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Enabling Remote Student Learning of IoT Technologies 

Abstract 

The proliferation of inexpensive communication, computing, and sensor devices continues to 

fuel the design and deployment of a wide variety of Internet of Things (IoT) enabled devices. 

Correspondingly, providing students with educational experiences that include IoT technology 

has become an increasingly important element of university degree programs. In order to gain 

practical hands-on experience with IoT applications students require access to the physical 

devices of which these systems are constructed such as sensors, processor boards, and 

communication networks. This provides a holistic educational experience in which students can 

gain proficiency with designing, assembling, and programming IoT based applications.  

As classes at many universities have transitioned back to an in-person format, some schools have 

elected to continue offering at least some of their courses in an online format. Online courses in 

which students study remotely can pose challenges for students, especially those which are lab-

based that require students to have access to physical equipment in order to complete 

assignments. To support remote student learning, Texas A&M University-Kingsville, a Hispanic 

Serving Institution, has adopted a strategy that utilizes a basic IoT learning kit. Each kit consists 

of a basic processor board (such as a Raspberry Pi or a similar board), a variety of sensors, and 

the necessary equipment to connect components. Students learning remotely that are taking a 

course involving IoT topics are allowed to check out an IoT learning kit for the duration of the 

semester. Students can utilize the components of the kit to design solutions for IoT related 

assignments in their courses.  

A series of exercises have been developed at Texas A&M University-Kingsville as part of the 

capstone senior design course to introduce IoT concepts to remotely located students and help 

them learn how to use the components of the IoT learning kits. The exercises start with the basics 

of connecting and reading data from sensors and progress through logging data to a website and 

then utilizing it to control an IoT enabled device remotely. The IoT learning kits provide the 

opportunity for remotely learning students to engage with hands-on learning. Thus, students gain 

a better understanding of IoT concepts and technologies and how they might be integrated into 

their capstone projects.  

Introduction 

Problem based learning (PBL) is an area of research that has been shown to increase student 

interest on engineering topics [1]-[3]. Internet of Things (IoT) enabled devices present an area 

where PBL methods can be readily utilized. IoT enabled devices continue to become more 

common in industrial applications, consumer electronics, educational environments and curricula 

[4]-[7]. IoT example applications can include uses in robotics [6], reading temperature [5] or 

pressure sensors and health monitoring and applications [8]-[9]. IoT’s continued increases in 

utilization necessitate more educational materials and curricula to include IoT concepts and 

hands-on practice with IoT applications and devices. This provides a holistic educational 

experience in which students can gain proficiency with designing, assembling, and programming 

IoT based applications.   

   



Background 

Many courses at Texas A&M University-Kingsville and Texas A&M University-Corpus Christi 

were affected during the COVID-19 pandemic and were moved online. As a result. most labs 

had to be modified to allow students to take them remotely and even today many courses still 

have online sections at Texas A&M University-Kingsville. To support online or off-campus 

learning, students would be able to check out an IoT kit. The IoT learning kits provide the 

opportunity for remotely learning students to engage with hands-on learning. Thus, students gain 

a better understanding of IoT concepts and technologies and how they might be integrated into 

their capstone projects. The assignments reported in the rest of this paper provide an opportunity 

for students to learn how to incorporate IoT and are part of IoT related research and materials 

[9]-[11] that have been developed by the PIs. 

IoT Assignments 

To introduce students to the use of the Internet of Things (IoT) concept for designs and 

applications, five assignments have been developed at Texas A&M University-Kingsville to aid 

students in understanding how to access and control devices over the IoT. In this case a 

Raspberry Pi board has been utilized as a basis for IoT learning. Other similar FPGA or 

processor-based boards would also suffice. Later implementations of the assignments will utilize 

a more advanced board with more capabilities than the Raspberry Pi. Initially the five 

assignments will be utilized in the Capstone Senior Design courses in Computer Science and 

Electrical Engineering. Approximately 30 students are enrolled in the two courses during the Fall 

or Spring semesters.  

These five assignments build upon the authors’ research reported in [10]. These developed IoT 

materials will enhance the students’ IoT skills and confidence to utilize them in further designs 

such as in their senior design capstone projects. This material is based upon work supported by 

the National Science Foundation under Grant No. 2044255.  

The five assignments include the following topics: 

1. Introduction and Running a Simple Program on a Raspberry Pi,  

2. Connecting to the Internet with a Raspberry Pi, 

3. Getting sensor data readings using a Raspberry Pi,  

4. Sending data to the cloud and plotting the data, and  

5. Remotely driving a motor, LED or other device over the internet using a Raspberry Pi.   

 

An IoT survey developed for the funded grant will be administered to the students in order to 

ascertain any knowledge gains concerning IoT.  

 

In assignment 1 [12] the students first learn about connecting the Pi board to a display and 

opening a programming environment. In the assignment, students will write a short program to 

output a message such as “Hello World.”  Python will be used in this assignment but other 

languages such as C could also be utilized to accomplish this assignment. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 1 – a) Raspberry Pi Desktop                      b) Prompt in Python 

  

After the Pi board is connected to a display, a keyboard, and a mouse, the student can power up 

the Raspberry Pi. The desktop should look similar to Figure 1 a) above. If one clicks on the 

Raspberry on the display, one can choose a programming language such as Python. This will 

then bring up a command prompt as seen in Figure 1 b). Example code to print simple messages 

to the screen is found below in Figure 2. The corresponding output is for the example code is 

included [12]. 

 
Example Code: 

print("Welcome to the world of Raspberry\n") 
print("Let's say Hello to this Environment\n") 
print("Just try adding 2 numbers\n") 
a=int(input("Enter 1st number ")) 
b=int(input("Enter 2nd number ")) 
c=a+b 
print("\n the sum of {0} and {1} is {2}".format(a,b,c)) 

 
Output: 

Welcome to the world of Raspberry 

Let's say Hello to this Environment 
Just try adding 2 numbers 
Enter 1st number 10 
Enter 2nd number 20 
The sum of 10 and 20 is 30 

 

Figure 2 – Example Python Code [12] and Flowchart Modified from [10] 
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In assignment 2 [13] the student will learn how to connect the Pi to the internet so that in later 

assignments data and control signals can be transferred over the internet.  If a WiFi network is 

available that is connected to the internet, one can connect to the internet by clicking on the WiFi 

icon and entering the WiFi login credentials to establish a connection. This is shown in Figure 3 

[13]. The user can now check the network interface details by using commands such as 

“ipconfig” or “ifconfig -a” and to check the connection by using commands such as “ping” from 

a command prompt as shown in Figure 4 [13].  

 

 

Figure 3 : WiFi icon [13] 

 
Figure 4 : Ping Command Utilized to Check Internet Connection [13] 

The “ping” command will report statistics for sending and receiving packets to/from the website 

that was “pinged.”  

 

In assignment 3 [14] a sensor will be connected to a general-purpose input output (GPIO) pin on 

the Raspberry Pi. Figure 5 displays a simple circuit for utilizing a simple sensor such as an HW-

201 infrared sensor. The output for this sensor is a digital output to simplify the connection to the 

Pi. Figure 6 displays example code for reading sensor data for the circuit in Figure 5. 

 

 

 

 

 

 

 

 

 

Figure 5 – Simple Infrared Circuit to Determine the Presence of an Object [14] 
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Figure 6 –Python Example Code - Read an Infrared Sensor to Determine 

Presence of an Object [14] 

 

The corresponding output is displayed in Figure 7 [14]. In the code, the output will be “1” or “0”; 

a “1” denotes no obstacle detected while a “0” represents an obstacle has been detected by the 

infrared sensor. 

 

 
Figure 7 –Infrared Sensor Example Code Output [14] 
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Now that the student has completed Assignments 1-3 the student can connect the Pi to the 

internet and read sensor data on a GPIO pin.  The next Assignment will store data on a 

webserver. In Assignment 4 one can use a platform such as ThingSpeak [15] to facilitate internet 

data storage and analytics. One can create a channel in ThingSpeak. With the channel created, 

one will need to determine the Application Programming Interface (API) key for the channel so 

one can write to the channel from the Raspberry Pi, see Figures 8 and 9 [16]. 

 
 

 

Figure 8 -API Keys for the Channel [16] 

 

 
 

Figure 9 – Example Python Code to Send Data to ThingSpeak [16] 



Figure 10 shows the overall program flow to post data to a website/cloud server as described in 

Assignment 4. Assignment 5 [17] will then build upon this to drive a motor or LED using control 

signals via the internet. This IoT capability could be for example used to control a robot’s motors 

or to send data as part of a user interface. 

 

 
 

Figure 10 – Flowchart for Assignment 4 – Posting Sensor Data to Cloud [9] 
 

The data on ThingSpeak can be visualized in real-time. Figure 11 [16] displays a plot of the data 

generated while running the Example Code from Figure 9. Figure 12 shows example Python 

code to control a motor and an LED [17]. 
 

 

 
 

Figure 11 – Output for Example Code on Channel in ThingSpeak [16] 

 



 
 

Figure 12 – Example Python Code to Control a Motor and an LED [17] 
 

In Figure 13, the Raspberry Pi, infrared sensor, motor and an H-bridge motor driver are pictured. The H-

bridge motor driver is utilized in this case to simplify the circuit to have the Raspberry Pi control the 

motor. The motor speed can be adjusted inside the Python code. 

 

 

 

 
 

Figure 13 – Setup with Motor [17] 
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Conclusions 

Initially the five assignments will be utilized in the Capstone Senior Design courses in Computer 

Science and Electrical Engineering. Students will gain experience working with IoT applications 

through the Assignments 1-5. The IoT learning kits provide the opportunity for remotely learning 

and in-person students to engage with hands-on learning. Thus, students gain a better 

understanding of IoT concepts and technologies and how they might be integrated into their 

capstone projects. Later implementations for these and future assignments will utilize a more 

advanced board with more capabilities than the Raspberry Pi. An IoT survey developed for the 

funded grant will be administered to the students in order to ascertain any knowledge gains 

concerning IoT after they complete the five assignments.  
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