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ABSTRACT

The proliferation of internet access and portable computing devices
has created unprecedented opportunities for integrating technology
into education. Among the diverse tools available for mobile-based
course development, MIT App Inventor—developed by researchers
at the Massachusetts Institute of Technology (MIT)—stands out as
an accessible platform for content creation, particularly for educators
without technical expertise. This article explores how MIT App Inventor
can enhance Technological Pedagogical Content Knowledge (TPACK)
by bridging the gap between technology and pedagogy. Specifically,
it highlights the tool’s utility in designing and implementing health-
related educational courses, demonstrating its potential to empower
non-technical educators in creating customized learning applications.
By simplifying app development through a visual, block-based interface,
MIT App Inventor enables educators to focus on pedagogical goals
rather than coding complexities, making it a valuable asset for modern,

technology-enhanced learning environments.
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Introduction

Mobile devices, including phones
and tablets, are the most common digital
technologies. While desktop and laptop
ownership is declining, mobile technology
usage is rapidly expanding. The evidence
indicates that mobile phone and tablet use is
increasing among all age groups, including
children, adolescents, and adults (1-3).

The swift growth of new-generation
mobile devices and the frequent use of
wireless technology have highlighted the
substantial learning potential of mobile
devices, making them practical tools for
education (4). The emergence of mobile
technology has not only introduced
innovative interpersonal communication but

has also given rise to a new learning model
known as mobile learning or m-learning.
Mobile learning supports distance education,
facilitated by mobile devices with wireless
technologies. Mobile learning technology
represents an evolving model and process that
demands new forms of teaching, learning,
content, and dynamic interactions among
stakeholders. Mobile learning technologies
provide educators and students with a more
flexible approach to learning. Mobile devices
have more excellent capabilities in creating
and personalizing learning resources,
allowing students to use computing and
communication technologies for information
access anywhere and anytime (1).

The evolution of mobile applications
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has been significant, with advancements in
software, service platforms, and capabilities.
Today, mobile apps are sophisticated, feature-
rich, and integral to daily, professional, and
educational activities. This new era has
seen the rise of mobile apps as an essential
tool, driven by advancements in technology
and software platforms (5). Integrating
applications into education has brought
significant benefits, especially in the field of
health sciences. Educational apps support
intelligent and systematic learning, providing
well-organized information to enhance
students’ engagement. Incorporating apps
into education gives students a safe space
to interact with mobile technology while
learning, fostering a dynamic learning
environment. These apps offer advantages for
both teachers and parents, enabling teachers
to utilize them in the classroom effectively.
In the medical education sector, there is
a growing demand for interdisciplinary
subjects to be integrated into the curriculum,
highlighting the need for innovative
educational approaches. The development of
educational applications involves a strategic
process that leverages technologies to create
engaging and effective learning tools (6).
However, creating educational or medical
apps with advanced functionalities demands
technical expertise, which can be challenging
for non-technical users like medical
educators (7). Teachers also need a variety
of knowledge, including technology-based
knowledge. For this purpose, they can benefit
significantly from acquiring knowledge about
TPACK (Technological Pedagogical Content
Knowledge), a framework that emphasizes
integrating technology into teaching practices.
TPACK comprises three main components:
o Technological Knowledge (TK):
This component focuses on teachers’
understanding of how specific technologies
can impact teaching and learning processes.
e Pedagogical Knowledge (PK): It
pertains to teachers’ expertise in instructional
methods and strategies for -effectively
delivering content to students.
e Content Knowledge (CK): This
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component refers to teachers’ deep
understanding of the subject matter they teach.

By combining these three components,
teachers can enhance their teaching practices
by effectively integrating technology into
their lessons to improve student learning
outcomes. Understanding TPACK provides
educators with a structured approach to
leverage technology in the classroom for
more engaging and effective teaching (8, 9).
This paper introduces App Inventor as an
accessible tool to simplify the development
of mobile apps for intelligent learning
experiences (Figure 1).
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Figure 1: Integrated Technological Pedagogical
Content Knowledge (9).

MIT App Inventor Tool

MIT App Inventor is a mobile application
development tool that enables individuals
without deep programming knowledge to
create interactive and practical Android
applications. Developed by a group of
researchers at the Massachusetts Institute of
Technology (MIT), the MIT App Inventor’s
primary goal is to facilitate mobile application
development through a block-based approach.
Key features of this platform include being
free, providing access to program source
code (open source), hardware and software
independence  (platform-neutral), and
accessible learning (simplicity and no need
for deep programming skills) (7) (Figure 2).
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Figure 2: Key features of MIT app inventor (7).
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Figure 3: Block-based programming; a puzzle-style drag-and-drop tool (7).

Features and Key Characteristics of MIT
App Inventor Tool

e Visual Programming: MIT App Inventor
utilizes visual programming, providing pre-
built and ready-to-use commands in various
geometric shapes and colors. Users can define
the logic and functionality of their programs
by dragging and dropping these shapes,
combining them like a puzzle to implement
their ideas (Figure 3).

e Live Preview and State Analysis:
MIT App Inventor allows users to test their
applications in real-time on Android devices
or Android emulators during the development
process (Figure 4).

e Component Library: MIT App Inventor
is equipped with a library of components and
various tools that users can utilize to create
diverse features based on their application’s
needs. This library includes Ul design
tools such as buttons, lists, layouts, images,
videos, etc.

o Integration with Distributed Services:
By leveraging various components and
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features, users can create applications that
communicate with online services, such as
databases, web services, and other internet-
based services.

e Education and Documentation: MIT
App Inventor offers rich educational resources
to assist users in becoming familiar with the
concepts and development methodologies for
creating applications using this tool.

e User Community: MIT App Inventor has
an online community where users can share
their experiences, projects, and questions.

MIT App Inventor Features in Alignment
with TPACK Challenges

The TPACK model underscores the
importance of aligning technology with
content and pedagogical knowledge in
education. It presents challenges such as rapid
technological changes, inappropriate software
design, learning context issues, and a focus
on “what” rather than “how.” The MIT App
Inventor, a mobile and tablet-based platform,
is proposed to address these challenges.
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Figure 4: The possibility of live testing in App Inventor (7).

It boasts simplicity, easy learning,
adaptability, customization options, platform
neutrality, open-source availability, and cost-
effectiveness.

Teachers can easily create educational
applications using MIT App Inventor’s
visual programming and library tools,
fostering direct interaction with students. By
developing these applications, students gain
skills in analysis, critical thinking, and active
participation in learning and knowledge
production. The platform enhances practical
experience, encouraging genuine student
interaction, creativity, critical thinking, and
computational skills.

Evidence from MIT App
Implementation in Education
App Inventor has been used in various
contexts. The results of some of these studies
are stated below:
In a study conducted by Dunand, the

Inventor
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MIT App Inventor was employed to design
a training course for learners aged 13 to 18
on the principles of visual accessibility. A
new feature in this tool, specifically the recent
addition that enabled the users to modify
the size of text and images, was evaluated
regarding its impact on improving student
learning (10).

leveraging the visual capabilities of
MIT App Inventor and the ease of quickly
transforming ideas into outputs in a study
carried out by Hsu and colleagues, the tool was
utilized for teaching applications of artificial
intelligence (11). Students in this study
had to learn how to develop a smartphone
application using MIT App Inventor to detect
and translate control cards into machine
movements. Given that MIT App Inventor
has incorporated functions related to machine
learning and packaged complex processes into
modules, users can focus on using machine
learning technology to address specific issues
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for individuals or groups. Several studies
indicate the effectiveness of using this tool
in learning artificial intelligence concepts and
its practical understanding (11, 12).

In another study by Hsu and colleagues,
MIT App Inventor was used to design a
collaborative programming environment for
educational purposes. A real-time collaborative
environment was created, allowing learners to
develop a programming project collectively
using MIT App Inventor (12).

Zhou and colleagues employed MIT App
Inventor to design a machine learning course
in image processing. Using the mobile phone
camera, relevant images were introduced into
the mobile phone for training and testing, and
students developed a block-based program to
identify images based on machine learning
principles (13).

In another study, a mobile application
development project for health information
technology was designed using MIT App
Inventor. Mobile health and treatment
applications were introduced to enhance
students’ understanding of health information
technology and the role of information
technology applications in healthcare. Analysis
of the students’ feedback indicated the
effectiveness of the tool’s simplicity, real-time
experimentation, and ease of use in teaching
students without programming skills (14).

According to the analysis of a recent survey
of RUSE University students over three
consecutive years (2016- 2018), involving 73
students (11 females and 62 males), MIT App
Inventor was introduced as the most suitable
tool for providing effective technology-
integrated education at the undergraduate
and postgraduate levels, considering its
features such as ease of project production,
powerful media utilization, and standardized
output presentation (15). In some research,
MIT App Inventor was utilized for teaching
programming in a summer school for high
school students in the field of computer
science. The key reasons for using this tool
were the ease of block programming and
the acceleration of learners’ achievement
of program implementation results. Results
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showed that using this tool significantly
enhanced students’ self-efficacy (16).

Furthermore, a survey conducted from
2013 to 2014 among 40 students enrolled in
an Android development course indicated that
practicing with MIT App Inventor was not
only highly positive for beginners but also
beneficial for more advanced individuals.
Studies have demonstrated that this tool can
support advanced computational concepts in
teaching (17).

Using MIT App Inventor to design
specialized educational courses significantly
reduces errors resulting from the perception
of technology experts and course subject
matter specialists. It significantly contributes
to familiarizing subject matter specialists
(teachers) with how to use technology in
course production. This tool provides the
necessary infrastructure for interaction
between technology experts and subject
matter specialists. Considering that perceptual
errors in healthcare can impact patient health,
a study was conducted to develop a healthcare
application in pharmacy. MIT App Inventor,
with its features of accessible design, ease
of experimentation, and standard output
production, facilitated active interactions
between the information technology and
pharmacy groups, substantially reducing
perceptual errors and enabling learning for
both groups (18).

Implementation of TPACK-Based Educational
Scenarios with MIT App Inventor

According to the TPACK model, each
learning activity falls into one of the following
seven categories (19):

® Attention Activity: In this method,
students are required to find information on
topics they are not familiar with.

e FExercise Activity: In this section,
methods are suggested for practicing the
skills and algorithms they have learned.

e Interpretation Activity: This section
introduces methods for a complete
understanding of formulas and concepts,
emphasizing the importance of finding
connections between concepts.
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Table 1: Implementation of Learning Process-Related Scenarios in MIT App Inventor
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® Production Activity: This section
outlines methods to empower students not
only as consumers of ready-made content
but also as contributors who can teach new
concepts and materials themselves.

e Application Activity: This section
presents techniques for connecting learned
concepts and a real-world problem that
technology can address.

e Evaluation Activity: This section
discusses methods for evaluating a task, such
as evaluating one>s work or assessing another
persoms work. This approach helps students
better understand the concepts.

e Creation Activity: This section discusses
how individuals are actively engaged with
course concepts and methods for generating
ideas.

Table 1 provides a summary of activities,
skills, and scenarios related to the learning
process and how to implement them in MIT
App Inventor.

Conclusion

Utilizing MIT App Inventor in the
education process can enhance interaction
and adaptability and foster critical thinking
and calculation skills. Key advantages of this
platform include its user-friendly interface
for building Android applications, being free
and open-source, and supporting a broad
range of capabilities such as multimedia
components and connectivity to web
services. Additionally, it boasts a large and
active community of users and developers
dedicated to solving problems and providing
assistance.

Nevertheless, the platform has some
drawbacks that the support team actively
addresses. These include limited platform
support, currently available only for Android
devices, and challenges in checking and
testing production applications. The learning
curve may also be relatively steep, particularly
for those without programming experience.
Despite these disadvantages, ongoing efforts
are being made to overcome these limitations,
ensuring continuous improvement in program
development.

114

Acknowledgment
None to declare.

Authors” Contribution

All authors (DR and FM) were major
contributors to writing the manuscript.
DR and FM provided writing and critical
revisions. All authors finally approved the
manuscript.

Conflict of Interest
The authors declare no conflict of interest.

Funding/Support
Not Applicable.

References

1 Albastroiu I, Felea M. Mobile Learning
in higher education: a survey among the
students of the Bucharest University of
Economic Studies. The 12™ International
Scientific Conference eLearning and
Software for Education (eLSE); 2016 April
21-22; Bucharest, Romania. Bucharest,
Romania: “Carol 1” National Defence
University Publishing House; 2016.
doi:10.12753/2066-026 X-16-085.

2 Lutze R, Waldhor K. A smartwatch software
architecture for health hazard handling for
elderly people. Proceedings of the 2015
International conference on healthcare
informatics; 2015 October 21-23; Dallas,
TX, USA. NW Washington, DC, United
States: IEEE; 2015. doi:1109/ICHI.2015.50.

3 Bernacki ML, Greene JA, Crompton
H. Mobile technology, learning, and
achievement: Advances in understanding
and measuring the role of mobile
technology in education. Contemp
Educ Psychol. 2020;60. doi: 10.1016/].
cedpsych.2019.101827.

4 Pereira OR, Rodrigues JJ. Survey and
analysis of current mobile learning
applications and technologies. ACM
Comput Surv CSUR. 2013;46(2):1-35. doi:
10.1145/2543581.2543594.

5 Phongtraychack A, Dolgaya D. Evolution
of mobile applications. MATEC Web
Conf. 2018;155:01027. doi: 10.1051/

Interdiscip J Virtual Learn Med Sci 2024, Vol. 15, No. 1



Rezaei D et al.

MIT App Inventor: A Tool for enhancing TPACK

10

11

12

matecconf/201815501027.

Lankarani KB, Honarvar B, Faghihi
SA, Haghighi MRR, Sadati AK, Rafiei
F, Hosseini SA, Bordbari AH, Ziace A,
Pooriesa MJ. Demanded interdisciplinary
subjects for integration in medical education
program from the point of view of graduated
medical physicians and senior medical
students: a nationwide mixed qualitative-
quantitative study from Iran. BMC Med
Educ. 2024;24(1):125. doi: 10.1186/512909-
024-05079-w. PubMed PMID: 38326809,
PubMed Central PMCID: PMC10851448.
Ruiz-Rube I, Mota JM, Person T, Corral
JMR, Dodero JM. Block-Based Development
of Mobile Learning Experiences for
the Internet of Things. Sensors (Basel).
2019;19(24):5467. doi: 10.3390/519245467.
PubMed PMID: 31835869; PubMed Central
PMCID: PMC6960931.

Sierra AAJ, Iglesias JMO, Cabero-
Almenara J, Palacios-Rodriguez A.
Development of the teacher’s technological
pedagogical content knowledge (TPACK)
from the Lesson Study: A systematic
review. Front Educ. 2023;8. doi:10.3389/
feduc.2023.1078913.

Mishra P, Koehler MJ. Technological
pedagogical content knowledge: A
framework for teacher knowledge. Teach
Coll Rec. 2006;108(6):1017-54. doi:10.111
1/.1467-9620.2006.006.

Dunand M. Developing Visual Accessibility
Options to Empower Grade School Students
in Designing Inclusive Mobile Applications.
Massachusetts Institute of Technology; 2021.
Available from: https:/appinventor.mit.edu/
assets/files/DunandMEngThesis.pdf.

Hsu TC, Abelson H, Lao N, Tseng YH,
Lin YT. Behavioral-pattern exploration and
development of an instructional tool for
young children to learn AI. Comput Educ
Artif Intell. 2021;2:100012. doi:10.1016/;.
caeai.2021.100012.

Hsu TC, Abelson H, Patton E, Chen SC,
Chang HN. Self-efficacy and behavior
patterns of learners using a real-time
collaboration system developed for group
programming. Int J Comput-Support Collab

Interdiscip J Virtual Learn Med Sci 2024, Vol. 15, No. 1

13

14

15

16

17

18

19

Learn. 2021;1-24. doi: 10.1007/s11412-
021-09357-3. PubMed PMID: 35002570;
PubMed Central PMCID: PMC8720167.
Zhou A, Kim D, Abelson H. Learning
And Using Image Classifiers By Creating
Real Mobile Applications. Valencia, Spain:
IATED; 2023. p. 3834-41. doi: 10.21125/
inted.2023.1023.

Zhang C. Healthcare mobile app
development with app inventor in a health
IT course. Proceedings of the 17th Annual
Conference of the Southern Association
for Information System; 2014 March 21st—
22nd; Macon, GA, USA. Washington, USA:
SAIS 2014 Proceedings; 2014.

Georgiev TS. Students’ viewpoint about
using MIT app inventor in education.
In: 2019 42nd International Convention
on Information and Communication
Technology,  Electronics  and
Microelectronics (MIPRO); 2019 May
20-24; Opatija, Croatia. New York: IEEE;
2019. doi:10.23919/MIPRO.2019.8756671.
Clarke-Midura J, Sun C, Pantic K. Making
apps: an approach to recruiting youth to
computer science. ACM Trans Comput
Educ TOCE. 2020;20(4):1-23. doi:
10.1145/3425710.

Soares A, Martin NL. Teaching non-
beginner programmers with app inventor:
Survey results and implications. Inf Syst
Educ J. 2015;13(5):24.

MacKellar B, Leibfried M. Designing
and building mobile pharmacy apps in a
healthcare IT course. Proceedings of the
14th annual ACM SIGITE conference on
Information Technology education; 2013
October 10-12; Orlando, Florida, USA.
New York, United States: Association
for Computing Machinery;2013. doi:
10.1145/2512276.2512304.

Harris J, Hofer M. Instructional planning
activity types as vehicles for curriculum-
based TPACK development. In: Liu L,
Gibson DC, Maddux CD, editors. Research
Highlights in Technology and Teacher
Education. USA: Society for Information
Technology and Teacher Education; 2009;
P. 99-108.

115



