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Figure 1: Snack-o-Mation in action during a TecDay event: students automate two Dobot Magician robots and a conveyor belt
to deliver small sweets. This is a cooperative task where multiple teams are responsible for a single task in the automation
system. Picture courtesy of Kantonsschule Ziircher Unterland, Biilach, Switzerland.

Abstract

We present Snack-o-Mation, an interactive teaching module of 90
minutes to educate students in Switzerland on Industrial Automa-
tion and the Internet of Things. Up to 18 participants are split up
into multiple groups and asked to collaborate on several interdepen-
dent tasks. Two small robot arms and a conveyor belt demonstrate
a vending machine for sweets. Participants interact with the system
by sending radio messages from the micro:bit platform. We share
our experiences and lessons learned from offering our module at 12
TecDay events at different secondary schools throughout Switzer-
land. Our module has been attended by over 450 students of age 12
to 19 during the last two years.
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1 Introduction

The rapid proliferation of the Internet of Things (IoT) is reshaping
industries, economies, and everyday life. This makes it imperative
to prepare the next generation for a future that is deeply intertwined
with connected technologies. However, educational approaches of-
ten fall short in conveying the interdisciplinary and applied nature
of IoT [1], particularly at school level. This paper explores innova-
tive strategies for teaching IoT to students through interactive and
hands-on methods that bridge theory and practice. By engaging
students in hands-on activities with wirelessly connected devices
we aim to foster a deep understanding and sustained interest in
STEM (science, technology, engineering, and mathematics) fields.
Motivating young learners to pursue scientific and engineering
disciplines is not only essential for addressing future workforce
demands, but also for educating informed citizens that are capable
of navigating a technologically complex world. This challenge is es-
pecially pronounced when it comes to female students, who are still
underrepresented in technical domains. A study [2, 3] has shown



that STEM events at secondary schools in Switzerland increase the
likelihood that students will later chose a technical or scientific
subject for their university studies.

2 TecDays

As part of its mission to foster scientific and technical literacy
among youth, the Swiss Academy of Engineering Sciences (SATW) [4]
organizes TecDays—immersive educational events hosted at sec-
ondary schools across Switzerland [5]. These events are structured
as school-wide, full-day programs where students from age 12 to
19 engage in interactive modules led by experts from academia
and industry. School students are able to indicate their interests
for different modules from a catalog before the event. Based on
the size of the school, students can select three modules out of up
to 70 different modules offered by companies or academic institu-
tions. Each module has a duration of 90 minutes and is held in a
normal classroom or computer room at the school. The organizers
of the TecDay will coordinate the logistics on site based on the
requirements provided by the module facilitators (e.g., number of
computers, space for the demonstrator, WiFi access).

3 Snack-o-Mation Module

In this section, we give an overview of the Snack-o-Mation module
developed specifically for the TecDay events. The module has a
duration of 90 minutes and is facilitated by 1-2 instructors in the
local language of the school district (German, French, Italian). We
provide the source code and teaching materials on GitHub!.

3.1 Teaching Goals

The main goal of Snack-o-Mation is to provide a hands-on intro-
duction into the world of robotics, automation, and the Internet
of Things (IoT) [6]. Our demonstrator setup provides a vending
machine-like automation system to deliver small chewy candy
wrapped in paper (we use MAOAM Bloxx or similar). A potential
customer can order a specific number of candies being delivered
from two storage locations by means of two robotic arms and a
conveyor belt, as shown in Figure 1.
Our module consists of the following parts:

(1) Introduction of the facilitators and company, examples for
industrial automation systems (15 min)

(2) Demo of the final solution (5 min)

(3) Hands-on with the micro:bits and MakeCode (45 min)

(4) Collaborate to get sweets delivered (20 min)

(5) Wrap-up and goodbye (5 min)

3.2 Introduction & Examples

At the start of each session, the facilitators introduce themselves
and their educational background, such as where they attended
secondary school and which subject they have pursued during
university studies. Furthermore, we give a brief introduction of
ABB and ABB’s research lab. We then introduce examples and the
evolution of real-world industrial automation and their influence
on society.

!https://snack-o-mation.github.io
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3.3 Demonstration

Following the introduction part of the module, we then ask ev-
eryone to come close to the demonstrator setup, which is usually
placed in the front of the classroom. We introduce the two robots
and the conveyor belt and explain the working principle of the
Snack-o-Mation system. Using the graphical user interface (GUI)
shown on the screen or projector, we explain how to retrieve the
coordinates of each robots’ manipulator. Furthermore, we intro-
duce step-by-step which operations are necessary to pick up sweets,
place them on the conveyor belt and pick them up again for deliv-
ery. Next, we demonstrate by an example how a successful delivery
of sweets to the customer should look like. Finally, we make the
system forget about all the pre-configured coordinates by clicking
a button on the GUIL We then explain that now the system needs
to be re-programmed by the participants to make it work again.

3.4 Introduction to the micro:bit

The largest part of the module is dedicated to an exploration and
introduction of the BBC micro:bit platform [7, 8]. We start by dis-
tributing the micro:bit devices and USB cables to the participants.
Then we ask them to connect the devices to their laptops or PCs
and open the Microsoft MakeCode? site in the browser. For the next
45 minutes, we let them explore how to interact with the micro:bit
platform. The goal is to introduce all the concepts necessary to
complete the collaborative exercise later on, such as user input and
radio messages.

First, we explain how to build an application using the graphical
editor offered by MakeCode (e.g., showing a heart-shaped symbol
on the LED matrix at startup) and download it to the micro:bit
device. Then, we let them explore freely for about 10 minutes with
the different output modalities (symbols, showing text, making
music) of the micro:bit. We then introduce the blocks from the input
group in MakeCode, which tell the micro:bit what actions to execute
based on different input events, such as button pressed, shaking
the micro:bit, etc. Finally, we introduce the concept of sending and
receiving radio messages between different micro:bits. We ask the
participants to send messages upon a user input and trigger an
action on reception of a radio message on another micro:bit.

3.5 Collaborative Exercise

After the participants got familiar with the micro:bit platform,
we then proceed to complete the reprogramming of the Snack-
o-Mation system in a collaborative manner. To do so, we split into
up to 6 groups of 2-3 participants each. We hand out printed in-
structions which describe each group’s dedicated task in detail.
Five groups are asked to transmit the coordinates (x,y,z) for the
position of the corresponding robot arm in the given delivery step,
i.e., storage locations, positions on conveyor belt, and final delivery
location. To obtain the coordinates for a given task, the students are
asked to move the robot arm by hand to the desired position while
holding down a button on the robot’s arm. The coordinates need
to be sent in a radio message encoded as a string like "1#x=100",
where the first number identifies the group, followed by the name
and value of the corresponding coordinate. The sixth group is asked
to send the amount of sweets available in the two storage locations

2https://makecode.microbit.org
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Figure 2: The Snack-o-Mation setup: Two Dobot Magician robots and a micro:bit are connected to a laptop via USB. The robot on
the right side controls the motor of the conveyor belt and is connected to the photoelectrical sensor. The goal of the collaborative
exercise is to send the coordinates through radio messages to pick up an item from one of the storage areas (position #1 and
#2), place it with the right robot onto the conveyor belt (position #3), transport it on the conveyor until it is detected by the
photoelectrical sensor (position #4), then pick it up again with the left robot and deliver it to the customer (position #5).

encoded in a string like "6#1, 2", which indicates the group number
and that the storage locations contain one and two items.

As the different groups work on solving their individual tasks,
we use the GUI to keep track of the status of the different groups.
Tasks that were completed change colors from grey to green in the
GUL This allows the facilitators to keep track of the progress of
the different groups and provide assistance if needed. Furthermore,
it motivates the different groups to complete the task as fast as
possible. Upon sending all three coordinates for a specific position,
participants can verify that the robot arm moves to the proper coor-
dinates at the demonstration table. In addition, we have a few extra
tasks at hand which can be assigned to groups that have already
completed their original assignment. This helps to keep everyone
engaged while we wait for completion of all the assignments.

3.6 Wrap-up

Upon completion of all tasks assigned to the groups, we ask every-
one to come in front to our demonstrator. We then start the delivery
of several sweets from the storage locations. This demonstration
marks the end of our module and participants can take the success-
fully delivered sweets with them. In case there is some time left,
we also engage the participants in a closing discussion and ask for
their view on the topic of robotics. For example, if they perceive
automation and robotics as a positive impact on society or if there
are some aspects that they rather see from a critical point of view.

4 Hardware & Software Setup

In this section, we describe the components of our demonstrator
setup, as shown in Figure 2. When selecting the hardware compo-
nents for our module, we have taken care that our setup can be

transported easily and can be installed within a short amount of
time on a regular table in a classroom.

4.1 Robots and Conveyor

We use two Dobot Magician robots [9], a desktop-grade 4-axis
robot arm built for classroom applications. Both robots are placed
in proximity of the Dobot mini conveyor belt kit [10]. The conveyor
belt is supplied with power by one of the robots, which can also
control the speed of the motor driving the conveyor belt. Using
a photoelectric switch attached to the conveyor, we can detect
when an object approaches one end of the conveyor belt. Both
Dobot robots are supplied with a standard 230V AC plug and are
connected to a laptop using the USB serial port.

Our hardware setup can be transported inside a StormCase
iM2975 from PELI, which can be pulled by a single person and
fits into the trunk of regular car. Unpacking, assembly and con-
necting our hardware setup can be achieved by a single person
within approximately 10 minutes. Other than having access to a
power plug, screen/projector and WiFi, we do not rely on any other
infrastructure provided by the school. Laptops or PCs are provided
by the school or brought along by the participants.

4.2 Micro:bit Platform

The participants of our module will use the popular BBC micro:bit
platform [11] to interact with our Snack-o-Mation system by send-
ing radio messages. The second version (v2) of the micro:bit plat-
form is built around an ARM Cortex-M4 microcontroller with ac-
celerometer, magnetometer and microphone as sensor inputs, as
well as two buttons and a small LED matrix display. The device can
be connected via USB to a computer for programming and to supply
it with power. For programming the micro:bit, we use the Microsoft
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Figure 3: The Microsoft MakeCode environment is used by the participants to program the micro:bit platform in the browser.

MakeCode platform, which allows to program the micro:bit using
a visual programming approach in the web browser, as shown in
Figure 3. The micro:bit platform allows coding in Python as well,
but we only recommend this to more experienced participants that
have done this before.

We provide a dedicated micro:bit with the corresponding USB ca-
ble for each participant. Depending on the school, each participant
is equipped with either a personal laptop or we use the school’s com-
puter infrastructure. Programming the micro:bit can be performed
through WebUSB with any recent version of popular browsers (e.g.,
Chrome, Edge). If WebUSB is unavailable (e.g., on Safari or Fire-
fox), users can download the binary and manually move it to the
corresponding USB mass storage device provided by the micro:bit.

4.3 Controller & Visualization (GUI)

The controller is running on a laptop and implemented in the
Python programming language. It communicates with the hard-
ware, i.e., both robots and the micro:bit serving as the radio receiver,
through the USB serial ports. It implements the state machine of our
automation system, orchestrating both robot arms and the conveyor
belt to perform the automation task. It keeps track of the coordi-
nates of the different key positions, which are received through
radio messages sent by the participants. We have implemented a
graphical user interface (GUI), as shown in Figure 4. It is available
in English as well as translated to all languages in which we provide
the Snack-o-Mation module: German, French and Italian. The GUI is
shown on the screen in front of the classroom during the hands-on
exercises and is used to visualize the current state of the two robots,
as well as to keep track of the progress of the different groups. The
participants are able to read the coordinates of the current posi-
tion of the two robot arms. Additionally, the interface facilitates
monitoring of the wireless communication by showing incoming
radio messages, allowing users to verify that their message was
correctly transmitted and formatted. To support collaborative and
competitive learning environments, the GUI can track and display

the progress of each team, offering immediate feedback and foster-
ing motivation. Completed sub-tasks are highlighted with green
background color. Furthermore, the GUI serves as a control panel
for initiating delivery tasks, managing orders, updating the amount
of sweets in stock, as well as letting the students move the robot
to the specified position. These capabilities collectively enhance
usability, situational awareness, and engagement, making the GUI
indispensable for both educational and operational contexts.

5 Survey Results

For each TecDay event, the organizers conducted a post-event
survey amongst the participants of our modules. This survey is
voluntary. In this section, we summarize the feedback received by
134 of the 450 participants from 12 TecDay events. Each participant
was asked to rate our module along 4 dimensions (interactivity,
entertaining, informative, difficulty), as well as to give an overall
impression of the module.

5.1 Overall Rating

We show the overall ratings for the module for each of the 12 Tec-
Day events in Figure 5. Overall, 59 out of 134 of participants (44%)
rated our module with good, 39 (29.1 %) with very good, while 30
(22.3%) perceived it as average and 6 (4.4%) as poor. We can observe
that the distribution of ratings changes between the different events,
which could be explained through different facilitators, local setup,
and differences in the background of the participants (e.g. age, focus
of their studies). In particular, we noted worse ratings given as feed-
back for the second event, which were attributed to some technical
issues we encountered with the robot during this particular event.

Furthermore, 94% of the participants perceived our module as
interactive and 86% rated it as an entertaining experience. In total,
101 out of 134 participants (76%) indicated that the module was
informative to them. In terms of the difficulty level, it was rated as
too easy by roughly 20%, exactly right by 71%, and as too difficult
by 9% of the participants.
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Figure 5: Survey results based on feedback from 12 TecDay
events. Participants were asked to select an overall rating for
the module from the given categories.

5.2 Free-text Comments

Besides the categorical ratings, students were asked to provide free-
text comments regarding (i) what aspects they particularly liked
and (ii) what could be improved.

Positive Aspects. They particularly enjoyed the hands-on expe-
rience of programming the robots and the opportunity to work
collaboratively in groups. They appreciated the practical approach,
the engaging and interactive sessions, and the ability to experiment
and see their projects come to life. The competent instructors and
the balance between instruction and active participation were also
highlighted as positive aspects.

Improvement Suggestions. The students also suggested several
improvements for the module. They felt that the programming tasks
could be more challenging, especially for older students, and that
the overall difficulty level should be increased. Additionally, they
recommended more detailed explanations and introductions to the
tools and concepts, as well as a clearer focus on the topic of sweets
automation. A few students also suggested extending the duration
of the module and incorporating more interactive and engaging
activities.

6 Lessons Learned & Outlook

Several insights emerged from the facilitation of the module that in-
form best practices for instructional design in hands-on computing
education.

Be Prepared For the Unknown. As the module is taught at dif-
ferent schools, we are usually not fully aware of the details of the
facilities available in the classroom. Therefore, we always bring
spare extension cables for power, USB and HDM]I, as well as differ-
ent adapters with us.

Concise Instructional Materials. We also observed that partic-
ipants frequently overlooked detailed written instructions, indi-
cating a need for more concise materials supplemented by verbal
guidance and live demonstrations.

Structured Learning Environment. Time management was an-
other critical factor. While students benefited from the opportunity
to experiment with the micro:bit platform, examples shown on
screen by the facilitators and strict timekeeping were necessary to



maintain progress across groups. The presence of two facilitators
proved advantageous, enabling one to provide support to individual
groups while the other managed the overall session flow.
Accessible Programming. Interestingly, many students did not
initially recognize that they were engaging in programming. This
suggests that the activity design effectively abstracted complex
concepts, thereby lowering the barrier to entry. However, certain
technical elements—particularly the message format encoding (i.e.
in what format to provide the coordinates) were perceived as diffi-
cult.

Adaptive Learning. Student groups are typically quite diverse
in their level of prior programming experience. Task flexibility
also contributed to the module’s success. Optional extension tasks
were provided for faster groups, allowing them to explore advanced
topics without delaying others. For example, one additional task was
to provide the start signal for a new delivery by sending a specially
crafted radio message. In case no team was able to complete the
additional task, we could start the delivery by pressing a button on
the GUI instead.

Potential Extension - Distributed Systems. Future extension
tasks could involve implementing decentralized control logic on the
micro:bit, enabling devices to respond to events received via radio
communication. This would not only introduce event-driven pro-
gramming, but also encourage exploration of distributed systems
concepts. However, we believe additional time during the session
would be required to introduce these concepts.

7 Conclusion

We described Snack-O-Mation where students collaboratively solve
a programming riddle to retrieve candy from a robot-based vend-
ing machine. It was met with great enthusiasm. Student feedback
indicates that they enjoyed the practical aspect of the course, as
well as the active participation. During the evolution of the course
we were able to improve the setup for full reliability and quick
reproducibility. Especially the exploration phase of the course is
a considerable risk. We were however pleasantly surprised by the
level of creativity of the students, and their sparked interest in IoT
technology. The subsequent instruction-based phase of the course
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finally facilitates a positive and satisfactory outcome for the par-
ticipants. It remains to say that while considerable effort was put
into the preparation of this course, we think that it is worthwhile
to motivate students early in their education to consider the STEM
field as a future path.
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