


Online Robotics Project-based Learning Approach in a First-year Engineering 

Program 

Abstract 

A first-year mandatory engineering project-based course aimed at developing an engineering mindset 

was taught through students engaging in active learning strategies built on the design-



concentration and motivation levels [7]. However, the differences were not statistically significant as 

such observations could not be attributed to the different teaching modalities. Nevertheless, large-scale 

studies are needed for standardizing teaching and learning practices. A comprehensive understanding of 

the differences between different teaching modalities in robotics has yet to be developed. Challen



Pre-COVID, the course was a service-learning course with multiple design projects taught in a face-to-

face classroom setting [18-19]. Modification of course materials and approach occurred during COVID 

with the core parameters remaining unchanged, especially the team-based projects, instructors, and TA 

distributions. Course content, projects, and assignments were streamlined to fit a remote instructional 

method and still meet the course outcome of students' ability to develop an engineering mindset and 

gain familiarity with design principles.  

Course methodology utilized a thematic learning approach 



Manufacturing Prototypes with Robotics Project kits  



Table 1: Sample course schedule for a Fall semester 

 

Wk Lecture Topics Lab Activities Deliverables

1 Course Overview Engineering Disciplines Pre-Course survey

Project, Team Roles, Jigsaw assignment (Watch assigned videos)

2 Engineering Design-thinking Design Process Jigsaw Design Process

Customers' Needs vs Engr Specification

Cosmetic Design vs Functional Design

3 No Class Tinker CAD tutorial Purchase project kit

                          (Labor Day) (Bring a laptop/tablet)

4 Manufacturing Technology Professional Dev. (PD) CAD 1: Tutorial

Intro to 3D Printing 

CRBP Orientation  

5 Engineering Tools Arduino Programming Lab CAD 2: Cosmetic Design

Arduino Programming Guide (Bring yopur project kit) PD 1: Learn it

  

6 Ideation to Fabrication Design Heuristic Cards Programming worksheet

Concept Ideation (Design Heuristics) (Bring your CAD 2 work) Iteration & Improving 

7 Engineering Communications & Ethics Engineering Ethics: Fabrication

Memo Writing & Oral Communication Case studies

Engineering Ethics & Intellectual Prop (Read cases before class)

8 Design Review (DR) Presentations  Presentation Day 2 DR Presentation slides

(Business casual Attire) Memo 1 (Draft)

9 Instrumentation Engineering Circuit tutorial DR Document

Electronics & Sensors (Bring your project kit)

 

10 Design Optimization Design Optimization Survey Circuit tutorial

Engineering Data Analysis Memo 2 (Final)

11 Entrepreneurship Mindset Value Creation Design Optimization

Art of Innovation Project Testing

12 Engineering Technical Report No Class Entrepreneurial Ad.

Writing an Executive Summary          (Veterans Day) PD 2: Show it

13 Project Work Week Project work week Executive Summary 1

(Bring hardware to class) Team Evaluation 

14 Project Showcase Competition No Class Showcase Portfolio

Showcase Part 1     (Thanksgiving break)

(Business casual attire)

15 Submit Executive Summary 2 No Class Executive Summary 2

Showcase Part 2             (Reading Day) Post-course survey

 Project Reflection



Table 2: Description of Individual Roles in a Team 

Engineering Lead 
Roles 

Duties 

Project -Act as team lead and must understand all aspects of the project. Leverages 
how the engineering technology is integrated. Provides team status reports. 
-Generate, communicate, and maintains project schedule to ensure the 
team meets project deliverables. Lead the creation of the team presentation 
slides. Responsible for the bill of materials.   

Test -Inspects and reports on the functionality and safety of materials. Run tests 
on components to identify potential malfunctions and recommend potential 
solutions.  
-Responsible for implementing tests that ensure the quality of the final 
product. Verifies and validates the finished product for functionality, speed, 
and durability. 

Software -Write, debugs, and maintain programming codes to ensure the product 
meets standard operations. 
-Responsible for producing fabrication videos and photos 

Product Development -Manufactures the robots and assembles parts as a cohesive and functional 
final deliverable.  
-Responsible for the fabrication plan and manufacturing process. 3D printing 
training is necessary if using a 3D printer. 

Design -Creates and manages the CAD file for the final candidate design to ensure it 
meets guidelines for production and functionality. 
-Drafts the list of engineering specifications and selects parts and 
components needed for fabrication. 

 

Table 3: Budget for essential project materials 

Materials Quantity Estimated Cost 

Digital Multimeter 
 

1X $10.00 

L298N H-Bridge Motor Drive Controller 
 

1-2X $10.00 

DC Motors with wheels 
 

2-4X $10.00 

ELEGOO UNO Project Super Starter Kit:  

¶ 1X Ultrasonic Sensors 

¶ 1X 9V Battery and Button 
Connector Cable Clips 

¶ 1X Breadboard 

¶ Jumper Wires 

¶ Resistors  

¶ Buttons 

¶ LEDs 

¶ 1X Arduino Uno R3  
 

1X  
 

$30.00 

 Total $60.00 



Table 4: List of course reflection questions asked students during mid-term 

1. List some things you find positive about this remote Lab course 

2. With respect to course structure, i.e., Lecture, Lab activities, Assignments, and the use of MS 
Teams. What are the things you wish we could do differently? 

3. With respect to Course and Lab content, i.e., Design Process, Programming, Fabrication, Design 
Heuristics, Instrumentation, Design Review Presentations etc. What are the things you wish we 
could do differently? 

4. What are your expectations or fears about the upcoming Project Showcase? 

5. Is your group supportive of each other? What are your thoughts about your team? 

 
 

Table 5a: List of project reflection questions asked students at the end of the course 

1.



o "For me, this project has been a major learning curve. While it is fun, it's challenging yet 

doesn't have a cookie-cutter solution like most classes do. The lab lectures are 

formatted for the forward motion of the project itself. Some students (especially online) 

might feel lazy. This gets them to be proactive and do their work on time." 

o "I like how it is all the interesting things I came to college to learn about, like electronics, 

robots, some coding, and I feel like the structure would work really well if it was in-

person classes." 

¶ 4-Q2: With respect to course structure i.e. Lecture, Lab activities, Assignments, and the use of MS 

Teams. What are the things you wish we could do differently? 

o "I would have liked to do the mechanical things in person because it can be hard to 

understand something and help other people with the arduino and wires and stuff 

through a computer." 

o "I find online school does not work well for me, so I think in person group work and 

lectures would be more beneficial" 

o "What I wish we could do differently is meet in person to work on our engineering 

project because it is super difficult doing it over teams calls." 

¶ 4-Q3: With respect to Course and Lab content i.e. Design Process, Programming, Fabrication, 

Design Heuristics, Instrumentation, Design Review Presentations etc. What are the things you 

wish we could do differently? 

o "I think that maybe instead of doing only CAD tutorials for practice, if we had a simple 

prompt to come up with our own original cad design prior to designing the actual robot 

it might help to boost our creativity in preparation to making the candidate designs." 

o "I think that the lectures involving programming should be more in-depth and give us 

more examples to work through where we have to create our own variables and such." 

o "I can't think of much besides just transferring to entirely in person. I do not enjoy 

online work in the slightest." 

¶ 4-Q4: What are your expectations or fears about the upcoming Project Showcase? 

o "My fears mostly stem from my social anxiety and tendency to get nervous when 

presenting. I also fear that unexpected issues may arise that affect the showcase such as 



o "It was difficult to work with each other sometimes because we live far apart from each 

other. One of my team members lives in another continent and the time/distance does 

cause issues with working together on the project and attending meeting. It's some 

what difficult to schedule a team meeting since we have other classes and one team 

member is in a far off time zone." 

Students appreciated the project-based learning strategy and collaborative learning approaches utilized 

in the course. Still, many shared the need for face-to-face classes, especially for hands-on lab activities. 

Students requested more in-depth teaching of programming, 





¶ Assign individual tasks within group assignments for each team member throughout the 

fabrication phase of the project, similar to the divide and conquer collaboration model. 

¶ Encourage team members to collectively create group charters and a contingency plan should a 

group member leaves. 

¶ Frequently use pop questions or Kahoot-type games to encourage active participation during 

class. 

¶ Create private channels for individual groups to use to communicate before, during, and after 

synchronous lectures. 

¶ Host project support online channels/platforms equivalent to a help desk. This channel would 

serve to assist students with building a robot. Administrative support would be on standby 

throughout the day or as necessary. 

¶ Provide continuous reminders and post announcements on all different course platforms. 

¶ Arrange for project status meetings with individual teams 
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