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Programming Concepts
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Programming is a major part of software engineering. There are many
programming languages, paradigms, frameworks and Integrated
development environment (IDE) software’s used to teach programming
concepts today. Access to personal computers or computer laboratories is
poor or non-existent for students in developing countries due to socio-
economic challenges. One useful resource is the growing availability of
cheaper Android mobile devices in developing countries. With the right
applications and editors, these mobile devices can be used to practically
teach programming with hands-on programming experience by students of
these developing countries. This article provides a comparative analysis of
Python Integrated Development Environments (IDEs) available for mobile
Android devices, focusing on their suitability for teaching programming
concepts. The evaluation is conducted on five popular Python IDEs tailored
for Android mobile devices. It provides a comprehensive comparison of five
popular mobile Python programming IDE applications. The comparison
covers their respective advantages and disadvantages, ease of use,
installation, features, performance, Central Processing Unit (CPU) and
Random-Access Memory (RAM) resources usage. The study highlights the
suitability of Pydroid 3 and QPython 3x/Ox for novice learners operating
resource-limited Android devices, whereas AIDE and Termux cater to
individuals with intermediate to advanced proficiency, particularly those
equipped with more powerful Android devices. This discernment serves as a
valuable resource for educators and learners alike, aiding them in making
informed decisions when choosing the optimal tool for imparting and
acquiring programming concepts through Python on Android mobile
platforms.

Keywords: IDEs, interpreter, Compiler, Python, Android, Pedagogical-
technologies.

is increasing

Software development
becoming popular amongst young people
interested in creating software applications.
Software is a part of everyday life, from
entertainment to professional productivity [1].
Educators all over the world are using several
resources on the internet to teach and tutor
students on how to write programs. The
traditional way of teaching programming in a
class is still a valid Pedagogy model when
there are available resources for the students
to practice and follow. Regrettably, this is not
the situation in numerous schools within
developing countries

CalJoST, 2024, 1, 35-44

As discussed by Oroma et al. [2], teaching
programming to novice students in
developing countries presents challenges
such as pedagogical approaches, insufficient
infrastructure, limited access to up-to-date or
state-of-the-art resources, untrained
educators, socioeconomic disparities,
unreliable electrical supply, variations in
students' educational backgrounds, and
financial limitations. Dasuki and Quaye [3]
observed that these challenges contribute to
subpar performance and high failure rates
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among students in computing
schooling in developing countries.

courses

However, a potential solution for the shortage
of technological resources, including laptops,
desktops, electricity, and workstations, can
be found in the widespread availability of
mobile devices, particularly Android
smartphones, in developing nations, notably
across Africa. The expulsion of cheaper
internet access and android mobile devices
from Asia has made access to these devices
possible for so many students in schools
within these developing countries as studies
by Poushter et al [4].

Mobile phones with internet access are
prevalent among students in universities and
secondary schools in Nigeria. As internet
access becomes increasingly affordable and
accessible to these students, there is
potential to utilize these mobile devices as an
alternative technology for teaching and
learning programming, even in schools
located in remote areas.

2. Related Works

An essential aspect of teaching and learning
software development among young people
is emphasizing on hands-on experiences in
building real-world applications, interactive
learning, and a learner-centric approach.
Machalik and Jahodovéa Berkova in 2017 [5]
found that the conventional approach to
teaching programming languages in
developed nations is often costly and
inaccessible to students in many developing
countries. However, many of these students
have access to modern mobile devices,
fuelling their interest in creating software
applications.

Waite and Sentence in 2021 [6]
demonstrated that regardless of the
instructional method employed by the
educator, hands-on practice and active

participation are the most effective means for
beginners to grasp programming concepts.
The use of Pedagogical technologies by an
educator to apply their logical knowledge and
the ability to apply it practically on the
computer for students to understand cannot
be understated. Practical teaching
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approaches like the Extreme Apprenticeship
proposed by Vihavainen et al. [7], emphasize
learning by doing together with continuous
feedback as the most efficient means for
learning. This shows that researchers and
lecturers have noted the importance of
situating students by linking what they have
been thought with practical executions of
real-world examples. Mobile devices are
considered by Chung et al. [8] as a practical
way of allowing students to acquire hands-on
experience, rather than being a medium to
only pass over information.

Prior research has also explored the use of
mobile devices to teach different
programming languages in an educational
setting, such as the concept of teaching
programming on mobile devices in the future
as proposed by Tillmann et al. [9]. Sakibayev
et al. [10] introduced the use of Android-
based mobile device as a programming
environment, though there's limited focus on
Python IDEs for low-end Android
smartphones in developing countries.

Furthermore, while studies like Werner [11]
emphasize the 'how' of mobile learning in
teaching programming, De Silva KK et al. [12]
proposed the use of Distributed Integrated
Development Environment for Mobile
Platforms (DIMP) to enable collaborative
programming on mobile phones or tablet
computers. This technology could be
beneficial in teaching and learning
environments where students have access to
Android phones with steady internet
resources as this technology consist of a
central server and a set of compilation
servers in the cloud.

Alanazi et al. [13] demonstrated through their
research that mobile devices equipped with
programming Integrated Development
Environment (IDE) applications positively
influence the learning experiences of Saudi
female students in programming subjects.
The study underscored the significant
effectiveness of integrating mobile devices to
enhance learners' comprehension and
engagement in programming.
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While various studies explore the benefits
and potential of utilizing mobile devices for
teaching programming, there remains a
noticeable gap in the literature regarding
comparative research on IDE applications.
Specifically, there is limited research focusing
on the needs of learners and educators
operating in environments with constrained
resources for education.

3. Methodology

In this study, the comparison covers their
respective advantages and disadvantages,
ease of use, installation,  features,
performance, Central Processing Unit (CPU)
and Random-Access Memory (RAM)
resources usage, educational suitability and
community or developer support. Each tool is
also scrutinized for its unique approach and
its potential to enhance the instruction of
programming concepts. We considered IDEs
such as Termux, Pydroid 3, QPydriod 3L,
Pyonic Python 3 Interpreter and AIDE for
Android OS Mobile devices. There are other
mobile IDEs in beta versions that are not
accessible and have a lot of bugs out there.
These five IDEs are popular, essentially free
and readily available for educational
purposes. However, some are not totally free
for advanced programming. An IDE like
PyCharm mobile is another example of a
robust Android Integrated Development
Environment (IDE). It comes in two desktop
editions: Community and Professional. The
Community edition, being an open-source
project, is free but offers fewer features. On

the other hand, the Professional edition,
available commercially, boasts an
exceptional array of tools and features.

Furthermore, the PyCharm IDE currently in
the android Google Play Store doesn’t
function and is not by developed by Jet-
Brains.

‘Memu Play’ was an emulator used to run all
the mobile Integrated Development
Environments (IDEs) on a computer system.
‘Simple Systems Monitor’ application was
used to test each mobile Integrated
Development Environments (IDEs) based on
its usage of mobile device RAM and CPU
resources. Ahdan et al. [14] demonstrated
that mobile device RAM and CPU resources
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are basically the most essential parts of the
performance of any mobile device which will
be accessible to students in developing
countries.

The Android mobile Integrated Development
Environments (IDEs) applications were tested
by running the same types of python
programs. For the purpose of this study the
factorial snippet was used to run a large
integer as 9,999. This gave the Simple
Systems Monitor application more time to
study the mobile device’s RAM and CPU

usage by the various android mobile
Integrated Development Environments
(IDEs).

3.1 Termux

Termux, as defined on the developers
website [15] is an Android terminal emulator
that works with no rooting or setup needed.
Termux offers a dark interface which is not
changeable and yet an added advantage in
saving mobile device battery energy and life.
This also adds less strain to eye-sight due to
the low light emission from the unchangeable
interface as observed by Eisfeld and
Kristallovich [16]. Its interface layout is similar
to a Linux terminal window, giving it a techy
feel. An example of Termux application
running in Figure 1. shows what it looks like
on a mobile device.

IDE
use

The Termux
application to
advantages [15]:

v' Secured access to remote servers is
ensured through the utilization of the
OpenSSH client.

v APl endpoints are readily accessible
through the use of the curl command.

v Installation via the APT package
management system presents a slightly
higher technical complexity.

v It boasts a portable Python console
enhanced by read-line capabilities.

v Termux provides robust support for
keyboard shortcuts and accommodates
mouse or stylus input.

v It extends its compatibility to other
programming languages, including
Ruby, Perl, and Node.js.

is a straight forward
with  the following
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Termux serves as a valuable IDE for
instructing fundamental and advanced
Python programming concepts, suitable for
both novice learners and university students,
once the initial installation challenge is
overcome.

w4027

E‘ND
B CTRL ALT - . PGDN
Figure 1. The Termux application interface for a
mobile device emulator
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Figure 2. Termux application: Total CPU Usage of

24.67% on average while running.
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USED 56309 M8
Figure 3. Termux application: Total RAM Usage of
563.09 megabytes from 5.82 gigabytes of RAM,
making 9.68% of total RAM usage while running

the same python snippet.

3.2 Pydroid 3

Pydroid 3 is an IDE for python 3. Pydroid 3
provides an integrated development
environment (IDE) for Python programming.
Students can write, run and edit python code
on Andriod mobile devices with low CPU and
RAM resources [17]. It has features such as
syntax highlighting, code prediction and
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debugging tools to enable smooth python
coding on any android mobile device.

Pydroid 3 IDE has the following key features
and properties;

v" Installation is simple and
minimal additional steps.

v" It enables the use of tkinter Graphical
User Interface (GUI) for creating
executable user interfaces on android
mobile devices.

v"Additional modules or libraries can be
easily integrated using 'pip install.'

v" Features auto indentation and code
analysis, similar to an integrated
development environment (IDE) on a
desktop or laptop computer.

v It mandates 200MB of free internal
memory, with an additional 20MB for
bulkier libraries when added.

v" Delivers outstanding debugging
capabilities, allowing students to
establish breakpoints, step through
code, and examine variables.

Overall, Pydroid 3 is a comprehensive tool for
students or anyone who wants to write, test,
and debug python code on their android
mobile devices. The file management
capacity is straight forward. Notably, it
possesses a streamlined set of features that
supports efficient and effective python
programming in any android mobile
environment with smartphones in mind.

requires

dE0

—  factoriapy*

Wt storage/omulated/0/python_Codea/factona py

num = int(input(‘enter a number: )
fac=1
while | <= num

fac=fac*i

I=i+1

print(*factorial of *, num, * is *, fac)

e T e T A T I I o G i e
Figure 4. Pydroid 3 IDE: Appealing mobile
interface, with a bottom tab for syntax.

Tab | | |
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Figure 5. Pydroid 3 IDE: The Total CPU Usage of
24.13% on average while running the test factorial
python snippet.

8o
= Simple System Monitor B
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USED: 674.67 MB

Figure 6. Termux application Total RAM Usage of
674.67 megabytes of 5.82 gigabytes of RAM
(11.59% of total available RAM) on running the
same python snippet.

3.3 QPython 3L

Also called QPython. QPython 3L is a fairly
new player in the android mobile device
python IDE arena and yet has millions of
users worldwide [18]. QPython is the Python
engine for android and still in Beta version. It
contains features such as, python interpreter,
runtime environment, editor and SL4A library.

There are two version of the QPython 3L IDE;
the QPython Ox and QPython 3x. The
QPython Ox is designed with younger
beginners in mind, as it offers a multitude of
user-friendly features that facilitate effortless
learning and comprehension. The QPython
3x is for much more matured and advanced
learners.

QPython 3L has some viable features such
as;
v" Streamlined interface for beginners to
easily access and learn python code.
v" Supports running different projects
such as console programs, SL4A
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programs, game development
programs and webapp programs.

v Utilises the QR code reader to
exchange codes with other Android
mobile devices.

v The -capacity to support scientific
libraries, such as numpy, scipy,
matplotlib and scikit-learn.

v' Easy to use editor for writing, editing
and displaying python code.

v QPython 3L has a very good
customer support and documentation
as it is still in its beta version.

Positive ratings on the Google Play Store
indicate that QPython 3L is a strong
competitor among popular mobile Python
IDEs. However, ongoing development and a
number of existing bugs are still noteworthy
aspects of this Python mobile IDE. Figure 7
illustrates the interface of the QPython 3L
mobile application.

8o

€  QEdit - factpria.py *

( , num, , fac)

< > > B Q » o B = =
Figure 7. QPydroid 3L: Android mobile device
interface with python snippet.

Simple System Monitor @

CPUUSAGE-CORES CPUUSAGE-TOTAL CPUFREQUENCIES CPUFREQUENCY TIMES  LOAD AVERAGE

Figure 8. QPython 3L: Total CPU Usage of
23.03% on average while running python snippet.
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USED: 566.14 MB
Figure 9. QPython 3L: Total RAM Usage of
566.14 megabytes of 5.82 gigabytes of RAM
which is 9.73% of total available RAM on running
the same python snippet.

3.4 Pyonic Python 3 Interpreter

The Pyonic Python 3 Interpreter is an IDE
because it has a functional graphical user
interface (GUI) for the Android mobile Python
Interpreter to code, test, and debug.
Interpreter integrated IDEs are lighter on
mobile CPU and RAM usage when running
programming snippets compared to Python
IDEs integrated with compiler capabilities,
which have a broader range of capabilities
[19]. The Pyonic Python 3 Interpreter has
earned a strong reputation, and it offers the
following key features:

v'  Offers compatibility with both Python
2 and Python 3 versions.

v" The Pyonic 3 Interpreter IDE’s
graphical user interface (GUI) is
developed using Python Kivy,
allowing inputs to be routed to a
secondary interpreter through Android
services, executed as a separate
process.

v" Introduces customizable button rows
(numbers, additional symbols, etc).

v" Provides support for a variety of file
types.

v’ Offers nearly
completion.

v" Encounters issues on certain Android
devices, including selected models
from Nexus, Sony Xperia, and
Samsung, where functionality may be
compromised.

precise code

The method used by Pyonic Python 3
Interpreter to run code is a bit crude. There is
the issue of poor support from many high-end
android mobile devices. These products are
not financially affordable for most students in
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developing countries. The compatibility issue
can be ignored. Figure 10. shows the Pyonic
Python 3 Interpreter android mobile device
interface. It's not different in display with
other powerful python IDEs. Nevertheless, it
has support for many python libraries that are
limited and difficult to integrate. It also has a
drawback of only supporting older versions of
the Android operating system.

Bo v.401013
Coding Python
Nothing change

RUN  MENU

Figure 10. Pyonic Python 3 Interpreter android
mobile device interface.

480

= simple System Monitor ™@

CPUUSAGE - CORES CPUUSAGE-TOTAL CPUFREQUENCIES CPUFREQUENCY TIMES LOAD AVERAGE

ees NGFRE..
Figure 11. Pyonic Python 3 Interpreter: Total CPU
Usage of 9.92% on average while running python
snippet used for evaluation.

Bo 4043

Simple System Monitor &

NCIES  CPUFREQUENCY TIMES ~ LOAD AVERAGE RAM  DISKACTIVITY ~APPSUSAGE (32) RUNNING SE|

USED: 489.74 MB
Figure 12. Pyonic Python 3 Interpreter: Total RAM
Usage of 489.74 megabytes of 5.82 gigabytes of
RAM (8.41% of total available RAM) on running
the same python snippet used for evaluation of the
CPU usage capacity.

3.5 AIDE (Android IDE)

AIDE refers to Android IDE (Android
Integrated Development Environment), which

© 2024 Faculty of Science, Sokoto State University, Sokoto. |40



Comparative Evaluation of Python Integrated Development Environments (IDEs) on...

is an integrated development environment for
Android app development. It is a powerful
tool for programming in many languages,
such as Java and C/C++. Bernard [20] has
demonstrated that AIDE has a diverse set of
tools to accommodate the entire development
lifecycle of an application, i.e., from writing
code, debugging to testing and deployment.

Some of the major features of AIDE are;

v" Code Editing and Autocompletion:
The syntax highlighting and code
completion greatly assist students in
writing clean code.

v Debugger: A debugger helps in
finding and fixing bugs.
v Version Control Integration: It

supports systems like Git, allowing
students to manage and track
changes effectively.

v AIDE has Performance Analysis tools
such as; Battery Usage Analysis,
CPU Profiling, Memory Profiling and
App Launch Time Analysis.

v' Sadly, AIDE is not easily available for
python. However, with some
technicality it can be integrated.

While AIDE offers great versatility, it does
demand significant resource utilization. It is
most suitable for students transitioning into
professional programming roles, particularly
those who seek to create functional Android
apps while on the move.

s — - — == = — == VAT
{ I# FACTORIAL > /

MyNativeExecutable  }

., Project Properties.
Add to Project
jni

(" | Factorial

Full paper

@ o

= simple System Monitor ™

CPUUSAGE-CORES CPUUSAGE-TOTAL CPUFREQUENCIES CPUFREQUENCY TIMES LOAD AVERAGE

[ s AVG FREQ: . ]
Figure 14. AIDE (Android IDE): Total CPU Usage
of 18.34% on average while running python
snippet used for evaluation.

= 1834%
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=  simple System Monitor (]

NCIES CPUFREQUENCY TIMES LOAD AVERAGE RAM DISKACTIVITY APPS USAGE (37) RUNNING SE

USED: 808.86 MB.
Figure 15. AIDE (Android IDE): Total RAM Usage
of 808.86 megabytes of 5.82 gigabytes of RAM
(13.90% of available total RAM) on running the
same python snippet used for evaluation of the
CPU usage capacity

TOTAL: 58268

4. Comparison of Python IDEs for
Android Devices

Table 1 provides a comparative analysis of
Python IDE applications for Android devices,
focusing on their RAM and CPU usage in
relation to the device's available resources.
It's important to note that the percentage
values may vary depending on the
processor's capacity and RAM size. CPU and
RAM utilization are critical factors for
ensuring a smooth experience when running
and learning Python programming on Android
mobile devices.

Figure 13. AIDE (Android IDE) mobile device
interface.
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Temnux|  Pydroid3] ~ QPython3L|  Pyonic Python3

(PUUssge |  2467H] 2413 B.0%h 892k

RAMUsage| SG300VB|  6746TMB|  566.14MB 49708

Table 1. Python IDEs comparison for five (5)
android applications

ADE Ancroid |
18365
861
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CPU Usage

AIDE (ANDROID IDE)
PYONICPYTHON 3
QPYTHON 3L
PYDROID 3

TERMUX

Python Programming IDEs for Android

0.00 5.00 10.00 15.00 20.00 25.00 30.00

Percentage of CPU Used to Run Test Code

Figure 16. A graphical comparison and
visualization of CPU usage across different Python
programming IDEs designed for Android mobile
devices.

RAM Usage

AIDE (ANDROIDIDE) [ ) 808 ssmb
489 74mb
QPYTHON 3L 566.14mb
PYDROID 3 674.67mb
TERMUX 563.09mb

200 400 600 800 1000

PYONIC PYTHON 3

Python Programming IDEs for Android

o

Megabytes of RAM Used to Run Test Code

Figure 17. A graphical comparison and
visualization of RAM usage across different
Python programming IDEs designed for Android
mobile devices.

AIDE (Android IDE) distinguishes itself by its
requirement for higher RAM resource (see
Figure 17) compared to most mobile IDEs,
albeit offering a trade-off with lower CPU
utilization (see Figure 16). While RAM
capacity remains a crucial consideration,
users with devices featuring 1GB of RAM
may need to close concurrent applications to
ensure a seamless experience with the AIDE
application. An important feature is AIDE's
compatibility with Java and C++ coding,
positioning it as an essential tool for students
embarking on a broader spectrum of
programming languages.

The users of Pyonic Python 3 will experience
notably efficient CPU usage, with a relatively
modest RAM footprint. However, the
application's drawback lies in limited bug
support, as its core functions as an
interpreter with a Python Kivy GUI for coding,
testing, and debugging, making it a limited
IDE. Extending library support may pose

CaJoST, 2024, 1, 35-44

A. A. Kadams
technical challenges and might not
encompass a wide range of Python

programming modules as explained in [19].
Additionally, the limited device support of
Pyonic Python 3 may hinder its adoption
among students seeking a versatile learning
platform.

QPython 3L, while emerging as a relatively
new entrant, and still in its beta version, has
garnered a substantial global user base [18].
It exhibits a higher CPU utilization rate, but
with a proportionately lower RAM demand.
An inherent advantage is its dual version
availability—QPython 3x and QPython Ox—
making it adaptable to students at varying
skill levels. The QPython Ox version, in
particular, serves as an accessible entry point
for beginners, including those transitioning
from unrelated fields of study.

Pydroid 3 emerges as a robust Python
programming IDE, empowering students to
write, run, and edit Python code. This
functionality, however, comes at the expense
of relatively elevated CPU and RAM
consumption, as depicted in Figure 16.
Nevertheless, Pydroid 3 offers significant
benefits, such as auto indentation, robust
debugging capabilities, and proficient code
prediction. The inclusion of pygame module
and tkinter GUI support further encourages
students to build interactive python
programmed applications and games with
event-driven functionality.

Contrastingly, Termux exhibits the highest
CPU utilization, offset by a moderate RAM
requirement, as highlighted in Figure 16. It's
noteworthy that Termux is not accessible via
the Google app store and necessitates
downloading and installation from the
developer's website. The technicalities
associated with its installation set it apart
from other Android IDE applications. An
attractive feature is its compatibility with a
range of programming languages, including
Ruby, Perl, and Node.js."

This revised passage provides a more
structured and academically oriented
presentation of the information.
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5. Conclusion

The domain of Python Mobile Integrated
Development Environments (IDEs) offers a
diverse array of options tailored to various
user needs, especially those who require
mobility. Understanding the nuances and
implications of these tools is crucial,
particularly in the context of students in
developing countries grappling with
intermittent electricity supply.

For students in resource-constrained
settings, Pydroid 3 and QPython 3x/Ox
emerge as commendable options at the
foundational level. These applications feature
straightforward user interfaces and moderate
CPU and RAM requirements. Additionally,
extensive developer support enhances their
suitability for novice users.

Conversely, AIDE and Termux gravitate
toward the intermittent or advanced learners.
Their robust functionalities and capabilities
are better harnessed by those well-versed in
the intricacies of Python programming,
especially in environments with stable power
sources.

Pyonic Python 3 Interpreter assumes a
distinctive role by accommodating only a
limited selection of Python libraries, which
can be arduous to install. It serves as a viable
platform for composing concise Python
snippets and facilitating print style debugging,
albeit its scope is relatively narrower.

In conclusion, it is pertinent to underscore the
potential for further comparative research.
Exploring the collaborative capabilities of
these IDEs among students and a closer
assessment of the non-functional
requirements, such as security, usability, and
performance. This would contribute to a more
comprehensive understanding of the overall
suitability of these IDEs in diverse
educational contexts.

While this study primarily focused on the
general use, features, CPU and RAM
resource usage, and educational suitability
trends of five popular Android Python IDEs
for mobile devices, there is room for further
exploration. Future research endeavors could

CaJoST, 2024, 1, 35-44

Full paper

delve into the collaborative capabilities of
these Python IDEs, particularly in fostering
collaboration, version control, sharing, and
synchronization = among  students and
educators. This qualitative investigation aims
to gather insights directly from educators and
students, shedding light on the non-functional

requirements of each application. By
providing  firsthand experiences, this
additional research would offer a holistic

perspective for informed decision-making
when selecting a Python IDE for Android
mobile devices in teaching, learning, and
collaborative contexts.
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