invited Invited Used
Attendance Drop (%) 2.55 3.03 2.30 1.28
Talk Time (min) 15 14 16 18
Questions Asked 7.0 6.8 7.1 7.6
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Figure 5: Average section attendance rates in CIP4 by ex-
perimental group. The CIP4 Used group maintained higher
attendance rates across all weeks.

The table above shows the metrics collected. Across each statis-
tic, TAs in the Invited and Used groups performed best. While the
margins are highest between the Used and Non-invited groups, cen-
tering the analysis here is misleading because bcode usage was
voluntary. TAs who opted to take up bcode after receiving an invita-
tion could be more experienced and have superior section statistics
anyway. Figure 5 suggests this, as the Used group’s attendance
exceeded that of the other groups before bcode’s introduction.

Since non-use of bcode among invitees was not random, we
conducted the following Intent-to-Treat regression [5] to measure
the effect of being invited to use bcode on student engagement,
while controlling for existing differences in TA skill level:

Talk time ~ Invited + Covariates

Talk time was chosen as the most stable metric to regress because
attendance can fluctuate due to external factors (e.g., a student’s
schedule or illness) and counting questions is vulnerable to Al
analysis errors. Additionally, talk time is the metric bcode was most
directly intended to increase — grouping students should get them
to engage more.

We regress this against Invited, an indicator for whether the TA
received an email advertising bcode and Covariates: whether or not
the TA is based in the US, whether or not they are a minor, the
average student talk time over the previous sections, whether the
TA was a former student or TA, when their section takes place,
and what proportion of the sections the TA went to. We chose
covariates that indicate how experienced a TA is to better isolate
the effect that bcode has over innate teaching ability.

We observed a coefficient of 1.7525 on Invited which points to an
expected 1.7525% increase in talk time when an TA is introduced
to becode. With p = 0.098 < 0.1, these results are not conclusive, but
certainly promising.

4 Discussion

Across the three cohorts in which it was deployed, bcode received
positive feedback, facilitated a variety of small-group activity types,
and showed potential for increasing engagement. Section 3 and
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Figure 3 demonstrate the flexibility of bcode, with some instruc-
tors choosing to make one group for each student, others small
groups, and others, especially those in CIP5, a single group where
all students participate together in a shared editor.

CIP5 saw higher engagement levels (as measured by textual mod-
ifications per group), smaller group counts, and higher utilization
of rooms than CIP4 and CS198. While we cannot say with certainty,
we hypothesize that more targeted TA instruction on the tool dur-
ing CIP5 led to higher engagement among that cohort’s students.
During the pre-section workshops, CIP5 TAs were encouraged to
use bcode with one group before advancing into multiple groups,
which may account for the observed median of one group per room.
We also believe that Zoom preparation sessions, a user-guide with
helpful information, and access to forum support where TAs could
raise concerns, may have led these TAs in aggregate to use bcode
in a way that was more conducive to student engagement. This
hints at a tradeoff: though bcode’s interventions provide flexibility
across a range of learning contexts, its effectiveness may depend
on structured guidance and support for TAs.

bcode’s compromise is to provide first-class support and sensible
defaults for the small-group use case, while allowing customization
to broaden the base of instructors for whom it is useful. Rather
than pursuing an all-in-one design, we intentionally kept bcode
lightweight—an approach that has enabled a smooth transition from
its original in-person use in CS198 to remote deployment in CIP4
and CIP5. Notably, bcode omits several commonly requested fea-
tures, such as built-in student-teacher communication, video con-
ferencing, and automated group assignment. By delegating these
responsibilities to the instructor, bcode allows the instructor to
integrate it into their existing workflow.

4.1 Future Work

This study’s finding of marginally significant results justifies a
larger-scale experiment on bcode’s effects. A future experiment
involving a larger user base and mandatory, rather than opt-in
usage for the treatment group might enable more rigorous causal
inference, helping to more conclusively determine whether bcode
improves student engagement and learning outcomes.

While we desire for bcode to remain a general and lightweight
tool, there are a number of functionality extensions we are inter-
ested in pursuing that may be integrated as modular plugins or
room-specific "widgets". For example, we are interested in pro-
viding support for: course-specific test harnesses and libraries,
steppable and/or breakpoint debugging, interactive graphics (e.g.
mouse/keyboard input), networking, a student-visible filesystem,
and dynamic run-time code analysis, such as visualizing the stack
and memory layout of the running program. Our aim is that bcode
can act as a general purpose platform for pre-flighting and research-
ing novel educational tooling in a collaborative setting at scale.
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