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AbstractÐThe rapid evolution of the Internet of Things (IoT)
has underscored the importance of comprehensive educational
strategies to impart IoT concepts and applications to a diverse
audience. Given IoT’s pervasive impact, there is hence a pressing
need for effective education in this area. Currently, there is a
significant gap between existing educational strategies for IoT
and the dynamic, engaging approaches needed to captivate a
diverse audience, particularly young learners. The challenge
lies in developing a methodology that not only educates but
also motivates students e.g., from Grade 2 to Grade 12. To
address this need, we developed an innovative, activity-based
educational framework, integrating interactive and immersive
learning methods, aimed at simplifying complex IoT concepts
with smart agricultural application in mind for early learners.
We outline this novel pedagogical approach, detailing how specific
IoT components are taught through targeted activities. The
paper should serve as a guide for educators to implement this
framework and encourage readers to recognize the importance
of adopting new teaching strategies for IoT. Through the imple-
mentation of this framework, exemplified in a case study of a
plant care game, we have observed an increased engagement and
understanding of IoT concepts among our target students. These
findings indicate the effectiveness of our approach in real-world
educational settings.

Index TermsÐInternet of Things (IoT), IoT Education, Smart
Agriculture, STEM Education

I. INTRODUCTION

The introduction of the Internet of Things (IoT) has rev-
olutionized various industries, prompting the need for com-
prehensive education on its concepts and applications [1, 2].
However, the current educational framework primarily caters
to undergraduate and advanced-level students, creating a no-
ticeable gap in elementary to high school levels. This gap
underscores the necessity of developing accessible and engag-
ing educational tools to introduce IoT principles to a wider
audience.

Recently, the extensive domain of IoT has expanded to
encompass diverse sectors, ranging from smart agriculture,
smart homes, smart cities, to wearable electronics. This broad-
ened reach has been facilitated by the interconnectedness
of a multitude of daily life objects [3, 4]. As IoT incor-
porates various complex concepts of computer science, the
development of IoT skills requires a foundation in software
development, hardware design, communication technologies,
computer networking, cloud computing, and web applications
[5, 6]. Expecting students to possess prior knowledge in all
these areas before delving into IoT training can be daunting

for some. To address this, a wealth of educational materials,
hands-on manuals, technologies, and tools are available for
implementing IoT projects, fostering specialized IoT learning
tailored to specific domains or applications. With the growing
integration of IoT systems in various industries, there is a
pressing need for a comprehensive and holistic design of IoT
courses, emphasizing the importance of introducing IoT edu-
cation at the school level. The scarcity of IoT education among
K-12 and below students is a significant concern, underscoring
the necessity of nurturing a foundational understanding of
IoT principles early on, equipping the future workforce with
essential technological skills.

To address the challenges in IoT education, including the
complexities arising from the integration of multiple inde-
pendent domains, we firmly believe that fostering student
engagement through interactive and immersive learning ap-
proaches can render IoT education more accessible and ef-
fective. Incorporating game-based or activity-based learning
methods not only simplifies intricate technological concepts
but also encourages critical thinking, problem-solving, and
collaborative skills development among students, making the
learning experience both engaging and enriching.

The contributions of this paper are two-fold. Firstly, it
introduces a game or activity-based method for IoT education,
emphasizing an interactive and practical learning approach.
Secondly, it demonstrates an IoT education system integrated
into plant care. This pioneering approach utilizes a gamified
system that not only enables students to grasp IoT principles
but also provides real-time data visualization, fostering a
hands-on experience in a familiar and engaging context. The
effectiveness of this methodology has been showcased through
various outreach activities coordinated by the Donald Danforth
Plant Science Center and Saint Louis University located in
Saint Louis, MO, underscoring its significant role in nurturing
early IoT education. Moreover, as part of these demonstrations,
a user-friendly, game-based or activity-based IoT framework
has been developed, which can be accessed via the following
GitHub link1.

The rest of this paper is organized as follows: Section II
outlines the related work, Section III discusses the proposed
IoT education methodology, Section IV presents the results
and discussion, and finally, Section V concludes the paper.

1https://github.com/Shakoor-Lab-Organization/learn_ioat









the plant’s growth and includes control buttons, levels, and
a scoring system for competition. This interface allows for
real-time interaction and feedback, making the activity both
engaging and educational.

B. Activity Evaluation

This implementation was showcased at multiple events,
hosted by the Donald Danforth Plant Science Center and
Saint Louis University in St. Louis, Missouri, USA. At these
events, we initiated discussions with simple questions: What
are the key factors to consider when caring for plants?
How does water intake impact a plant’s growth and health?
What are common challenges in plant maintenance? How
can technology automate plant care? Do you know what IoT
is? What role can IoT play in improving plant care and
monitoring? While these questions were not part of the main
activity, this initial engagement effectively sparked interest
and prepared the participants. It helped them understand the
context and relevance of IoT in practical applications, thereby
setting the stage for a more meaningful and insightful learning
experience.

C. Outreach Activities at Danforth Center (Audience: Mixed)

The Danforth Center hosts an annual outreach activity
organized by the Education Research and Outreach Lab6. Last
year, around 400 visitors participated in an event known as
PlanTech Jam7. In this mixed audience, the concept of IoT
was effectively conveyed through the game, even to non-
technological individuals. Even children as young as 2-3 years
old showed keen interest in playing the game and were curious
to learn about the effects of watering on the plant pots. Despite
the limited time, the students displayed a strong eagerness to
learn more about IoT.

D. Outreach Activities at Saint Louis University (Audience:

Grade 2)

We demonstrated the same game to Grade 2 students at
Saint Louis University’s iSCORE campaign8. In a group of ap-
proximately 10 students, we observed that the students quickly
became familiar with the game. They enjoyed interacting with
the buttons, watering the plant, and checking their scores. The
physical presence of sensors, actuators, processing devices,
and visualizations helped the students relate these components
to their basic understanding of IoT.

E. Outreach Activities at Saint Louis University (Audience:

Grade 4)

During another iSCORE camp session, we conducted an
engaging demonstration of the game for a group of ten
enthusiastic Grade 4 students. Already well-versed in plant
care requirements, the students eagerly observed the real-
time response of plant growth to varying soil moisture levels
and actively controlled the water pump using the interactive

6https://www.danforthcenter.org/our-work/education-outreach/
7https://www.danforthcenter.org/event/planttech-jam-2023/
8https://www.slu.edu/education/institutes/iscore/

buttons. The interactive demonstration piqued their curiosity,
prompting numerous inquiries about the underlying mecha-
nisms. With their existing familiarity with coding, the students
quickly grasped the intricacies of application logic and data
flow within the IoT system.

F. Discussion and Future Implications

Interpretation of the Results and their Implications for IoT

Education: The comprehensive evaluation of the activity-based
IoT education approach yields promising results that highlight
its suitability and effectiveness in diverse educational settings.
By fostering active student participation and providing an
immersive learning experience, this approach has the potential
to bridge the gap in IoT education. Analyzing the results
in the context of curriculum development and pedagogical
strategies reveals its transformative potential in enhancing stu-
dent engagement and understanding of complex technological
concepts. The successful implementation of activity-based IoT
learning approaches not only addresses educational disparities
but also contributes to the cultivation of a technologically
proficient and critically aware student populace, capable of
navigating the intricacies of the evolving IoT landscape.

Future Implications and Considerations: Moving forward,
careful consideration must be given to various factors such
as multiple IoT applications, different audience demographics,
varying class sizes, diverse populations, and the incorporation
of iterative feedback. As we look to the future of activity-based
IoT education, it’s crucial to develop a robust and flexible
framework that effectively adapts to the varying needs across
different educational settings. This framework should specif-
ically cater to the diverse learning requirements of students
in Grades 2 through 12, modeling activities to align with
their cognitive and skill levels. Moreover, conducting multiple
iterations of the activity-based approach in various educational
settings can provide valuable insights into the customization
and optimization of the methodology for different learning
environments. These future implications aim to create an
inclusive and comprehensive IoT education model that caters
to the diverse learning needs and requirements of students
across different educational institutions.

Limitations and Challenges: The implementation of
activity-based IoT learning approaches, while transformative,
encounters several challenges that need careful consideration.
These include technological constraints, such as ensuring
access to necessary hardware, software, and reliable Internet
connectivity, which are essential for a diverse range of stu-
dent skill levels. Integrating these IoT activities into existing
curricula poses another challenge, requiring alignment with
educational standards and a balance between the curriculum’s
learning objectives and the technological complexity of IoT.
Furthermore, the rapid evolution of IoT technologies demands
a dynamic and adaptable curriculum that stays abreast of
the latest advancements and industry trends. Addressing these
challenges, particularly ensuring consistent and high-quality
Internet access in areas with limited infrastructure, is critical



for the sustained effectiveness and relevance of activity-based
IoT education in modern educational contexts.

V. CONCLUSION

This paper presented an activity-based IoT education ap-
proach - a paradigm that fosters engaging and immersive learn-
ing experiences for students. By leveraging gamification and
interactive methodologies, this approach effectively bridges the
gap in IoT education, empowering students with the necessary
skills and knowledge to navigate the complexities of the digital
landscape. The successful implementation of this approach not
only cultivates a technologically proficient student populace
but also instills critical thinking and problem-solving abilities
vital for the evolving IoT domain. Despite the challenges
posed by technological constraints and curriculum integration,
the continual refinement and adaptation of this approach
holds the key to unlocking a comprehensive and inclusive
IoT education framework. As the realm of IoT continues to
evolve, the significance of innovative educational strategies
remains paramount in preparing students for the challenges
and opportunities of the digital future.
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