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Abstract 
After years of providing an introductory mobile app development course for our undergraduate bachelor 
students in electrical engineering, during the Covid-19 outbreak and lockdown, we had to offer the same 
course as a remote e-learning course. It was our intention to cover all the topics of the standard course 
and to, somehow, carry out both the lectures and practical computer labs. While the lectures could be 
mostly performed as one-way, less-interactive remote learning, for computer labs we had to choose a 
solution allowing two-way interaction as well as mechanisms for students to present their current work. 

This paper describes the approach used for performing our course in remote learning mode. 
Synchronous lectures, as well as asynchronous recordings of those lectures, are shown as an example. 
Details and a list of useful tools used for remote two-way computer lab teaching are also given. Some 
remarks relating to (also online/remote learning) student exams are included, together with our 
subjective view related to the achieved students' results. In our opinion, it can be concluded that remote 
learning can be used for those kinds of courses, but, as it is presented in the paper, there were some 
time-related issues that resulted in some minor decrease of course scope, meaning that all the topics 
planned were not completely covered. 
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1 INTRODUCTION 
During the Covid-19 outbreak and lockdown, the lectures at our university were dominantly performed 
as online, remote e-learning courses. Occasionally, there were some lectures and practical labs that 
were held on-site as standard face-to-face lectures, usually with certain limitations and adapted to Covid-
19 epidemiology guidelines. It is clear that practical labs requiring specialized equipment cannot be 
performed remotely with the same scope and coverage and it can be concluded that replacing that kind 
of lecture with e-learning must influence the quality. However, there are some quite practical lectures, 
like the one described in this paper, that were successfully held remotely. This paper presents some 
remote learning experiences with our, skill-based, mobile application development course [1]. It will 
describe our approach used for both the lectures and computer labs, emphasizing two-way 
communication during the labs and exams, allowing the students to remotely present their mobile 
applications. Even though the results and overall remote learning experience with this course can be 
described as a success, it must be noted that some time-limitation issues resulted in minor changes to 
the course scope and some topics were skipped.  

The paper is organized as follows: after this introductory section, general information about the course 
is given, with remarks related to its remote e-learning performance. After that, technical details related 
to remote e-learning are presented, with a special remark about performing two-way communication 
during the labs and online exams. It is concluded that most of the students successfully managed to 
keep track of all the course topics and that obtained results (exams and resulting practical apps) were 
in fact not so different from those obtained in regular non-Covid conditions. 

2 COURSE DESCRIPTION 
An introductory mobile app development course for our undergraduate bachelor students in electrical 
engineering was held for years in standard form [1]. But, during the Covid-19 crisis, we had to offer the 
same course as a remote e-learning course. With some e-learning experience in other courses [2] that 
were already “transformed” because of Covid-19, we had the basic knowledge and were familiar with 
the standard tools that could be used – from Google Meet [3] for real-time synchronous lectures and 
labs, to Open Broadcast Studio (OBS) [4] to organize and record sessions for preparing asynchronous 
e-learning materials. Of course, standard learning management system (LMS) platforms such as Moodle 
[5] and Croatian “fork” of Moodle, Merlin [6], were used in order to communicate with students, distribute 

Proceedings of EDULEARN21 Conference 
5th-6th July 2021

ISBN: 978-84-09-31267-2
2948



 

 

learning materials and online resources – for instance, YouTube video lectures [7] recorded during the 
course. 

In the second year of their three-year undergraduate bachelor’s degree education, students of electrical 
engineering at our university can choose skill-based elective courses. One of the courses, described in 
[1] and discussed in its remote e-learning form in this paper is called “Mobile applications”. It should 
introduce mobile app development to our (usually, inexperienced) students and give them the basics of 
the Android application development. It is expected that students who pass the exam will be able to 
develop simple native Android app and apply it when solving some of their future professional problems.  

The course is credited with 3 ECTS points and it is organized as a skill-oriented course, with 30 hours 
of lecture lessons and 15 hours of computer labs. Most of the lectures and all labs are performed as 
practical as possible, using a standardized development environment. Currently, the official integrated 
development environment (IDE), Android Studio [8] is used to program and design the apps, using the 
preferred programming language, Kotlin. At the university, all desktop computers in the same lab (10-
15 workplaces) are, of course, equally equipped – using educational Windows 10 Professional licenses, 
Intel VT-X enabled CPU, 8 GB or more of RAM etc. Therefore, we could talk about a, more or less, 
unified development environment. In regular, “pre-Covid”, conditions one of our first goals is to make 
our students capable of using IDE as soon as possible – they become familiar with AVD Manager and 
Android Emulator [9] and able to create new emulated devices. Afterwards, they learn how to create a 
simple, no-coding, mobile application (a kind of “Hello world” example) and to deploy it on the virtual 
Android emulator device. 

2.1 Remote e-learning 
But, “the new normal”, Covid-19 conditions brought some changes in these default course setups. First 
of all, the lessons were held remotely, using live Google Meet sessions. In our case, synchronous 
lessons were recorded during the session and made available for asynchronous learning too (the 
concept was described in [2]).  

 
Figure 1. Adapted course flow 

More significant changes were related to computer labs – instead of using prepared and staff-
administered computers, students had to prepare their computers and configure the development 
environment on their own. Of course, every conscientious student would eventually prepare her own 
environment in regular lecture mode, too, but this Covid-19 model set an additional request – from the 
first lab further, IDE had to be available and properly set up on student PCs. In comparison to the original 
course flow presented in [1], an additional lab, marked as L00 was introduced. During that lab, students 
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had to independently setup prerequisites and configure the environment. Their efforts were additionally 
supported with live chat via and e-mail communication. The changed course flow is given in Fig. 1. 

As suggested in the introduction, there were some topics that were only partially discussed, skipping 
some details or less important facts (greyed flow rectangles on Fig. 1).  

3 TECHNICAL DETAILS 
As mentioned previously, standard tools for remote e-learning were used, including LMS, Google Meet 
as an online videoconferencing platform and additional utilities for preparing asynchronous content. All 
the tools and most of the ideas can be found in [2] and shall not be repeated here.  

Since it is all about skill-oriented courses, during both lectures and labs (Fig. 2), Android Studio IDE was 
used, accompanied with Android Emulator and prepared virtual devices. By that, resulting mobile 
applications could be shown on the shared screen as part of the online lectures – an example showing 
the usage of the emulator during the recorded lab introduction lesson is given in Fig. 3. 

 

 
Figure 2. Online lectures. Using Android Studio IDE during the lessons 

Each release of Android Studio and Android Emulator brings some new features that may help the 
programmers in their development process. With integrated location services, camera support and other 
functionalities, emulated devices can be used for extensive application testing and that was explained 
to the students. In the beginning, emulators were extremely slow and lacking important features, but 
that changed. Still, the virtual device (emulator) started on an average PC cannot overperform the real 
device. Therefore, prior to publishing the application, it is always a good suggestion to deploy it on a 
real device (or even better, more different devices).  

Using and testing the application on an actual device (phone, tablet or any other Android device 
connected to the developer computer, using a USB cable or wireless network) is the most realistic 
scenario. Connecting the device to the developer PC and deploying the app to that device was made 
so simple that students never had any issues with it in Android Studio. Additionally, it may be very 
fortunate for beginners or inexperienced students to finally see the result on their own devices!  
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Figure 3. Using Android emulator in lab introduction lesson 

3.1 Screen mirroring and real device control 
Android Studio IDE allows using different tools on both virtual and real devices (file explorer, memory 
and performance analysis, debugging etc.) and performing useful tasks. For example, one can take a 
screenshot of the device screen. But, when using real devices, especially in remote e-learning scenarios 
it would be very handy to have the ability to show the device screen as a part of the desktop user 
interface. That function is usually named screen sharing or screen mirroring. By having that feature, we 
could simply present behaviour of the developed app on the real device – when lecturing, the real device 
screen could be shown to the audience. Even more important for this course – it would allow the students 
to share the screen of their devices during computer labs, when taking the temporary role of presenter 
during Meet session. Unfortunately, that feature is not available in IDE – we can take screenshots or 
even record screen behaviour, but a direct display of the device screen is not possible. 

 
Figure 4. Using SCRCPY and Android emulator 

But, there are many third-party solutions which can be used. The one selected for this course and 
suggested to students as the best solution, not only for screen mirroring but for controlling the device 
from a desktop PC is SCRCPY [10]. It is a simple utility, free tool that uses Android Bridge (adb) to 
connect to device and implements screen mirroring and additional control of the selected device. It is a 
program that starts from command prompt, but with many powerful options. Fig.4 shows the working 
desktop environment while developing a sample application for this occasion, started in both the 
emulator (right positioned) and old Android device with activated SCRCPY (left positioned on Fig. 4). 

3.2 Computer labs and exams 
As already stated (with all the details available in [2]), our remote e-learning is organized so that lectures 
are performed using Google Meet videoconferencing sessions, synchronously, according to official 
timetable and schedules. In addition, the “one-way” part of the synchronous lectures is recorded and 
later published as asynchronous lectures on YouTube. On another hand, computer labs include a short 
(synchronous and asynchronous) video introduction, but the most important part of the labs is done by 
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students themselves. Both lectures and labs are covered with offline documentation, too (PDF textbooks 
or PowerPoint slides). 

Since the idea of a skills-oriented course as the one described here is to teach students the basics of 
mobile application development, it is expected that they are able to follow the instructions and present 
their results. The same applies both to computer labs and exams. 

For the computer labs in remote e-learning form, students were divided into smaller groups (up to 10 
students). All the students from each group had to connect to their dedicated Meet session. During the 
session, the educator was able to keep track of student activities and perform presentations if necessary, 
with or without voice communication and integrated chat. More important, Meet session allows each 
student to present their work when asked by the educator. While presenting, results (source code or 
XML files in Android Studio) are simply shared with the audience using the desktop sharing feature of 
Google Meet. But, as described in 3.1, using available tools every student can show exact results of 
their work – created applications can be deployed and shown on their emulated virtual devices, but also 
on their phones with screen mirroring, using SCRCPY. 

Similar to the labs, with even greater importance, exams require two-way, usually 1:1 communication 
with the student. For the course described, all the exams were accomplished in a remote, online form. 
Of course, classic written examinations in this form were transformed to tests with simple generic 
questions implemented in LMS, but it was never an idea to skip oral exams. Basically, written tests were 
used to exclude students who did not even try to prepare for their exam. Without a second thought, it 
was decided to conduct the oral exams with the same tools used in lectures. The only difference was 
that 1:1 Meet sessions were used – during the exam, the student had to present and show the results 
similarly as it was the case during computer labs. 

The evaluation results were not significantly different from those in pre-Covid years – percentages of 
students successfully finishing the course were within borders. From the lecturer’s point of view, the lack 
of direct face-to-face communication can be most certainly considered as the biggest drawback. As well 
as the necessity to transform lectures to be more appropriate for presenting on the remotely shared 
desktop instead of standard whiteboard. On the other hand, some situations may lead us to the 
conclusion that there was a positive impact making students more independent, since they had to 
configure and setup the development environment on their own at the early stages of the course.   

4 CONCLUSIONS 
“New normal”, Covid-19 conditions brought certain changes in the learning process. Our skills-oriented 
mobile application development course was completely performed using remote e-learning methods. 
The course included quite practical lecture lessons and computer labs and it was not clear how shall 
students react and respond to the new principles. Surprisingly, or not, performing the course remotely 
did not show any important drawbacks - neither did it point out some drastic lecture related issues, nor 
evaluation and results issues. 

As a matter of fact, the approach used during the course seemed to make students more independent 
and resourceful in the suggested development environment. From the lecturer’s perspective, a lack of 
face-to-face communication was expected to be the biggest problem of the Covid-19 learning form. It 
really is, but the evaluation and exam results let us conclude that it did not have such a severe impact 
– standard communication channels – e-mail, chat and communication during videoconference sessions 
obviously did the magic, as well as the students, attending synchronous and asynchronous lessons and 
studying the topics that interested them. 

For the sake of clarity, it must be stated that some topics or details of certain topics were left out of the 
lectures due to time limitations – but, the influence of that, slightly narrowed scope is not considered to 
be crucial or important. 
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