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Abstract  
 
This paper presents the integration of Peer-led-Team Learning (PLTL) and design thinking (DT) to 
improve student success in Engineering Statics, which is a gatekeeping class for mechanical and 
aerospace engineering (MAE) students. The MAE department at the University of Texas Arlington 
(UTA) offers multiple sections of Engineering Statics each semester with an average passing rate of 
around 70% in the past several years. In spring 2024, UTA Division of Student Success introduced 
PLTL to this course with a professor from the MAE department serving as the faculty liaison. The 
main task of the faculty liaison was to develop the weekly PLTL packages, which typically consist of 
a set of problems that the peer leaders (PLs) would guide the students to solve. In developing the 
weekly PLTL package, the faculty liaison intentionally incorporated a six-step problem-solving 
process following the DT pedagogy. The goal is to help students following the DT process in defining 
the problem and developing creative solutions. 30.5% of students enrolled in the course signed up for 
the PLTL sessions. A 19.3% increase in the passing rate was achieved for the students who 
participated in PLTL as compared to those who did not.  
 
 

Introduction 
 
Engineering Statics is a fundamental course for Mechanical, Aerospace, and Civil Engineering. It 
covers the fundamental concept of forces, moments, reactions, equilibrium, free-body diagram, etc. 
To successfully pass this course, the students need to have a strong grasp of mathematic concepts, 
such as trigonometry, vectors, etc., and the ability to apply these concepts to solve complex 
engineering problems. As such, Engineering Statics has long been a gatekeeping course that stops a 
sizable portion of students from advancing their engineering studies. The MAE department at UTA 
offers multiple sections of Engineering Statics each semester. The average enrollment in the past 
eleven semesters was around 150 students and the average passing rate was about 70%. The MAE 
department had made multiple changes to improve the passing rate of this course, including 
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introducing a one-hour problem solving course to prepare students for Engineering Statics1. This 
intervention led to modest increase in the passing rate of Engineering Statics in the first semester, but 
a study on the long-term effect of this intervention has not been conducted. 
 
PLTL is a pedagogical approach that emerged in the 1990s as an active learning approach to enhance 
student learning, especially in science, technology, engineering, and mathematics (STEM). Research 
have shown that PLTL improves student performance, retention, and commitment to engineering2,3. 
Contrary to traditional lecture-centric pedagogy, PLTL incorporates small-group sessions facilitated 
by peer leaders (PLs). These PLs are selected from students who have successfully completed the 
course with a grade B or above. They receive comprehensive training on active learning strategies, 
communication, leadership, etc., prior to leading PLTL sessions. The PLTL sessions are typically 
offered as a supplement to regular classroom teaching. Students voluntarily sign up for the PLTL 
sessions, but they are required to meet certain attendance threshold to remain in the program. The 
PLTL sessions focus on collaborative problem-solving and active learning strategies that help students 
engage deeply with the material and their peers. A faculty liaison develops a weekly PLTL package 
containing problems for students to solve during the PLTL sessions. He/she meets with the PLs weekly 
but does not attend the PLTL sessions. Even though the faculty liaison plays a crucial role in ensuring 
the success and effectiveness of the PLTL program, there is no training for the faculty liaisons. As 
such, the development of the PLTL packages relies solely on the faculty liaison’s experience and 
knowledge of active learning strategies. Following a pedagogic framework could help the faculty 
liaison create packages that are more structured and more engaging to maximize the benefits of PLTL 
for all participants. 
 
Design thinking (DT), as a pedagogical framework, offers a structured approach for creative problem-
solving. Evolving from the practice of design, DT has been generalized as a human-centric problem-
solving process consisting of five elements, i.e., emphasize, define, ideate, prototype, and test4. In 
education, researchers are exploring this mindset for curriculum design5–7 and classroom 
interventions7–10, with a goal to teach students how to think like a designer5,11,12. It was found that 
“intentional implementation, including organization and framing of design thinking pedagogy, was an 
essential foundation for fostering student interest.”10 While it is intuitive to implement DT in design 
focused courses, implementing the DT pedagogy in fundamental engineering courses like Engineering 
Statics remains to be explored. 
 

This paper presents the integration of PLTL and DT to improve students’ understanding of 
Engineering Statics concepts and the application of these concepts to solve complex problems. A 
modified DT process is first introduced, and its implementation is explained using an Engineering 
Statics problem as an example. The first semester implementation of this strategy led to a 19.3% 
increase in the passing rate for students who participated in the PLTL program, as compared to those 
who did not. A few observations from the faculty liaison on the benefits of this strategy are discussed. 
 

Course Description 
 
Engineering Statics is a critical gatekeeping courses that MAE students at UTA must receive a C or 
above grade to pass. Each spring and fall semester, multiple sections of Engineering Statics were 
offered. These sections have different instructors, but the lectures are held at the same time and the 
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students take the same exam. The average enrollment per semester is about 150 with a passing rate of 
around 70%.  In the past four long semesters, 35.3% of students taking Engineering Statics from the 
MAE department at UTA are identified as Latinos, the largest demographic group of this course.  
 

PLTL Implementation 
 
Overview 
UTA’s Office of Academic Student Success launched PLTL for Precalculus in Fall 2020. The results 
showed PLTL had a positive impact on pass rates for at-risk populations13. In spring 2024, UTA 
expanded PLTL to Engineering Statics. An experienced instructor who has taught Engineering Statics 
for many years volunteered as the faculty liaison. Two PLs were recruited to lead the PLTL sessions. 
32 students signed up for the PLTL sessions, accounting for 30.5% of the total enrollments. The 
students met 80 minutes per week outside of regular class time and worked in groups of 8-10 to solve 
problems related to concepts taught in lectures. A total of 342 PLTL sessions was delivered. 
 
Design Thinking Pedagogy 
Convention DT process consists of five stages, namely empathize, define, ideate, prototype, and test. 
To tailor it for engineering problem solving, this convention framework is modified into a process 
consisting of six steps. The application of this six-step DT process to solve Engineering Statics 
problems is described in Table 1. 
 

Table 1. Modified Design Thinking Process for Solving Engineering Statics Problems 
Steps Application to Engineering Statics problems 

1. Identify goal & 
constraints 

Visualize and rephrase the problem to gain a deeper understanding. 
Write done what needs to be solved and what are given. 

2.Research principles & 
concepts 

Identify relevant concepts, including the concepts covered in 
lectures & those learnt from previous courses, especially from math 
courses. 

3. Visualize solutions, 
results & evaluation plan 

Discuss the solution steps, alternative approaches, expected results, 
and evaluation plan. Using flow diagram, sketches, etc. are strongly 
encouraged. Reflect on the plan before proceed (break point #1). 

4. Solve the problem Follow the planned solution steps. Do not skip steps! 
5. Evaluate the results Follow the evaluation plan. Discuss the results with others 

(breakpoint #2). Re-visit the goal and constraints if necessary 
6. Report methods & 
results 

Write down detailed step-by-step solution following the homework 
format. Reflect on the insights gained from the problem-solving 
process. 

   
To emphasize the iterative nature of the modified DT process, these six steps are arranged in a circle 
shown in Figure 1. It starts with identifying the goal and constraint of the problem and ends with 
reporting the methods and results. The PLTL activities emphasize the first three steps, namely 
identifying the problem, researching the concepts, and planning the solutions. The goal is to deepen 
students’ understanding of fundamental concepts and stimulate their creativity in finding alternative 
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ways to obtain the solutions. Typically, students are divided into two groups to work through the first 
three steps independently. The PL will then review the work of these two groups and lead the 
discussion to clarify concepts and/or explore different approaches. The students can only proceed to 
solve the problem after the plan has been reviewed and approved by the PL.   

 
Figure 1. A Modified Design Thinking Process Tailored for Solving Engineering Statics Problem 

 

Apply Design Thinking to Solve Engineering Statics Problems 
To demonstrate the application of the six-step DT process for solving Engineering Statics problems, 
an example problem is shown in Figure 2. The problem is given as the following: “the component of 
a force F in the x-y plane is 100 lb, and the orientation of the force is shown in Figure 2. Find the 
magnitude and the direction angles of force F.” If the students were given the problem without any 
instructions, they would be most likely to solve the x, y, z components of force F first and then 
calculate the magnitude and the direction angles from these components, as taught in the textbook and 
in the lecture. The students probably would not give much deep thought about the problem or about 
how to verify the results they obtained. To help the students understand the problem and the concepts 

 
Figure 2. An Engineering Statics Example Problem for Demonstrating the Design Thinking 

Problem Solving Process 
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more deeply, the PLTL problem set provides a detailed instruction on the first three steps of the DT 
process. The first step, i.e., “identifying goal & constraints”, starts with visualizing the problem. To 
help the students with this task, instructions for a paper folding exercise are given as the following.  
 
1. Draw F and the 100 lb force on a piece of paper. Fold the paper into a triangle formed by the 

three lines shown in the figure. 
2. Draw the x-y plane and the 100 lb force on another piece of paper. Lay the paper on the table. 
3. Assemble the triangle from step 1 and the x-y plane from step 2 to demonstrate the force vector 

F in 3D space. 
 

This exercise not only helps the students construct the force vector in 3D space but also helps them 
learn the process of breaking a complicated 3D problem into two simpler 2D problems. After 
visualizing the problem, the students are instructed to rephrase the problem using technical language 
and symbols, such as “the projection of force F on the x-y plan is F’. The angle between F and F’ is 
 = 30o. F’ lies in the second quadrant of the x-y plan and has an amplitude of 100 lb. The angle 
between F’ and the positive y axis is  = 15o. Determine the magnitude and direction angles of F”. 
They can then move on to the second step of the DT process, which is to identify the Engineering 
Statics and Mathematics concepts that are needed to solve this problem. The third step, i.e., 
“visualizing solutions, results & evaluation plan”, encourages the students to find different ways of 
solving the problem, even if it is just partially. For the problem given in Figure 2, the magnitude of 
force F can be found without knowing the x and y components of the force first, i.e., it can be solved 
directly from the 100 lb force and the 30o angle using the triangle in the 1st step of the paper folding 
exercise. Moreover, the direction angle between force F and z-axis can be quickly found to be 60o. 
The students can solve the problem using the conventional procedure taught in the lecture and validate 
their results with these two variables. Working through step #3 encourages the students to look for 
creative ways to solve the problem in different ways, making the exercise much more interesting and 
engaging. 

 
Results and Observations 

 
In Spring 2024, 69.6% of students who did not participate in the PLTL program passed Engineering 
Statics. In comparison, 88.9% of the 32 students who participated in the PLTL program passed the 
course. This 19.3% increase in the passing rate means PLTL helped 7 students who would otherwise 
fail the course advance to the next phase of their study. This preliminary result highlighted the benefit 
of integrating DT with PLTL for Engineering Statics.  
 
In addition to the passing rate improvement, the faculty liaison observed a few additional benefits that 
have yet to be quantified. First, the students who participated in PLTL demonstrated problem-solving 
capability that is beyond what was taught in lectures. The PLTL problems are typically more complex 
than the homework problems assigned by the instructor. Moreover, the instructors used to spend one 
lecture teaching how to apply the concept of friction to solve wedge problems. In spring 2024, the 
instructors were not able to cover wedge problems because of time constraints. However, the students 
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did not have any difficulty in solving a wedge problem at the PLTL session, even though it was not 
covered in lecture. Secondly, the DT process encouraged the PLs to “think out of the box”. There were 
numerous “aha” moments at the faculty liaison meetings, in which the PLs saw hidden connections 
between concepts that they were not aware of before. This led to a feeling of excitement and 
satisfaction. Thirdly, the faculty liaison learned a lot from the PLs about the students’ ways of thinking 
and the learning challenges students face. Better understanding of students’ capabilities and needs 
could lead to more effective teaching. Most importantly, the DT process made engineering problem-
solving a fun experience for all participants, including the students, the PLs, and the faculty liaison. 
 

Summary and Conclusions 
  

This paper presents the integration of PLTL and DT to improve student success in Engineering Statics. 
A modified DT process was introduced and implemented in PLTL sessions to deepen the students’ 
engagement with the material and to stimulate their creativity. A 19.3% increase in the passing rate 
was demonstrated. Other benefits, including enabling students to solve more complex problems, 
catalyzing “aha” moments for the PLs, and enhancing the faculty liaison’s understanding of students’ 
capabilities and needs, were observed but not quantified. Overall, the PLTL experience contributed to 
a supportive, engaging, and fun environment for all participants. 
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