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Abstract—Teaching programming languages is a fundamental
component of electrical engineering education. However, it poses
very serious challenges, mostly associated with very different
backgrounds and motivation among students, as well as with its
strong dependence on the graphical presentation of topics and
on the student-teacher interaction.

In this paper we present the experience in the development
and operation of a web-based platform and a methodology to
support student interaction and assistance in classroom teaching
of programming languages in electrical engineering courses. The
developed platform allows the installation of highlighting, linting
and programming languages’ recognition tools. It uses software
modules adapted from Codiad and other tools.

Two example teaching modules are detailed. The first module
refers to teaching programming Web Interfaces in an “Applied
Information Systems” course, integrating an Electrical Engineer-
ing Master degree. The second module refers to the use of Matlab
for statistical analysis in a ”Maintenance and Quality Control”
course, integrating an Electrical Engineering Bachelor degree.
An experimental module for coding in Ladder via a graphical
web interface for teaching PLC programming, is also part of the
current development status.

In the near future, it is intended to expand the platform for
teaching programming for IoT, with support for the Arduino,
ESP32 and STM32 microcontrollers. Support for other specific
electrical engineering topics such as signal processing and DSP
hardware can also be integrated in the platform.

Index Terms—Programming languages, microcontrollers,
teaching platform, electrical engineering

I. INTRODUCTION

In electrical engineering education, programming is used in
a wide range of areas and applications. It is fundamental for
simulation, device firmware and system software. Applications
can be found in embedded systems, automation and industrial
communications, sensors and instrumentation, signal process-
ing and telecommunications, IoT devices and networks, and
power and energy components and systems. However, teaching
programming languages is a complex and challenging task,
often posing several difficulties. These difficulties exist at both
the methodology and technical levels.

On the one hand, there are often strong discrepancies
between students’ initial knowledge and skills. In a classroom

environment, this usually results in difficulties that arise from
simultaneously having students who are highly motivated and
quickly absorb knowledge and carry out practical experiences,
and therefore want more contents, and students who have
difficulty understanding syntax and quickly become discour-
aged if they are not supported at this early stage of learning.
This happens with all languages, as for example with C,
Matlab, Python and Web Programming, whether for embedded
systems, desktop, smartphone or web applications. On the
other hand, the technological conditions in the classroom,
such as graphical presentation and IT equipment, may be
limited and not flexible nor adequate to specific programming
environments.

Currently, there are several tools that allow online editing,
compilation and debugging of software programs, such as Oc-
tave Online [1] and Matlab Online [2], Codelabs, Visual Studio
Code for Web [3], among others. This illustrates the interest
in these tools and the versatility they offer. However, these
single-user or collaborative developing tools are generally not
focused on in-person or online interactive classroom teach-
ing. Additionally, using non-owned tools, leaves institutions
vulnerable to policy changes on free and paid software tools.

In this paper we present the experience in the development
and operation of a web-based platform and a methodology
to support student interaction and assistance in classroom
teaching of programming languages in electrical engineering
courses [4]. The developed platform allows the installation of
highlighting, linting and programming languages’ recognition
tools. It uses modules adapted from Codiad [5] and other
tools. The platform allows, for example, for the teacher to
introduce exercises and associate code to each exercise. The
teacher can further introduce an initial skeleton for the solution
and make the solution available in real time during the
class or deferred to another convenient time. This share is
automatically visible to all students enrolled in the class. The
students can, at any time, decide to use one of the available
options and start solving the proposed exercise from that point
on, with optional help that is available at each stage.
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II. TECHNOLOGY CONTEXT

Educational tools to support teaching and learning of tech-
nology topics can take several forms, including educational
web-based platforms, educational devices and game-based
educational applications. In the following sub-sections, these
three types are shortly presented and exemplified.

A. Educational web-based platforms

Web-based learning platforms deliver a helpful environment
for students, to independently solve science and technology
problems. An example is LoopAcademic [6], a web environ-
ment proposed for learning and teaching basic programming.
This environment, developed in CSS, HTML5, JavaScript
and other technologies, was designed based on the needs
of students who attend introductory programming subjects.
It uses a methodology that starts with selecting the web
development tools and finishes with the coding of the front-
end [6].

Another example, in the perspective of independent learning
through an online platform, is proposed in [7]. This platform
was constructed for rapid prototyping and experimenting with
software agents and to help programmers creating web-based
applications in a simple and controlled way. The implemented
data-flow and visual programming environment allows to
discover, gather and handle information available on the web.
It also permits an easy incorporation of software modules,
including modules that can be characterized by exhibiting an
autonomous intelligent behaviour.

Despite the success of the example tools just presented,
educational web-based platforms need further exploration,
leading to a more structured and supportive strategy, in order
to significantly improve learning results [8]. Though educators
and platforms can contribute to support the learning process,
the literature shows few cases in which educators can suc-
cessfully interact with the students in such environments [8].
The work presented in [8], provides empirical proof on the
success of applying a structured and supportive educational
strategy in autonomous web-based platforms, and settles that
learners have better performance in the class with this kind
of approach. Their results also emphasize the critical role of
educators in a web-based learning environment. An application
case of the mentioned strategy can be seen in the following
example. The authors in [9] describe the implementation of an
IoT remote laboratory in teaching microprocessor technology.
A monitoring device allows the instructor to supervise the
progress of the students’ microcontroller tasks, by sending
collected data to the teacher’s server. The IoT remote labora-
tory implementation shows that students’ tasks were improved
through the interactive classes.

The learning process can be facilitated when the basic
programming concepts are in the student’s native language.
PanScript [10], an open-source web-based platform, follows
this objective by allowing to collect and simplify (by translat-
ing tokens, error messages, and code samples) many text-based
programming languages, in a beginner and friendly web-based
programming platform.

B. Educational devices

Educational technology aims to improve specific compo-
nents of the teaching and learning process. It includes conven-
tional devices, such as, for instance, computers and overhead
projectors, as well as newer devices, such as, for example,
smart interactive multi-touch surfaces, Augmented Reality
(AR) devices, and task specific devices. Two demonstrative
examples of educational devices are presented next.

An original didactic device, called the Centrifugal Ring
Positioner (CRP), is presented in [11]. This tool helps to
illustrate various concepts on closed-loop control within mul-
tidisciplinary contexts. Allowing the visualization of control
principles, missing in some educational setups, and offering
the possibility of solving control problems with different levels
of complexity, the use of this device increases the students’
interest and curiosity.

AR for education is an emergent area of research and appli-
cation, typically used to aid in lectures, exercise classes and
laboratories [12]. The systematic review regarding AR and
engineering education in [12], shows that the academic per-
formance is increased in most of the revised studies. However,
it is also concluded that “there is plenty of room for the future
use of AR in engineering studies, but each engineering area
must identify adequate educational purposes”. An example
of AR for education is presented in [13]. The application
allows an interactive study of the space-state equations of a
series-connected Resistance–Inductor–Capacitor circuit and its
assembly in a virtual proto-board. It also permits the study
of the behaviour of Bidirectional Direct Current converters
when energy is exchanged between two systems. This tool
explores the valuable feedback from students and, compared
to traditional teaching, allows for better cognitive performance.

C. Game-based educational applications

Learning by playing educational games or solving amusing
problems has a big impact on students’ performance. That is
why gamification in education has become a focus of attention
in recent years. According to [14], “gamification is the practice
of using game design elements, game mechanics and game
thinking in non-game activities to motivate participants”. In a
systematic literature review in [15], a set of 53 examples of
educational game-based applications are identified, with differ-
ent approaches to evaluate their success. Three representative
cases are presented next.

In [16], the authors propose a game-based learning platform
to aid students learning cybersecurity, at their own pace, and
give them the chance to improve hacking skills with ethics,
in a safe environment. The platform was designed based on
an adaptation of the John Keller instructional and motivation
model (the ARCS) [17]. It includes a virtual laboratory with
the necessary tools for practice and a web portal where all
challenges and learning materials are hosted.

Code Factory, in [18], aims to be a friendly learning
environment, where students, without previous programming
knowledge, can explore basic programming concepts in a
clear, motivating way and according to their cognitive level.
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It consists of a platform-style game, where students can
control a virtual robot, overcoming several obstacles in a test
of reflexes and logical reasoning, having their first contact
with the logic of programming through a motivating and
constructivist approach.

With the Covid-19 pandemic, E-learning tools became
more relevant. A mixture of web-based platforms and game-
based applications, a project under the name of ”Framework
for Gamified Programming Education (FGPE)”, is presented
in [19]. This open-source and general-purpose tool (i.e., not
integrated with a particular course on a specific programming
language), with a significant assortment of gamification com-
ponents, can effectively support the organization of online
gamified programming courses.

III. TENDENCIES AND SIMILAR TOOLS

Today, teaching programming is moving to online either
through dedicated web platforms, or through courses on
YouTube, Udemy, etc. To learn to program is an intensive task
of training and re-training, where the intensity depends heavily
on the specific language and on the involved paradigm. Some
global tendencies and a set of tools similar to our proposal are
presented in this section.

A. Tendencies

Data Flow Programming (DFP) allows to conceive a pro-
gram by looking graphically the data flowing through a
series of transformations and operations. Successful examples
are LabVIEW from National Instruments, NodeRed, n8n.io,
Crosser, among many others [20].

To introduce programming to young students (kids), strate-
gies like Block Programming or Lego Programming have
been introduced. Examples are Scratch (from MIT), PictoBlox,
Snap, Hopscotch, Tyner, Beetle Blocks, among others [21].
PictoBlox is based on Scratch, connects to any hardware and
introduces AI programming for kids (see STEM Project Hub
for specific examples). Snap allows to use block and text
programming together. Hopscotch is designed for kids from
4 to 7. Tyner is a game-design platform created with the aim
of teaching kids how to code. Beetle Blocks is a visual code
for 3D design and fabrication - it prints to a 3D printer.

In text-based programming, some languages allow web-
based tools [22], while with others, it can be complex if
using hardware without TCP/IP connectivity. Multiple tools
specific for learning, like W3Schools [23], have linting and
correction support as standard in the development environ-
ment. Language specific tools are common. online-python.com
and Anaconda tools and Jupyter Notebook jupyter.org are
good examples for Python. Textual languages usually have
an online rapid development tool to accelerate learning.
Suggested AI-supported software patterns start to be seen
in some text-based development environments [24]. In Ed-
ucation and E-Learning, AI is expected to grow, not only
on evaluating student’s responses, but also on deciding a
personal and effective learning path for each student [25].
In the AI age, students need to know these five technologies:

Artificial Intelligence, Machine Learning, Deep Learning, Nat-
ural Language Processing and Computer Vision - normally, but
not only, Python-based [26]. CodeSandbox is an online code
editor and prototyping tool that makes learning, creating and
sharing Web Apps faster [22]. CodePen [22] is also another
good example among many others.

B. Similar tools

Big companies are now focused on web-based educa-
tional/professional tools, with excellent educational products.
An example is Tinkercad, with an online Arduino IDE for
programming, running and debugging software, hardware and
electrical circuits in a virtual simulator.

In this digital era, many companies and institutions are
developing platforms and tools for education. However, some
of these platforms and tools may be free in a first step
approach, but with a strategy of turning them paid in the
future. Thus, it can be expected that in the future educational
institutions will have to pay for the access to these products,
in a per-student fee basis.

Similar ideas to what we want conceptually accomplish,
can be found in learnprogramming.online, a paid tool, where
students have access to organized programming lessons. The
Web Interface (see example 01) can be seen in Fig. 1.

Fig. 1: learnprogramming’s Web Interface.

In Section IV we will present our experimental platform,
configured to teach PHP and Matlab using a web-based
approach. It is fully integrated in the teaching of two elec-
trical engineering courses. The current development, with the
successful addition of debugging capabilities and support for
other languages is also presented in Section V.

IV. WEB PLATFORM FOR TEACHING AND LEARNING

The Web Platform is split between a Web Code Editor and
the supporting content organized as classes, numbered from 1
to 15. Two courses are now using this method of teaching
support, Applied Information Systems - AIS and Mainte-
nance and Quality Control - MQC. In AIS students learn
to design a database for electrical engineering information.
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In terms of language, they learn PHP, because it is very
similar to C programming and given that C is part of the
students’ curriculum. In PHP programming, students learn to
work with forms and to create an API for transferring data
between embedded systems and a server. In MQC, students
learn maintenance theory, control quality tools, control charts,
quality control based on industrial computer vision software
and they use maintenance software, and reliability calculus.
Matlab is used as a supporting tool for calculations.

A. AIS - Applied Information Systems

Two main problems in teaching programming languages
come from: a) thinking about the organization of the code
itself, for students with technical know-how of the language,
and b), for students still in the previous step, where the
technical details are unknown or not yet learned, typically
they need basic exercises. In this second situation, b), it is
important for the teacher to be able to provide, as initial help,
a skeleton of the program for the exercise and, at a later
stage, the full code solution. Fig. 2 to Fig. 4 present some of
the example exercises for students in b), where basic syntax
exercises help to consolidate knowledge. In the Teacher View
mode, the teacher can write the exercise, in Portuguese or in
English (for Erasmus students), test a solution and record it in
private or public mode, as well as create the initial skeleton
and insert links to pages with more help information.

Fig. 2: Example exercise for students with language syntax
difficulties - Teacher View. Syntax to add strings.

Fig. 3: Example exercise for students with language syntax
difficulties - Teacher View. Syntax for loops.

Fig. 4: Example exercise for students with language syntax
difficulties - Teacher View. Syntax for HTML with PHP inside.

All students (case a) and case b)) can use the basis interface
(Web Editor - see Fig. 6). In this interface, in Student View,
they can edit a .conf file and configure PHP software packages
to be installed by the package manager, specify the folder
structure, setup ad-hoc download locations for other libraries,
for example javascript, and identify the application authors.
This file can be provided by the teacher in an exercise, thus
ensuring that all students share the same setup. With several
configuration files, the teacher can exemplify different code
organization structures (see Fig. 5) and thus allow students to
understand the positive aspects of each teacher’s proposal. The
code in Listing 1 shows an example of such a configuration
file. The teacher also provides two complementary PHP pro-
grams, ”setup.php” and ”setup clean.php”. The first reads the
configuration file and performs the indicated actions: creates
the folder structure and downloads software. The second
deletes downloaded software and empty folders.

Fig. 5: Program structure in an example exercise.

B. MQC - Maintenance and Quality Control

In the case of MQC, 9 lessons were created to teach the 7
quality control tools, control charts, and reliability calculations
using Matlab via a webpage. The interface is the same as
described in Section IV-A. However, it allows students to write
and run programs in Matlab. Fig. 6 and Fig. 7 present the
Student View for the set of lessons and an example exercise,
respectively. The benefit of this process leads the teaching to
be focused on the practical experimentation of the student,
without the need to install any computer tool.
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Listing 1: Configuration file composer.json

{"name": "inacio/trabalho",
"description": "Sistema via web",
"version": "0.0.1",
"time": "2021-11-05 21:00:00",
"type": "project",
"license": "MIT",
"authors": [{

"name": "Inácio Fonseca",
"email": "inacio@isec.pt",
"homepage": "http://www.isec.pt",
"role": "Developer"

}],
"support": {"email": "inacio@isec.pt"},
"app_download": [
{
"target": "public/fotos",
"files": {

"logo-isec.png":
"www.isec.pt/assets_isec/logo-isec.png"

},
"allow.htaccess": "BaseDir2All"

},{
"target": "third/jscss",
"files": {

"bulma.min.css":
"cdn.jsdelivr.net/npm/css/bulma.css",

"fontawesome.js":
"use.fontawesome.com/v5.15.4/js/all.js",

"fontawesome.css":
"use.fontawesome.com/v5.15.4/css/all.css"

},
"allow.htaccess": "Dir2All"

},{
"target": "third/webfonts",
"files": {

"fa-solid-900.woff2":
"use.fontawesome.com/fa-solid-900.woff2"
},
"allow.htaccess": "Dir2All"

}],
"app_folder_structure": [

"public/fotos",
"lib/templates/css",
"lib/templates/js",
"third/jscss",
"third/webfonts"

],
"require": {

"php": "ˆ8.0",
"symfony/process": "ˆ4.0",
"twig/twig": "v3.3.3",
"smarty/smarty": "v3.1.40",
"doctrine/orm": "2.10.2",
"nette/forms": "v3.1.5",
"phpmailer/phpmailer": "v6.5.3"

}}

As in case b) of section IV-A, the Student View allows
reading and recording the program, as well as accessing the
solution and the initial skeleton provided by the teacher.

V. CONCLUSIONS AND FUTURE WORK

The present system makes it possible to focus teaching on
the student, freeing the need for external use of software and
allowing the teacher to better organize lessons. The student
has no need to install any tool on his own computer and has
centralized access to all the contents.

Fig. 6: MQC: Student View with 9 lessons available.

Fig. 7: MQC: Student View with histogram chart example.

In both courses, AIS and MQC, it is possible to start the
courses immediately, without initial software installation and
tweaking. Students who may want to install the software on
their personal computers can do it outside the classroom, and
thus becoming autonomous in terms of Internet connection.
In the case of AIS they can further work collaboratively on
practical exercises outside the classroom (see example 2 or
example 3). The overall receptivity from the students has been
very good and we observed less dropouts and better average
classifications (to be further analysed).

The benefits of an engineering school developing its own
teaching and learning tools for specific applications are: a)
apply its own technical knowledge; b) maintain its pedagogical
autonomy; c) maintain its financial and operational indepen-
dence from platforms that may change policies in the future.

Tests are being carried out to introduce debug capabilities
in the Web Editor. This new functionality will use Code-OSS
(Visual Studio Code). It is now possible to debug programs
in PHP online (Fig. 8, Fig. 9). Adding debug in C and the
loading of the binaries on embedded systems is also being
implemented in this new version of the editor. Figure 10 shows
another experimental module to be added, consisting on a
specific editor for Ladder programming for PLC devices.
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Fig. 8: Code OSS via web, with debug extensions for PHP.

Fig. 9: Online PHP with step by step debug session.

Fig. 10: Experimental Web Ladder Editor - Proof of concept.
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