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Abstract—Internet of Things (IoT) is rapidly emerging as the
next generation of communication infrastructure, where myriad
of multi-scale sensors and devices are seamlessly blended for
ubiquitous computing and communication. The rapid growth
of IoT applications has increased the demand for experienced
professionals in the area. Since few, if any, dedicated IoT courses
are currently offered, most Science, Technology, Engineering, and
Mathematics (STEM) students will have limited or no exposure
to IoT development until after graduation and entrance into the
workforce. Moreover, there is a little room for adding additional
courses into existing STEM curriculum. Therefore, we propose to
transform STEM core courses by integrating IoT-based learning
framework into their corresponding lab projects.

The design challenges of the new learning framework is
summarized in the paper. Subsequently, we propose the effective
learning approaches to address those challenges. Moreover, in
this paper, we present a case study by incorporating IoT-based
learning framework into a Software Engineering (SWE) embed-
ded system analysis & design course. Specifically, we introduce a
lab development kit composed of Raspberry Pi/Arduino boards
and a set of sensors with Zigbee supporting to provide wireless
communication in the class lab section. We adopt module design
method to design the course labware. Well-developed modules
are presented and one sample module is illustrated in the paper.
The labware is evaluated through survey questions. The majority
of the students provided positive feedback and enjoyed the IoT-
based lab development kit.

I. INTRODUCTION

Internet-of-Things (IoT) has emerged as a new network
paradigm, which allows physical entities (such as chairs,
lamps, and briefcases, etc.) and/or physical phenomenon (such
as temperature, heart rate, and moving action, etc.) to com-
municate with each other. Eventually, the collected data and
fused information are connected to the Internet, to provide
opportunities to build smart/intelligent systems and applica-
tions. Additionally, many modern technologies and devices
such as Radio-Frequency Identification (RFID), Near Field
Communication (NFC) (i.e., Zigbee and Bluetooth), Wireless
Sensor Network (WSN), cloud computing, social networks,
universal mobile accessibility advanced technologies (i.e., Wi-
Fi hotspots, and cellular network), and big data analytics sup-

port IoT to compose a next generation network infrastructure
[1].

The ubiquity of IoT has expanded greatly in the last two
years, and a June 2015 McKinsey Global Institute report
estimates it will have a 3.9 − 11.1 trillion dollar potential
impact across just nine sectors of industry by 2025 [2].
These industries correlate closely with current rapidly growing
sectors for software developers, such as health care, manu-
facturing, retail, and urban planning. The McKinsey report
also notes that IoT development will lead to “a rising demand
for vertical expertise to help companies in specific industries
incorporate IoT technology”. Higher demand in these areas
infers an increased need for qualified software developers, but
current STEM undergraduate curricula offer little exposure to
IoT concepts and practices.

IoT has not yet become part of Compute Science (CS)
or SWE curricula, and certainly not in the broader STEM
fields. Due to the lack of STEM curricula in IoT and because
there is a little room for adding additional courses into
existing STEM curricula, we propose to transform STEM
curricula by integrating IoT-based learning framework into the
various courses with lab projects - using the new learning
framework as a campus-wide shared resource. The goal is
that students can understand IoT fundamentals and gain hands-
on programming experience in a variety of technology-driven
courses. To facilitate the learning framework to be easily
integrated by different related courses in STEM curricula,
we adopt a modular-based design to develop the labware for
each course. Each module has multiple learning levels, which
includes lecture notes on foundational and emerging topics,
tutorials, review questions, hands-on laboratory practices with
real-world application, and semi-constructed projects utilizing
inexpensive, portable, and energy-efficient equipment.

This paper presents our initial effort on dealing with the
challenges about the learning approach and designing method
of the IoT-based learning framework. In this paper, we also
describe the experience to integrate the pilot modules of the
designed labware into Embedded System Analysis & Design
course. The teaching material are evaluated through survey



questions and interviewing students. The majority of students
surveyed/interviewed provided positive feedback and enjoyed
the IoT-based lab development kit.

The rest of this paper is organized as follows: in Section II,
we mentioned the challenges to design the learning framework
and the learning approach for IoT education. In Section III,
we introduce the technologies involved in implementing the
IoT-based learning framework. In Section IV, we describe the
pilot modules which applied in Embedded System Analysis &
Design course. The evaluation of the labware is discussed in
Section V. In Section VI, we review some related works on
IoT education. Finally, the paper is concluded in Section VII.

II. IOT-BASED LEARNING FRAMEWORK

In this section, we first summarize the challenges to design
the IoT-based learning framework and then propose effective
learning approaches to overcome the aforementioned chal-
lenges.

A. Design Challenges

A new paradigm of learning in Science, Technology, En-
gineering, and Mathematics (STEM) is learning by doing.
Responding to President Obama’s call for a nationwide Com-
puter Science for All Initiative [3], we propose to establish
a laboratory-based learning framework to educate the next
generation of students who are equipped with technology
skills. The long-term goal of this project is to provide a cross-
campus technology infrastructure or framework that supports
teaching STEM-related course, and transform the way we
teach these course using emerging computing technologies
to the 21st Century undergraduate. The framework is an
environment for teaching computing concepts and theories
using hands-on, problem solving, and pedagogy which prepare
and enhance student learning experience. The challenges to
design such a framework is summarized as follows:

1) How to accommodating emerging computing technolo-
gies into this framework?

The purpose of this framework is to prepare students for the
21st Century industry. Hence, seamlessly integrate emerging
computing technologies into this framework is important.

2) How to supplementing teaching materials in applied
STEM fields through applying this framework?

The authors are from Computer Science and Software En-
gineering departments. As we know, there is a little room for
adding additional courses into existing CS/SWE curriculum.
Hence, how to supplement teaching materials without adding
new courses in another challenge?

3) How to improving students’ hand-on experience and
increase the opportunities to collaborate among STEM related
fields?

The goal of this project to prepare our undergraduates with
technological skill. Moreover, all kind of industries in different
fields are closely interweaved with each other. Hence, a good
framework should consider to solve this challenge.

4) How to promote undergraduate students in research
through applying this framework?

Kennesaw State University (KSU) changed its status to com-
prehensive university in August 2013 [4] and was classified
as an “R3” institution — a doctoral research institution with
moderate research activity, in February, 2016 [5]. Research is
an important component to educate next generation.

5) How to cultivating students interesting in learning and
keep student retention in STEM related field?

Lots of under-representative groups chose STEM related
fields in early stage, but finally quit the program [7]. How
to improve student’ self-efficacy and retention is a critical
challenge needed to be address.

6) How to broadening participation in STEM related fields?
Ethnic and gender inequities and under-representation in

STEM related fields, and, more so in computing field, in the
national workforce is profound [6], [7]. We definitely need to
address this challenge.

B. Proposed Framework and Learning Approaches

To address these challenges, we propose to set up an
instrumentation laboratory which supporting the new learning
framework. The features of this novel learning framework are
summarized as follows:

1) Integrating Internet-of-Things (IoT) to establish the
learning framework:

The IoT-based learning framework is a collection of com-
municative, integrated computing devices and instruments for
mapping abstract concepts and theories taught in classrooms,
or while teaching, into practical, hands-on experiential knowl-
edge.

The internet, as a massive telecommunication infrastructure,
currently supports a plethora of computing and sensory device
capable of signaling or communicating with each other. When
properly programmed, these devices can be used to test and
validate theories and abstract concepts. The logical behaviors
and data which such devices communicate with, or share,
could be used to validate correctness of the underlying course
concepts, models, or theories. Because of this capability, we
adopt IoT to accommodate emerging computing technologies
into the learning framework. In sum, the integration of latest
hardware and software allows students to learn the emerging
technology, and to be well-trained for the urgent industry
needs.

2) Integrate the learning framework into different STEM-
related courses by adopting a modular-based design ap-
proach:

Each module will have multiple learning levels. The mod-
ular design gives instructors the flexibility to adopt the full
course or to integrate selected modules, e.g., course related
projects, based on their specific needs. Each module will
include lecture notes, tutorials, review questions, hands-on
laboratory practices, and assignments. All learning materials
will be available online.

3) Developing a series of
interdisciplinary hands-on projects associated with each
module:



The importance of Experience-based/hands-on learning has
long been recognized in the learning theory literature [8].
In each module, we develop hands-on materials specifically
for the module learning objectives. Since the targets of this
learning framework is related STEM courses, interdisciplinary
projects should be designed by working with STEM-faculty
across campus. In addition, to make the learning more ef-
fective, all hands-on practices are implemented in a IoT-
based lab development kit, which is composed of low-powered
electronic devices Raspberry Pi/Arduino boards and integrate
with a set of sensor nodes with Zigbee supporting to provide
wireless communication capability. The low cost and high
portable properties make the lab development kit possible to
offer lab intensive course in resource limited institutions either
lacking of faculty expertise or lab maintenance/initiation bud-
gets. Moreover, the lab development kit provides Graph User
Interface (GUI)-based Integrated Development Environment
(IDE), and huge of online tutorials/forums, which shorten
students learning curve and facilitate projects development,
debugging and testing.

4) The framework is scalable and capability of
problem-solving activities in STEM research:

Through the well-designed problem-solving activities in
each module, the students can get familiar with the process
of conducting research, which includes developing a research
project; conducting a literature review; investigating appro-
priate methods and tools to implement the research project;
making oral presentation of the application of the research
project; and writing technique manuscript of the research
findings.

5) Various modules are augmented with
project-oriented technology-driven contents from STEM
related fields:

For each module, we propose to develop a series of semi-
conducted programming projects associated with the tech-
nology introduced in this module. This learning-by-doing
pedagogy will promote students life-time long learning skills.
It will allow students not only practice pre-designed hands-
on labs, but also have opportunities to design and invent their
own applications.

6) The framework adopt team-based approach. Various
modules are augmented with real life application from STEM
related fields:

The studies found that students want to understand more
real-life applicability within CS. Varma [9] also found that
students desire relevance from their studies. Moreover, stu-
dents, especially women, look for creativity in their studies
[10] of which CS is not perceived to have much [11]. Other
factors dissuading more women from studying CS consist of
the negative image of CS. Females want to work with people,
are opposed to sitting behind a computer all day, and think
they dislike programming despite never trying it [6].

Hence, we propose team-based approach which let students
work with people. Moreover, the real-world projects provide
students with the opportunity to apply the knowledge and
skills acquired in their courses to a specific practical problem;

extend their academic experience into working with new ideas
and learning new advanced technologies; demonstrate their
proficiency in written and oral communication skills; extend
and refine their knowledge and skill in the realization of their
personal and professional goals.

III. IOT-BASED LEARNING FRAMEWORK OVERVIEW

In this section, the technologies used to develop the new
learning framework are summarized first. Subsequently, we
describe the proposed framework architecture.

A. Technologies Overview

1) Internet of Things
Internet of Things (IoT) has emerged as a new network

paradigm, which allows various physical entities in the world
to connect with each other. The observed or generated in-
formation of these entities have a great potential to pro-
vide useful knowledge across different service domains, such
as building management, energy-saving systems, surveillance
services, smart homes, smart cities, etc. [1]. One founda-
tional technology of IoT is the Radio-Frequency IDentifi-
cation (RFID) technology, which allows microchips trans-
mit the identification number of the objects to a reader
through wireless communication. Through RFID technology,
the physical objects can be identified, tracked, and monitored
automatically. Nowadays, RFID technology has been widely
adopted in logistics, pharmaceutical production, retailing, and
supply chain management [12], [13]. Another foundational
technology of IoT is Wireless Sensor Networks (WSNs),
which adopt interconnected intelligent sensors to periodically
sense the monitored environment and send the information
to the sink (or base station), at which the gathered/collected
information can be further processed for end-user queries
[14]. The applications include disaster control, environment
and habitat monitoring, battlefield surveillance, traffic control,
and health care applications [15]. Additionally, many other
technologies and devices such as Near Field Communication
(NFC) [16], short-range wireless communication (i.e., ZigBee
[17] and Bluetooth [18]), universal mobile accessibility (i.e.,
Wi-Fi hotspots [19], and cellular networks [20]), social net-
working [21] and cloud computing [22] support internet of
things to compose a extensive network infrastructure.

2) Raspberry Pi/Arduino Boards
Arduino is an incredibly flexible open micro-controller and

development environment which is easy to use. Arduino was
first launched in 2005, which is based on a board with a single
micro-controller, and input/output pins for communications
and control of physical objects and the environment. The
functionality to connect and control physical objects directly
relates to internet of things. Hence Arduino gained popularity
in short time because of the simplicity to use and cheap price
in basic model. Different boards with various capabilities have
been developed since 2005, such as UNO, Mega, Leonardo,
Minim Due, Yun, etc [23].

Raspberry Pi is a series of credit-card-sized single board
computers developed in the United Kingdom by the Raspberry



Pi Foundation with the intent to promote the teaching of basic
computer science in schools and developing countries. All
models feature a Broadcom system on a chip (SOC) which
include an ARM compatible CPU and an on chip graphics
processing unit GPU [24].

Raspberry Pi/Arduino boards have been chosen to imple-
ment the lab development kit, because they are low-powered,
low cost electronic devices and provides GUI-based IDE,
and huge of online tutorials/forums. In addition, Raspberry
Pi/Arduino boards offers enough capacity and functionalities
with its availability of myriad of third party components.

3) Web 2.0
Web 2.0 is a term to describe the second generation of

World Wide Web (WWW), which emphasizes the ability
for people to collaborate and share information online [25].
Web 2.0 services include video hosting services, wikis, blogs,
social networking, and resource sharing environments (such as
Flickr).

Every system uses resources. These resources can be pic-
tures, video files, Web pages, business information, or any-
thing that can be represented in a computer-based system.
A resource can consist of other resources. While designing
a system, the first thing to do is identify the resources and
determine how they are related to each other. Once we have
identified our resources, the next thing we need is to find a
way to represent these resources in our system. In Web 2.0,
there are two formats to represent the resources, eXtensible
Markup Language (XML) and JavaScript Object Notation
(JSON). XML is a meta-language that can be used to define
our communication language, while JSON is a lightweight
alternative to XML format. JSON is a collection of key/value
pairs, which belong to a subset of the object literal notation
of JavaScript. Since these key/value pair structures can be
adopted in any programming language, JSON is independent
of the programming language used when exchanging data.

4) Google Cloud Web Services
Private cloud web service is needed to handle back-end

requests from Raspberry Pi/Arduino boards and mobile ap-
plication. Google App Engine will be used to implement the
framework backend, which will accept POST requests from
the Raspberry Pi/Arduino boards and store the data in the
cloud. The web service will also provide GET requests which
will return the sensing data in JSON format, which will be
used to display the retrieved data in the mobile application.
In addition, for energy efficient design, we adopt master-slave
communication architecture, in which the slave nodes only
responsible for collecting data and send data to master nodes,
while mater nodes take the responsibilities of calculation and
storing data to the cloud server. The architecture and the flow
of data of the cloud web service is illustrated in Fig. 1.

5) REST and RESTFul APIs
Representational State Transfer (REST) is an architectural

style that specifies constraints, such as the uniform interface,
for networked hyper-media applications. It is primarily used
to build Web services that are lightweight, maintainable, and
scalable. When Web services use REST architecture, they are

Fig. 1. Google Cloud Web Service Architecture.

called RESTful APIs (Application Programming Interfaces).
REST is not dependent on any protocol, but almost every
RESTful service uses Hypertext Transfer Protocol (HTTP) as
its underlying protocol. In sum, RESTful systems typically,
but not always, communicate over the HTTP with the same
HTTP verbs (GET, POST, PUT, DELETE, etc.) used by web
browsers to retrieve web pages and send data to remote servers.

Every system has resources. The purpose of a service is to
provide a window to its clients so that they can access these
resources. REST does not put a restriction on the format of a
representation of resource. Moreover, RESTFul API does not
require the client to know anything about the structure of the
API. Rather, the server needs to provide whatever information
the client needs to interact with the service. For example,
the server specifies the location of the resource, and the
required fields. The browser doesn’t know in advance where to
submit the information, and it doesn’t know in advance what
information to submit. Both forms of information are entirely
supplied by the server. Hence, RESTFul APIs is now popular
in implementing web services and mobile Apps.

6) Other Technologies
Some other technologies, such as location-based services,

big data analysis and visualization, social networking, robotics
management, security and protection are important compo-
nents to implement the learning framework. Moreover, dif-
ferent STEM fields may have different technologies need to
be integrated into the learning framework implementation.

B. Framework Architecture

To illustrate, we discuss a practical example, IoT-based lab-
oratory development kit for designing an activity, the students
could participate in to gain hands-on experiential knowledge,
maintain their interest levels, and are aimed towards the



STEM-workforce. As shown in Fig. 2, an RFID reader can
automatically read each devices identification and passes the
ID data to the Arduino ATmega32u4 microcontroller. The
integrated sensors can continuously collect physical data. The
students can write a program to periodically cause the data
to be sent to a Cloud server using, for example, an open-
source ThingSpeak data platform. The program then passes
the sensory data along with the timestamp to the Atheros
R9331 microcontroller through a bridge (API) library [26].
Finally the bridge library issues an HTTP POST request to the
ThingSpeak API [27] along with the device-ID. ThingSpeak
uses a concept of “channels”, where each channel can be
configured with different labels to hold different kinds of data.
In Fig. 2 two channels are shown. The USER channel can hold
user information, while the SCAN channel holds sensing data.

For advanced IoT applications, an Android application can
be developed to allow administrators or other interested users
to monitor the collected data and view the results on a mobile
device. The overview of the Android architecture is also
illustrated in Fig. 2. Fig. 3 depicts a typical Arduino Yun lab
development kit with RFID sensor and pressure sensor. These
devices are inexpensive, yet they can offer incredible platforms
for developing STEM-related projects as students are prepared
for the workforce.

Fig. 2. IoT-based Learning Framework Architecture.

IV. THE EMBEDDED SYSTEM COURSE LABWARE

To applying the proposed learning framework, we developed
the labware for Embedded System Analysis & Design Course,
which is a collection of self-contained modules that pro-
vide necessary concept introduction and hands-on laboratory
exercises on embedded system. These modules emphasize
the balance between theoretical foundations and technical
practices of embedded system design and development. The
labware contains eleven modules which can be divided to
two categories: eight fundamental modules and three advanced
modules. The fundamental modules cover the basic concepts
of embedded system, while the advanced modules focus on
important trends of modern embedded system. Each module

Fig. 3. Arduino Yun Lab Development Kit.

includes pre-lab activities (concept introduction and lab prepa-
ration), hands-on lab activities, and post-lab activities (review
questions, assignments, and case studies).

In this section, we briefly present each module and then
show an example module to illustrate the design.

A. Lab Modules

The modules are designed based on the ACM Computer
Science Curricula 2013 [28] and the authors’ teaching experi-
ence on embedded system courses. All module will follow the
same pattern of design. Fig. 4 summarized the eleven modules
designed for embedded system course and how the modules
contents mapping to ACM Computer Science Curricula 2013
topics. The detailed description of each module are presented
as follows:

Fig. 4. Lab Modules of Embedded System Course.

Fundamental Modules of Embedded System:
Module 1: Introduction to Embedded System
This module introduces embedded systems categories and

application, embedded system constraints and features, em-
bedded systems hardware and software co-design, software
cross-compiling, debugging, testing, and integrating. Students
will get started with embedded software development tools and
IoT-based lab development kit for developing real embedded
systems.



Module 2: Embedded Software Development Life Cycle
The software engineering analysis and design methodolo-

gies for embedded systems are emphasized in this module. The
time constraint static and dynamic analysis with Root-Mean-
Square (RMS) and Earliest-Deadline-First (EDF), the behavior
analysis and modeling tools (Context Diagram, Data Flow
Diagram (DFD), Finite State Machine (FSM), State Chart),
and the embedded software design patterns are discussed in
depth. An analysis and design lab on a traffic light control
embedded system will be provided.

Module 3: Micro-controller Interrupts
This module is designed for Computer Science and Software

Engineering students since it is hardware oriented. It focuses
on CPU, registers, memory, and I/O port components of micro-
controllers. I/O interrupt requests and their Interrupt Service
Routine (ISR) such as timers are discussed. The hands-on labs
for regular I/O port processing and timer interrupts will be
provided.

Module 4: Real Time Operating System (RTOS)
This module introduces the concepts of multitasking and

inter-task communication, multitasking scheduling including
round-robin scheduling and priority based scheduling. The
RTOS labs including counter, traffic control system, tempera-
ture control system. Students will learn hands-on experience
on the real time operating system and build their RTOS based
embedded applications.

Module 5: Embedded System Programming
Embedded system programming is covered in this mod-

ule including embedded modular programming, programming
with CPU Register, memory access, I/O read/write, reentrant
and Interrupt Service Routines(ISR). This module is designed
for all computing majors. Interrupt programming labs for
external edging based and level based triggers, and counter
based events will be provided.

Module 6: Peripherals of Embedded System
Embedded systems have their specific interfaces such

as keypad, buttons, switches, sensors, smart touch screen,
Analog-to-Digital and Digital-to-Analog converters for input
interfaces and LCDs, LEDs, stepper motors, and many other
actuators for outputs. This module will discuss these I/O
devices and their device drivers.

Module 7: Serial Communication of Embedded Systems
This module introduces the main elements in serial com-

munication such as Data Communications Equipment (DCE),
and Data Terminal Equipment (DTE), synchronous and asyn-
chronous data communication, software and hardware hand-
shaking in serial communication, and RS-232 communication
protocol. It will also discuss serial I/O ports, Universal Asyn-
chronous Receiver/Trasnmitter (UART), and many other issues
in serial communication. Labs of Serial communication with
PC and modems will be provided.

Module 8: Embedded Software Testing
Embedded software testing is an important phase in em-

bedded Software Development Life Cycle (SDLC). Time
constraint requirement testing, multitasking testing, integration
and acceptance testing, requirement verification and system

validation will be covered. Testing tools will also be intro-
duced.

Advanced Modules of Embedded System:
Module 9: Embedded Web Technology
This module introduces embedded systems for web appli-

cations including Embedded TCP/IP stack, Web enable em-
bedded systems, embedded mini-web server. The web enable
embedded system development without commercial operating
system support is covered. Labs of a mini web server and web
enabled alarm clock will be provided.

Module 10: Wireless Embedded System
This module introduces the technologies of Radio Fre-

quency (RF), infrared, and Bluetooth, in wireless communi-
cation and IEEE standards such as long range 802.11b (also
known as Wi-Fi), short range 802.11a for higher bandwidth
and high volume multiple users connection (multimedia con-
tent), long range and high volume 802.11g, and the short
range, temporary networking connection oriented inexpensive
Bluetooth wireless options. Wireless embedded application
labs with Raspberry Pi/Arduino boards will be provided.

Module 11: Embedded System Security and Protection
This module introduces key security properties (Confiden-

tiality, Integrity, and Availability), concepts of risk, threats,
vulnerabilities, attack vectors, authentication and authoriza-
tion, access control, and trust and trustworthiness. Explain the
features and limitation of embedded operating system used to
provide protection. The labs are provided to carry out system
administration tasks according to a security policy.

Module 1 to Module 8 have been well developed and
evaluated in KSU Embedded System Analysis & Design
course in Spring 2016. Module 9 to Module 11 are under
intensive development and will be integrated into courses for
evaluation soon. More modules will be designed in the future
to address different aspects of IoT for all STEM related fields.

B. Example Module

In this section, we show an example module to illustrate the
learning approach and the designed labware. Fig. 5 shows our
design of the Module 1: Introduction to Embedded Systems.
Module 1 aims at providing students fundamental concepts
of embedded systems. The module first provides the pre-
lab activities that include introduction slides, C/C++ language
review, and the basic steps to set up IoT-based lab development
kit. The lab activities provide a couple of hands-on projects,
which try to let students familiar with Raspberry Pi IDE, and
run codes on Raspberry Pi devices. The post-lab activities
include case studies, review questions, and semi-conducted
real-world application projects.

C. Integrate the IoT-based Learning Framework into other
CS/SWE Courses

Since we adopt a modular design for the learning frame-
work, the learning materials can be easily integrated by
different core courses in CS/SWE curriculum. Some sample
modules developed recently are shown as follows:



Fig. 5. The Design of Introduction to Embedded Systems Module.

1) Computer Architecture and Robotics (CS3510): CPU
and memory of microcontroller, interrupt, peripherals of
embedded systems, serial communication, and robotics
control programming;

2) Computer Network (CS4622): flow control, congestion
avoidance, wireless communication through WiFi or
bluetooth, and client-server communication;

3) Cloud Computing (CS4524): scheduling, multi-tasking,
real-time system, and store data in clouds;

4) Data Mining (CS4412): mining real-time collected data
by applying different algorithms, such as decision
trees, k-means algorithms, support vector machines, the
Expectation-Maximization (EM) algorithms, k-nearest
neighbor (KNN) algorithms, regression trees, bayesian
networks, Neuron Networks, etc.

5) Software Engineering (SWE4724): semi-constructed
projects;

6) Capstone Project (CS4850): semi-constructed projects.
The hardware resource needed to teach these modules is

minimized due to the portable lab platforms associated with
the online lab materials. The real hands-on labs are guided by
step-by-step document/videos. Supported by these multimedia
lab guidelines, students can conduct the labs anywhere anytime
using the low-power portable tiny microcontroller platforms.
They can run labs, do assignments, complete projects without
restriction from the class and lab schedule and lab space
requirement. This learning-by-doing pedagogy will promote
students life-time long learning skills.

V. COURSE EXPERIENCE AND STUDENT EVALUATION

As part of this study, we analyzed learning outcomes and
student opinions for applying the Raspberry Pi-based lab
development kit into a 3000-level undergraduate embedded
systems analysis & design course at Kennesaw State Uni-
versity in Spring 2016. The course utilized Raspberry Pi
Model B+ devices in early assignments and projects for
approximately one-half of a semester to introduce basic em-
bedded systems concepts, practices, programming, and testing.

Later, the course transitioned to a more traditional, primitive
embedded micro controller. In this case, the course used the
Toolstick Uni micro controller, which based on an Intel MCS-
51 (commonly known as the 8051) architecture and produced
as a classroom kit by Silicon Laboratories.

Fig. 6. Student affinity for Raspberry Pi-based lab development kit in an
embedded systems course, based upon a 7-point Likert-Scale summation over
18 questions. The dashed line represents a neutral score of 52.

Retrospective student surveys [29] were administered in the
final week of the course to assess student opinions about the
use of Raspberry Pi-based lab development kit to introduce
embedded systems concepts. The assessment was comprised
both of free-form questions and eighteen Likert-type and
Likert-scale assessment questions [30]. A seven-point Likert
scale [31], [32] was employed and student agreement was
measured on a range of statements related to use of Raspberry
Pi-based lab development kit in the course, interfacing the
Raspberry Pi devices with various sensors, and the difficulty of
assignments with the Raspberry Pi devices compared to more
the traditional micro controllers utilized later in the course.
Of the 18 questions, six pairs of reversal questions measured
essentially identical opinions from both positive and nega-
tive agreement. One additional pair of companion questions
assessed a similar statement from differing viewpoints, but
cannot accurately be categorized as reversal-scale questions.

Results of the retrospective assessment indicate a strong
sentiment among students that use of Raspberry Pi-based lab
development kit in an embedded systems course (See Figure
6). Specifically, student overwhelmingly responded (average
6.17 on maximum scale of 7) that assignments and projects
using the Raspberry Pi-based lab development kit prepared
them for more later assignments using pure embedded micro
controllers (See Table I). Similarly, with an average response
of 6.0 out of 7, students agree that working first with analog
and digital sensors, motors, and similar devices using the
Raspberry Pi devices prepared them for connecting similar
sensors to an embedded micro controller. Finally, students on



Average
Statement Response

(Scale of 1 to 7)
The use of Raspberry Pi-based lab
development kit helped prepare me for
complex embedded systems topics later
in the course.

6.17

Designing, writing, and testing software
to run on the Raspberry Pi-based lab
development kit is easier than designing,
writing, and testing software to run on
the Toolstick Uni.

5.67

Learning to wire digital and analog
sensors to the Raspberry Pi prepared me
for connecting sensors to the Toolstick
Uni.

6.0

The Raspberry Pi is a sufficiently
robust and capable device for use in an
embedded systems course.

5.08

Programming the Raspberry Pi in C /
C++ is more appropriate than Python in
an embedded systems course.

5.5

TABLE I
SELECTED STUDENT RETROSPECTIVE RESPONSES ON UTILIZATION OF
RASPBERRY PI-BASED LAB DEVELOPMENT KIT IN EMBEDDED SYSTEM

COURSE

average (5.67 out of 7) agreed that developing and testing
software on the Raspberry Pi-based lab development kit is
easier than developing and testing directly on an embedded
micro controller, supporting the idea that Raspberry Pi-based
lab development kit can reduce student anxiety in the early
stages of an embedded computing course.

As you seen, the students feedback was overwhelmingly
positive. Many students said in the class survey that they had
great opportunities 1) to practice the theory and abstraction
through a practical application; 2) to integrate their knowledge
learn to solve real-world problems; and 3) to co-design and
develop software with Raspberry Pi devices to produce real-
world embedded systems on their own. Some students com-
mented that the lab was very challenging. This lab has really
raised my level of interest in IoT application development. To
sum up, our labware received positive feedback from students
and progress was made towards the objectives of promoting
students interests and improving their experience in embedded
system and IoT application design and development.

VI. RELATED WORK

Many colleges and universities are developing or offering
courses on IoT, however, their capacity is still in infant stages
because it is a relatively new field. The authors investigated
IoT curriculum in U.S. universities. Only a few universities
offer online courses related to IoT education, such as MIT
offered an online course titled Internet of Things: Roadmap

to the connected World [33] beginning on April 12, 2016.
Moreover, lots of learning materials of IoT are posted as
a MOOC (Massive Open Online Course) [34]. Because of
the increasing demand, even industry offers IoT certificate
program, such as CISCO [35].

However, IoT is gaining global significance. China for
example has initiated a strategic program to push the de-
velopment of core technologies and applications in IoT area
with a special focus on agriculture, logistics, transport, elec-
tricity, public health, and so on. Moreover, academics are
investigating the potential of IoT for reforming vocational
education [36], digital campus [37], and teaching management
system [38]. In Europe, Queen Mary (London) offers a four-
year BSc(Eng) in IoT Engineering [39]. Waterford Institute
of Technology (Ireland) offers a four-year BSc(Hons) in IoT
[40]. University College Dublin (Ireland) offers BE in IoE
engineering [41].

All the aforementioned works only apply IoT education
into one specific discipline, such as computing or engineering,
which is completely different from our project goals. We
propose to design a across-campus technology infrastruc-
ture/framework, that support teaching of Science, Technol-
ogy, Engineering and Mathematics (STEM) relate courses or
project by integrating IoT technologies.

VII. CONCLUSION

The authors propose to establish a learning framework,
which integrates Internet-of-Things and hardware/software
technologies, to create a new paradigm of learning. We believe
that students learn better and knowledge is retained better
using a hands-on and team-oriented learning approach. The
authors propose to develop intercapillary projects, which are
purposefully designed to solve problems that are draw from
concepts in STEM areas. In this paper, we shows the efforts
about the design phase and illustrate a case study to apply
the learning framework into a Embedded System Analysis &
Design course. The students were asked to designed and im-
plemented solutions to the projects in the Internet-of-Things-
based lab development kit, which composed of internet-
enabled sensors, micro-controllers, networking devices, and
programming environments. Twelve students participate in
the initial evaluation of the learning framework and learning
materials. The majority of students surveyed provided positive
feedback and enjoyed the IoT-based lab development kit.
In the future, we will design more modules for different
STEM related courses. We will continuously improve the lab
environment setup, lab instructions, and slides quality based
on students’ comments and suggestions.

Incorporating IoT into existing STEM curriculum offers
the opportunity to position undergraduates more competitively
with respect to this growing skillset and market, to ensure
existing coursework and projects keep pace with emerging
trends in industry, and to increase student interest and success
in targeted courses.
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