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Abstract: Generative artificial intelligence - Al, particularly language models, are transforming
industries by automating content creation and enhancing human-computer interactions. The
STEM education approach in our engineering program is crucial to develop skills and insights
that complement and go beyond what language models can achieve. Students must be edu-
cated with a highly flexible STEM approach, as Al already can easily handle highly repeatable
tasks at a fraction of the cost compared to employee salaries. Without this kind of education,
they risk losing their jobs to automation. The aim of this work is to highlight the STEM approach
in obtaining and simple processing of sound data using Raspberry Pi.
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1. INTRODUCTION

The increasing prevalence of Al and automa-
tion in various industries presents both op-
portunities and challenges for STEM educa-
tion. As generative Al models become more
sophisticated, they are capable of handling
a wide range of repeatable tasks at a fraction
of the cost associated with human labor. This
shift necessitates a reevaluation of educa-
tional priorities, particularly in engineering
and technology fields. Pedagogically, this has
profound implications on how educators must
design curricula and engage with students.

As traditional tasks become automated, the
role of STEM education must evolve. Instead
of emphasizing technical tasks that can be
performed by Al—such as simple data anal-
ysis, basic programming, or routine engineer-
ing tasks—STEM curricula must now priori-
tize higher-level competencies such as cre-
ativity, critical thinking, and interdisciplinary
problem-solving. This shift reflects a need for
pedagogies that go beyond imparting tech-
nical knowledge, incorporating opportunities
for students to engage in collaborative proj-
ects, complex problem-solving, and innova-
tive thinking.

Al's rise in automation underscores the need
for educators to foster higher-order cogni-
tive skills—those that Al is not capable of
replicating, such as abstract reasoning, eth-
ical judgment, and creative problem-solving.
Bloom’s Taxonomy [1] can serve as a guiding
framework for this pedagogical shift. Instead
of focusing on basic tasks like remembering
and understanding—tasks Al excels at—edu-
cators should prioritize activities that develop
analyzing, evaluating, and creating skills.

In practical terms, this means that courses on
sound data collection and processing, such
as those using Raspberry Pi [2] platforms,
should encourage students not just to follow
pre-programmed routines but to experiment,
adapt, and innovate. The sound projects dis-
cussed in this paper are a perfect example of
this pedagogical approach, where students
must move beyond simply collecting audio
data. They are encouraged to analyze the
data critically, understand its implications,
and develop novel applications for it in re-
al-world scenarios, which Al alone cannot ac-
complish.

STEM education in engineering emphasizes
critical thinking, problem-solving, creativity,
and collaboration through hands-on, proj-
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ect-based learning. It develops skills in sci-
ence, math, coding, and engineering design,
preparing students for in-demand STEM
careers, and enhancing economic compet-
itiveness. The STEM education approach in
engineering is even more critical in the artifi-
cial intelligence (Al) era. Generative Al, includ-
ing language models, does not truly “think”
in the human sense; it processes data and
generates responses based on patterns and
algorithms. It lacks consciousness, under-
standing, and intentionality, relying solely on
learned data to produce outputs.

There are many articles discussing the use
of Raspberry Pi [2] in student education.
Raspberry Pi is an excellent tool for prac-
tical learning in programming, electronics,
robotics, and other STEM fields. Arduino [3]
also plays a significant role in STEM educa-
tion by providing hands-on experience with
electronics and programming. It enables
students to build and experiment with their
own projects, fostering creativity and prac-
tical problem-solving skills. The VEML7700
light sensor has proven to be an effective
tool for measuring illuminance levels of light
sources. The inverse square law is verified in
[4] the sensor was used in Arduino platform.
Refraction, diffraction, and energy losses
studies using Arduino and Raspberry Pi were
conducted in [5]. The setup for measuring
the diffraction of light on an optical element,
specifically a diffraction grating, in a remote
manner based on Raspberry Pi and Arduino
is presented in [6].

In this work, we describe the setup for audio
recording and what can be done in STEM ap-
proach by students on the Raspberry Pi plat-
form. Finally, we provide a short summary.

2. SETUP

For microcontrollers lacking analog input or
seeking to bypass potential noise issues in-
herent in analog microphone systems, there
is 12S Microphone Breakout, e.g. [7]. Designed
for use with microcomputers with 12S periph-
erals, this breakout facilitates the transmis-
sion of digital audio data. Instead of tradition-
al analog outputs, it features Clock, Data, and
Word-Select digital pins, eliminating the need
for analog conversion.

Compatibility is crucial, as not all microcon-
troller boards support 12S; however, it pairs
seamlessly with hardware that does, includ-
ing Cortex M-series chips like the Arduino
Zero, Feather MO, and single-board comput-
ers like the Raspberry Pi. 12S library is also
available for Arduinos powered by the SAMD
processor [8]. Example codes are accessible
from the dropdown menu after installing li-
braries. Overall sound pressure level and Fou-
rier transformation can be performed to anal-
yse signal; however, this approach is quite
restrictive.

In our scenario, Raspberry Pi Zero are em-
ployed to harness the full potential of data
acquisition and processing. Node-RED [9]
can be executed on Raspberry Pi, providing
a versatile platform for visual programming
and loT applications. One advantage is its
user-friendly interface, enabling quick proto-
typing and development through drag-and-
drop functionality. Additionally, Node-RED's
extensive library of pre-built nodes simplifies
integration with various devices and services,
enhancing flexibility. Moreover, its compati-
bility with Raspberry Pi’'s GPIO pins facilitates
seamless interaction with hardware com-
ponents. One can observe that Node-RED
operates within a browser, utilizing widely
recognizable components. This ensures that
students are not confronted with an unfamil-
iar graphical user interface (GUI), facilitating
ease of understanding.

In Fig. 1. The photography of 12S microphones
a) which are enclosed in the front panel b) are
stacked on top of a Raspberry Pi Zero board
(under the microphone plate) c) is shown.
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3. DISCUSSION

Collection of audio data begins by pressing the
start button in the graphical user interface in
Node-RED. The graphical interface is not shown
here. The data collection ends by pressing the
stop button or after reaching the time limit,
which is set to one minute for compressed files.
For uncompressed audio files, the timeout is
set to 10 seconds. The audio data is displayed in
one graph showing the last second, and another
graph shows processed data after applying the
Fourier transform. The audio files can be down-
loaded to a computer for further processing, but
the primary goal is to manipulate and process
the data on a Raspberry Pi.

Below is one of the possible scenarios of how
students could work with the described setup.
Afew steps could be carried out, but it is better
to perform as many as possible steps to show
the advantages of the STEM-based approach.

In the subject of Materials and Technologies,
students work on developing a printed circuit
board (PCB), simulating it, mounting compo-
nents, soldering them to the PCB, and calcu-
lating the probability of failure.

In this subject (Materials and Technologies), the
following steps could be taken by analogy. Stu-
dents could solder MEMS microphones onto
the PCB or install other electronic components
to eliminate external electromagnetic fields

Table data;
float[] amplituda; // amplitida zo siboru
int N; // poiet vzoriek

1

Z

- |

4

5 void setup() {
6 // Naditanie ddajov zo sdboru nahravka.dat

7 data = loadTable("nahravka.dat", "header, csv");

8

9 // Extrahovanie amplitddovych hodndt z tabulky do pola
10 int pocetRiadkov = data.getRowCount();

11 amplituda = new float[pocetRiadkov];

13 for (int 1 = @; 1 < pocetRiadkov; i++) {
14 amplitudali] = data.getFloat(i, "amplituda");
15 ¥

17 // Nastavenie poltu vzoriek pre DFT
18 N = amplituda.length;

20 /7 Vykonanie DFT na amplitddovych Gdajoch
21 Komplexnel] vysledokDFT = vykonajDFT(amplituda);

23 // Ulozenie vysledku DFT do siboru
24 ulozDFTVysledok(vysledokDFT, "fourierVystup.dat");
25 'k

27 // Funkcia na vykonanie Diskrétnej Fourierovej Transformicie (DFT)
28 Komplexne[] vykonajDFT(float[] data) {

29 int N = data.length;

30 Komplexnel[] vysledok = new Komplexne[NI];

32 for (int k = 0; k < N; k++) { // Pre kaZdi frekvenciu k
33 float realnaCast = 0;
34 float imaginarnaCast = 0;

36 for (int n = 8; n < N; n++) { // SGet cez vietky Easové body n
37 float uhol = TWO_PI * k * n / N;

38 realnaCast += dataln] * cos(uhol); // Redlna cast DFT
39 imaginarnaCast -= dataln] * sin{uhol); // Imaginarna Cast DF

40 }

and connect this PCB to a Raspberry Pi. The
next step would involve recording audio data.
There are several possibilities: one is writing a
short program in Python, and another is writ-
ing a bash script using built-in bash functions
for recording sound. Simple sound processing
can be done on the Raspberry Pi again in Py-
thon or another language as needed. The goal
is not to use the Fourier transform from librar-
ies but to write their own code, which, although
is not as efficient as the Fast Fourier Trans-
form. This helps students better understand
the mathematical apparatus associated with
the Fourier transform. The implementation in
any language should not take more than 20 to
30 lines of code (Processing code, see Fig.2 ),
so it is not so difficult to realize. On the other
hand, students go through the entire process
of recording and processing audio signals.

Filtering or other modifications of audio data can
be performed using the inverse Fourier trans-
form. Initially, itis not so complicated to program
a low-pass or high-pass filter or smooth the au-
dio spectrum in the frequency domain. The goal
should be to better understand how these fil-
ters affect the resulting signal, even in this sim-
plest approach. This should all be done with an
emphasis on processing signals, which do not
necessarily have to be audio signals.

Another application could be investigating
standing waves on a string. In Physics 1 lab-
oratory exercises, there is an measurement

vysledok[k] = new Komplexne(realnaCast, imaginarnaCast); // UloZenie
/7 vysledku

}

return vysledok;

// Funkcia na uloZenie vysledkov DFT do s(boru
void ulozDFTVysledok(Komplexne[] vysledokDFT, String nazovSuboru) {
PrintWriter vystup = createWriter(nazovSuboru);

// UloZenie reélnej a imaginarnej Casti vysledkov DFT
for (int i = 0; i < vysledokDFT.length; i++) {
vystup.printin(vysledokDFT[i].realnaCast + ","

+ vysledokDFT[i].imaginarnaCast); // Zapisanie

// realnej a

// imaginarnej

// €asti do stboru

}

vystup. flush();
vystup.close();

}

// Pomocnd trieda na uloZenie komplexnych éisel
class Komplexne {

float realnaCast;

float imaginarnaCast;

Komplexne(float realna, float imaginarna) {
realnaCast = realna;
imaginarnaCast = imaginarna;
}
}

Fig.2
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on investigating standing waves on a string,
where a problem arises with higher harmon-
ic frequencies since the displacement on the
string is relatively small, making it difficult
for students to read or find the frequency at
which the string vibrates.

The proposed setup could be used in this
case to record the sound of the vibrating
string with subsequent data analysis. The
physical processing of the measurement and
understanding of the physics would proceed
as described in the scripts.

Further development possibilities of the task
include installing an operating system on an
SD card for the Raspberry Pi, working in the
Linux OS environment, debugging code, and
solving various interdisciplinary problems
which arises through completing task.

The problem could be trivial, hidden in the
code, or in a cold solder joint, and finding the
cause may not be easy. First, itis necessary to
identify in which part the problem is located
and then specifically solve it. In physics labs
at courses, problems that are not related to
physics are often solved, such as connecting
electronics, misunderstanding the mathe-
matical apparatus, misunderstanding electri-
cal or electronic connections, incorrect over-
all approach by the student, and negligence.
With a complex task like this, which involves
mathematics, programming, electronics, and
possibly physics, students should learn how
to approach and solve complex problems, fo-
cusing on the specific issue because any un-
resolved error in the initial stages can be very
difficult to solve later, is harder to identify, and
can affect further stages and overall progress
in development and understanding.
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Technologies subject or similar can make their
PCB by soldering MEMS microphones and con-
necting to a Raspberry Pi for data collection.
Students delve into audio signal processing,
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tering. This task can be extended to physics in
which the standing waves can be analyzed. This
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