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Abstract

Block-based programming has become an essential entry point
into computer science education by replacing fragile textual syntax
with visible, composable program structures. Yet commonly used
environments still assume access to a personal computer or tablet,
while their sharing and collaboration features often assume reli-
able connectivity. We present BitBlocks, a fully offline, touch-based
block-coding environment intended for novice K-12 learners in
low-resource or infrastructure-constrained classrooms. Authoring
and execution occur on an ESP32-S3-WROOM-1-N16R8 microcon-
troller with a 480x320 display. Learners browse categorized blocks,
drag and snap them into connected stacks, select sprites and back-
drops, and execute programs without a browser, account, network
connection, or separate programming host. The educational goal is
to make the complete author-run-revise cycle available on an in-
expensive, individually programmable device rather than limiting
participation to scheduled access to a computer laboratory. Bit-
Blocks combines a Ul-independent program model, flash-resident
media, touchscreen-oriented events, and a lightweight interpreter.
The current prototype supports core workspace interactions, local
media selection, sprite movement, and early conditional logic.
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1 Introduction

Block interfaces make program structure visible and avoid many
syntax errors; empirical studies report faster task completion and,
in high-school settings, larger learning gains than comparable text
interfaces [1, 2]. Scratch combines snap-together commands with
programmable media for creating animations, stories, and games
[3, 4]. BitBlocks preserves this familiar experience: students drag
blocks from a palette, connect them into executable stacks, and run
the resulting program.

Access also concerns whether each learner can repeatedly author,
test, debug, and retain projects. BitBlocks is intended for novice
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Figure 1: BitBlocks running on the target touchscreen with-
out a separate programming computer.

K-12 learners in low-resource or infrastructure-constrained class-
rooms, where giving each learner an individually programmable
device may be more practical than maintaining a computer labora-
tory. The intended classroom model shifts participation from taking
turns at a shared computer toward each learner directly creating
and debugging on a personal or classroom-issued device.

BitBlocks places authoring, execution, and revision on one offline-
first device. The current prototype has an estimated core hardware
cost of approximately US$20, excluding the optional SD card. We
ask how a low-cost standalone device can support creative intro-
ductory programming on a four-inch display. Figures 1 and 2 show
the hardware and editor.

2 Related Work and Educational Position

Scratch and Monroy-Hernandez emphasize low-floor creative ex-
pression, visible program structures, and programmable media [3, 4].
BitBlocks adopts sprites, backdrops, events, movement, and imme-
diate execution so novices can connect code to visible outcomes and
create personally meaningful projects, while treating networking
as optional.

The GoGo Board reduced barriers to physical computing in eco-
nomically challenged communities [5], and Blikstein argued for
expressive tools grounded in learners’ local contexts [6]. BitBlocks
extends this access argument to authoring: learners should not re-
quire a second, more expensive computer to program an educational
device. It is positioned as an access-oriented prototype for computer
science education, not simply a microcontroller demonstration.

TileCode and MicroCode show that programming can occur di-
rectly on constrained handheld hardware [7, 8]. BitBlocks differs
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Figure 2: BitBlocks editor regions and the on-device edit-run workflow.

through its freely arranged, touch-operated stack workspace, inte-
grated programmable media, and focus on an individually usable
edit-run-debug cycle.

3 Learning Design and Implementation

The interaction design follows familiar block-programming conven-
tions. Control is orange, Movement is blue, ,and
Operators are green. Learners drag blocks from a scrollable palette,
snap compatible connectors together, and move connected stacks as
units. This interaction design is intended to reduce syntax demands
while preserving sequencing, events, parameters, conditionals, and
visible cause-and-effect relationships central to introductory pro-
gramming.

Desktop interactions are adapted to a stylus and touchscreen:
point towards mouse-pointer becomes point towards stylus touch,
and event blocks include when display touched. This vocabulary
also creates a path toward sensor- and hardware-triggered condi-
tionals. Trash, clear, zoom, and reset controls support revision and
debugging. Pressing Play temporarily replaces the editor with a
full-resolution output view, providing a larger view of program
behavior before learners return to revise their blocks.

The embedded system enables this experience without a host
computer. BitBlocks runs on an ESP32-S3-WROOM-1-N16R8 with
a 480x320 touchscreen. Its 16 MB of flash and 8 MB of PSRAM
support local sprites, backdrops, and program data; SD-card ex-
pansion is planned as the libraries grow. C++ firmware uses Ar-
duino/PlatformIO and LVGL 9.5. A Ul-independent model stores
connected blocks, and a lightweight interpreter executes them. A
Python/PySide6 prototype validates interactions before embedded
implementation.

4 Preliminary Design Observations

The prototype supports a complete local author-run-revise loop
without accounts, connectivity, or a separate computer after firmware

installation. This makes one-device-per-learner activities techni-
cally plausible, although classroom feasibility and learning effects
remain to be evaluated.

Internal testing identified display density as the main constraint.
Larger stacks exceed the visible workspace, while zooming out
reduces text and touch-target legibility. For novices, this may com-
plicate tracing, debugging, and maintaining an overview. These
are design hypotheses, not learning-outcome evidence; they mo-
tivate the planned pages feature and a study of learner authoring,
navigation, and error recovery.

5 Future Work

We plan to expand the opcode library toward the breadth expected
from mature block environments, enabling more sophisticated ani-
mations, games, and interactive stories. As projects grow, a planned
pages feature will partition a project across multiple workspaces or
scenes while preserving shared sprites, variables, and project state.
This organization is intended to reduce the need to view an entire
large program on a single four-inch canvas.

A second direction is hardware-dependent blocks inspired by
educational robotics kits. Sensor, actuator, and device-event blocks
would let students connect physical electronics to their programs:
a light, distance, or touch sensor could trigger a conditional branch,
alter a sprite, or control an attached motor, LED, or other output.
This would allow the same environment to bridge on-screen pro-
grammable media and real-world experimentation.

The next evaluation phase will involve novice learners com-
pleting short authoring and debugging tasks. We will examine task
completion, incorrect placements, snapping and deletion recoveries,
assistance requests, and how page organization changes navigation
in larger projects. These studies will determine whether BitBlocks
is merely technically compact or genuinely usable as an offline-first
programming environment.

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

232



233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

278
279
280
281
282
283
284
285
286
287
288
289
290

BitBlocks: A Fully Offline Block-Coding Environment on a Microcontroller-Class Device

References

(1]

Thomas W. Price and Tiffany Barnes. 2015. Comparing Textual and Block Inter-
faces in a Novice Programming Environment. In Proceedings of the Eleventh Annual
International Conference on International Computing Education Research. Associa-
tion for Computing Machinery, 91-99. https://doi.org/10.1145/2787622.2787712
David Weintrop and Uri Wilensky. 2017. Comparing Block-Based and Text-Based
Programming in High School Computer Science Classrooms. ACM Transactions on
Computing Education 18, 1, Article 3 (2017), 1-25. https://doi.org/10.1145/3089799
Mitchel Resnick, John Maloney, Andrés Monroy-Hernandez, Natalie Rusk, Evelyn
Eastmond, Karen Brennan, Amon Millner, Eric Rosenbaum, Jay Silver, Brian
Silverman, and Yasmin Kafai. 2009. Scratch: Programming for All. Communications
of the ACM 52, 11 (2009), 60-67. https://doi.org/10.1145/1592761.1592779

Andrés Monroy-Hernandez and Mitchel Resnick. 2008. Empowering Kids to Create
and Share Programmable Media. Interactions 15, 2 (2008), 50-53. https://doi.org/
10.1145/1340961.1340974

SIGCSE Virtual 2026, November 12-15, 2026, Virtual Event

Arnan Sipitakiat, Paulo Blikstein, and David P. Cavallo. 2004. GoGo Board: Aug-
menting Programmable Bricks for Economically Challenged Audiences. In Pro-
ceedings of the 6th International Conference of the Learning Sciences. International
Society of the Learning Sciences. https://doi.org/10.5555/1149126.1149185

Paulo Blikstein. 2008. Travels in Troy with Freire: Technology as an Agent of
Emancipation. In Pedro Noguera and Carlos Alberto Torres (Eds.), Social Justice
Education for Teachers: Paulo Freire and the Possible Dream. Sense Publishers,
Rotterdam, The Netherlands, 205-244. https://doi.org/10.1163/9789460911446_015
Thomas Ball, Shannon Kao, Richard Knoll, and Daryl Zuniga. 2020. TileCode:
Creation of Video Games on Gaming Handhelds. In Proceedings of the 33rd An-
nual ACM Symposium on User Interface Software and Technology. Association for
Computing Machinery, 1217-1230. https://doi.org/10.1145/3379337.3415839

Kobi Hartley, Elisa Rubegni, Lorraine Underwood, Joe Finney, Thomas Ball, Steve
Hodges, Eric Anderson, Peli de Halleux, James Devine, and Michal Moskal. 2024.
Meet MicroCode: A Live and Portable Programming Tool for the BBC micro:bit.
In Proceedings of the 23rd Annual ACM Interaction Design and Children Conference.
Association for Computing Machinery, 355-370. https://doi.org/10.1145/3628516.
3656995

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348


https://doi.org/10.1145/2787622.2787712
https://doi.org/10.1145/3089799
https://doi.org/10.1145/1592761.1592779
https://doi.org/10.1145/1340961.1340974
https://doi.org/10.1145/1340961.1340974
https://doi.org/10.5555/1149126.1149185
https://doi.org/10.1163/9789460911446_015
https://doi.org/10.1145/3379337.3415839
https://doi.org/10.1145/3628516.3656995
https://doi.org/10.1145/3628516.3656995

	Abstract
	1 Introduction
	2 Related Work and Educational Position
	3 Learning Design and Implementation
	4 Preliminary Design Observations
	5 Future Work
	References

