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Abstract 

 

Introduction 

In recent years, there has been a worldwide push to move away from a traditional lecture, with 

the instructor positioned at the front of the classroom presenting material using a PowerPoint 

presentation or writing on the whiteboard and students passively listening, to more interactive 

student-centered learning methods like flipped classrooms, active learning, gamification or 

game-based learning, in-class hands-on learning experiments, etc. Some benefits of these 

engaging methods include a greater understanding of fundamental concepts, higher knowledge 

retention, development of collaboration skills, and better performance on summative assessments 

[1]-[3].Active learning involves a variety of instructional methods that require students to 

actively 8do something9, such as participating in discussion or completing an in-class activity 

(rather than passively taking notes or following instructor directions), to foster higher-order 

thinking [4].  

 

Project-based learning (PBL) is an inquiry-based active learning method that involves students 

collaboratively working on authentic real-world problems to develop solutions or end products 

[5]. Particularly in theoretical engineering classes (in which students might not be required to 



concurrently enroll in the corresponding laboratory section), this method emphasizes the 

applicability of the knowledge gained in the classroom to the surrounding society beyond the 

context of simplified numerical problems from the textbook [6]. Additionally, researchers have 

demonstrated that PBL hones students9 critical thinking skills, fosters communication and 

teamwork abilities, and encourages students to take ownership of their learning [3].  

 

Cooperative learning, which also has collaborative work at its core, like PBL, is another subset 

of active learning that utilizes small group in-class activities to maximize student learning [7]. 

Our previous research has demonstrated that minimal modification of homework, take-home 

quizzes, and in-class activities to include problems at Bloom9s taxonomy categories of 

Understand, Analyze, and Evaluate (which typically only include questions at Remember and 

Apply levels), when implemented in an active learning environment, significantly improved 

student understanding, performance in a summative assessment, and overall student learning 

experience [8]. We also found that active learning is integral to ensure that targeted Bloom9s 

Taxonomy questions improve student learning/metacognition, and similar implementation in a 

traditional/instructor centered classroom is not as beneficial [9]. The multi-tiered Bloom9s 

Taxonomy model, first developed in 1956 by Benjamin Bloom and collaborators, and later 

revised in 2001, hierarchically categorizes learning into six cognitive levels: Remember, 

Understand, Apply, Analyze, Evaluate, and Create [10]. Problems from the first five categories 

test the ability of students to remember factual knowledge, understand fundamental ideas/ 

concepts, apply these concepts in various contexts to solve numerical problems, analyze ideas by 

comparing different solution approaches, and support decisions or justify choices (i.e., evaluate) 

using knowledge gained in class respectively.  

 

The goal of this study is to compare and evaluate the role of two group-based assignments, i.e., 

Bloom9s Taxonomy-based learning (BTL) and Problem-based learning (PBL), on student 

knowledge, and comprehension in a large undergraduate Fluid Mechanics class. We aim to 

investigate whether the exposure to real-world engineering problems in the PBL class section 

translates into better performance on formative and summative assessments than the 

implementation of targeted small-group Bloom9s taxonomy in-class activities in another class 

section. To the best of our knowledge, the limited comparative literature in this domain does not 

involve analysis of student performance on formative and summative assessments incorporating 

problems at various Bloom9s Taxonomy levels [11]-[12]. Our study aims to fill that gap. We 

hope the results from this analysis will guide instructors to choose between these two 

instructional methods or even implement a combination of these two in undergraduate 

engineering classes for optimized student learning and satisfaction.  

 

Methods 

This study was conducted in a required undergraduate Fluid Mechanics course in the Mechanical 

Engineering Department at Texas A&M University in Fall 2023. The class consisted of ~85% 

junior mechanical engineering students and ~15% junior and senior students from nuclear 

engineering and architectural engineering. This study includes two sections of the course taught 

by two different instructors (Table 1). Both instructors have similar teaching philosophies, 

pedagogical approaches, and more than three years of experience teaching Fluid Mechanics 

courses. 

 



Table 1. Details of the two class sections participating in the study: the number of students, type 

of assignments (i.e., homework, in-class activities, projects), and instructors assigned to each 

section. 

Sections No. of 

students 

Homework 

(HW) 

In-class activities 

(ICA)  

Team 

Project 

Instructor 

Bloom9s 

Taxonomy-

based Learning 

(BTL) 

100 
     

A 

Project-based 

Learning 

(PBL) 

100 
     

 

Problems at two 

Bloom9s 

Taxonomy levels 

and team project-

related tasks 

Assigned B 

 

Both sections had the same number of students (100 students/section) and were taught in an 

active learning environment. Students engaged in learning through individual online polling and 

small group-based in-class activities. The homework and in-class activities in the Bloom9s 

Taxonomy-based learning (BTL) section consisted of problems at five Bloom9s Taxonomy 

categories 3 Remember, Understand, Apply, Analyze, and Evaluate levels. On the other hand, the 

homework and in-class activities problems in the Project-based learning (PBL) section only 

focused on two Bloom9s Taxonomy categories 3 Remember and Apply, in addition to problems 

related to the assigned team project.   

 

A team-based (4 students/team) semester-long project was assigned in the PBL section. The 

main goal of this project was to motivate students to develop a deep understanding of content 

knowledge and promote various skills (e.g., creativity, critical thinking, collaboration, and 

communication) by working on real-world, ill-structured problems in small teams. Additionally, 

project was explicitly designed to foster students9 entrepreneurial mindset, empowering them 

to enhance their technical knowledge with a proactive, exploratory, and impact-driven approach. 

The title of the team project was 8Aggieland Piping System Design9, and the objective was to 

develop a sustainable and cost-effective piping system design that ensures a reliable water supply 

to the campus's residents while optimizing resource utilization and financial investments. There 

were three project deliverables collected throughout the semester, as listed below:      

ï Deliverable 1 - Preliminary Investigation: Students asked critical questions about the 

problem, researched and identified specific requirements needed in the design to meet 

customer needs, and provided a 1-page writeup. 

ï Deliverable 2 - Preliminary Design: Students sketched their preliminary design and 

provided evidence of the technical feasibility of their design using concepts learned in 

class (e.g., the Bernoulli equation). 

ï Deliverable 3 - Final Design Report: Students submitted a final report, which 

primarily included a description of the problem, design requirements, design 

drawings, summary of technical calculation results, and bill of materials. 

 

 

 



Assessments  

To investigate the effect of BTL and PBL on student learning, the average student scores in a 

common quiz and a final exam were compared. The same take-home, open-book, time-limited 

(1-hour) quiz was administered in both sections. It covered the topic of viscous flow in pipes, 

which is also the focus of the in-class activities (ICAs) and modified homework of the BTL 

section, and the ICAs and team project in the PBL section. The quiz included mandatory 

problems at Remember and Apply levels, and bonus questions at Understand, Analyze, and 

Evaluate levels. The quiz problems are listed in Appendix A. 

 

Since the final exam was scheduled on a different day towards the end of the semester for each 

section, the exam problems were different but designed to be at a similar difficulty level.  All 

exam problems were given at the Apply cognitive level. 

 

The grading distribution for both sections was 70% on formative and summative exams (i.e., 

20% on Midterm 1, 20% on Midterm 2, and 30% on the Final Exam), 5% on in-class activities, 

10% on homework, and 15% on other assignments. The remaining 15% of the grades for the 

BTL section were for quizzes, while for the PBL section, it was 5% for quizzes and 10% for 

team projects. 

 

Statistical Analysis 

A comparison between scores from the BTL and PBL sections was conducted using a 

nonparametric, the Mann-Whitney U test, at a 95% confidence level. A value of p < 0.05 was 

considered to be statistically significant. 

 

Results 

In-class activities 

In-class activities (ICA) were administered in two formats 4 online individual polls and team-

based in-class assignments. Both sections attempted the polls containing questions at two 

cognitive levels of Bloom9s Taxonomy 3 Remember and Apply, at random times throughout the 

class. Grades from these polls were not recorded. Additionally,  BTL section attempted three 

team-based in-class assignments. Each ICA contained problems at different cognitive levels 3 

Understand (ICA 1), Analyze (ICA 2), and Evaluate (ICA 3). On the other hand, the PBL section 

completed four team-based in-class assignments. These ICAs were all related to the deliverables 

of the term project. 

 

 

Table 2. Percentage of students in the BTL and the PBL groups who earned credit in the in-class 

discussion-based assignments.  

 

In-Class Assignments BTL Group PBL Group 

ICA 1 77% 92% 

ICA 2 90% 98% 

ICA 3 94% 94% 

ICA 4 Not applicable 98% 

 



Overall, both sections had great class participation and engagement. More than 90% of students 

in both sections (except ICA 1 in the BTL group) participated and earned credit in the in-class 

discussion-based assignments (Table 2). The low participation in ICA 1 for the BTL section 

could potentially have been due to many students missing lectures on that particular day to study 

for an exam for another course.  

 

Homework 

A homework assignment on viscous flow in pipes was given to both sections. The homework 

assignment for the BTL group was modified to include problems at five Bloom9s Taxonomy 

cognitive levels, while the PBL group had problems at two cognitive levels (similar to problems 

found in textbooks). Figure 1A shows that no significant difference was found between the 

homework scores of these groups. Since 80% of the homework was graded for completion and 

20% for accuracy in both sections, this finding suggests that students from both sections might 

have spent similar effort completing the homework. It might be worth noting that although most 

students were able to complete the homework problems, only 91%, 73%, and 40% of the BTL 

students received full (accuracy) credits in the modified problems at the Understand, Analyze, 

and Evaluate levels, respectively (Figure 1B). Thus, with higher cognitive levels requiring 

higher-order thinking, the percentage of students who received full credit on those problems was 

found to decrease.      

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. (A) The average homework score of the BTL and PBL sections and (B) Percentage of 

students in the BTL section who earned full credit in the modified homework problems. 

 

Team project 

Each team in the PBL section submitted three deliverables (as described in the method section) 

for the term project. The average score of all teams across the three tasks is 89%, with the 

average in Task I being slightly higher than Tasks II and III. The consistent scores demonstrate 

that students diligently kept up with the assigned work throughout the semester. A slight 

decrease in scores from Tasks I to III is anticipated as the requirements, expectations, and 

content depth were progressively made more challenging throughout the semester. 
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Figure 2. The average score of three deliverables in the team project for the PBL section. 

 

Quiz 

A common quiz was given to the BTL and PBL sections. The quiz consisted of a mandatory 

section (10 points) and a bonus section (3 points). The mandatory section included problems at 

two cognitive levels, Remember and Apply, whereas the bonus problems were at three different 

cognitive levels: Understand, Analyze, and Evaluate (Appendix A). Figure 3A shows the 

average scores on the mandatory problems and the total score, including the mandatory and 

bonus problems. No significant difference was found between the average score of the 

mandatory problems in the BTL and PBL sections. However, the total score (including bonus 

points) of the BTL group is significantly higher than the PBL group. This result suggests that the 

BTL students performed better on the bonus questions at Bloom9s Taxonomy cognitive levels, 

which are not typically included in textbook problems. Specifically, the percentages of the BTL 

students who received partial or full credits on the bonus problems are higher than the PBL 

students in all problem categories (Figure 3B). Similar to the trend observed in the homework 

assignment, the percentage of students who received credit was found to decrease as the 

cognitive levels changed from a lower level (Understand) to a higher level (Evaluate) for both 

sections. However, this downward trend is more evident in the PBL section 4 ~ 21% (from 83% 

to 66%) 4 than in the BTL section ~ 8% (from 91% to 84%). A greater number of BTL students 

were able to exercise critical thinking skills than the other section, likely because the BTL 

students had previously been exposed to these types of problems during the in-class activities 

and homework. This finding suggests that although the two collaborative learning formats may 

not significantly impact students9 problem-solving skills, they can distinctly influence students9 

knowledge comprehension and deep learning of the course content. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (A) The average quiz score of the BTL and PBL sections. The solid bar represents the 

total score of the mandatory problems focusing on two cognitive levels (Remember and Apply). 

The patterned bar denotes the total score of all problems (mandatory and bonus problems) at five 

cognitive levels (Remember, Understand, Apply, Analyze, and Evaluate). (B) Percentage of 

students in the BTL and PBL sections who received either partial or full credit in the modified 

problems (Understand, Analyze, and Evaluate). * represents a significant difference at 95% 

confidence (p < 0.05). 

 

Exam 

The final exam was comprehensive, consisting of problems on various topics covered over the 

duration of the semester, including viscous flow in pipes. Since the final exam was scheduled on 

a different day for each section, the exam problems (all at the Apply level) were different but 

designed to be at a similar difficulty level. The average score of the problem(s) covering the 

focused topic was compared and has been shown in Figure 4. There is no significant difference 

between the exam scores of the two student sections. This finding is consistent with the result of 

the formative assessment (Figure 3A). Both active learning modes appear to promote students9 

problem-solving skills similarly. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The average score of the final exam problem(s) on the viscous flow in pipes of the 

BTL and PBL sections.  
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In the future, a questionnaire primarily focused on the curiosity dimension [13], one of the 

entrepreneurial mindsets based on the Kern Engineering Entrepreneurial Network (KEEN) 

framework [14] and other related categories, including connection, creating value, engineering 

thought and action, collaboration, communication, and character will be developed and given to 

students before and after the semester. Our preliminary study suggests that the changes in 

students9 mindsets in most categories are greater in the PBL section compared to the BTL 

section (data not shown). However, a further thorough analysis will need to be conducted to 

make generalized claims. 

 

Limitations 

The two class sections analyzed in this study were taught by two different instructors. While both 

have similar education backgrounds, use almost identical lecture notes, and designed 

assessments to be at the same difficulty level, there are inherent differences in lecture delivery 

styles, teaching philosophies, and years of teaching experience, which might have influenced the 

results. Secondly, the homework and take-home quiz were graded by a different undergraduate 

grader for each section while exams and in-class activities were graded by the respective 

graduate teaching assistants for each section. While each of them followed detailed grading 

rubrics provided by the instructors, personal grading philosophies (such as taking the time to 

comprehend the reasoning behind and allocate appropriate credit for partially correct answers or 

being more/less liberal with partial credit) could have influenced the outcomes of the study. Due 

to departmental logistical limitations, it is currently not possible to have the same grader for each 

assignment across multiple sections. Further, the innovations were implemented in one out of the 

nine chapters covered in this course, which led to limited results and the inability to glean 

general trends across assessments covering all the course content.  Additionally, the number of 

students in each group for the project in the PBL section and the number of students in each 

group for the in-class assignments in the BTL section were not pre-designed by the instructors to 

be the same. To elaborate, these groups varied from two to four students in the BTL section and 

differed across each activity depending on which table students decided to sit at on a particular 

lecture day, while the students in the PBL section typically worked with the same members (4 

students/team) for all ICAs  

 

Conclusion 

This study assesses how two collaborative active learning strategies - Bloom9s Taxonomy-based 

learning (BTL) and project-based learning (PBL) 3 affect students9 performance in an 

undergraduate Fluid Mechanics course. In the BTL class, students were exposed to small-group 

in-class activities and assignments that helped promote their learning in cognitive levels (i.e., 

Understand, Analyze, and Evaluate) beyond typical problem-solving skills. In the PBL class, 

students were assigned a semester-long team project that required them to work on open-ended, 

real-world, and entrepreneurially-minded learning problems. Overall, students in both sections 

had statistically similar performance in Apply level problems in the formative and summative 

assessments. However, a greater number of BTL students performed better in problems at higher 

cognitive levels, where critical thinking skills are needed. These findings suggest that these 

active learning strategies effectively promote student learning and problem-solving abilities. 

However, additional student learning outcomes, such as critical thinking skills and 



entrepreneurial mindsets, could be correlated with the types of assignments and activities 

administered in the class. Instructors may choose to design a course with combined active 

learning strategies to optimally achieve multiple learning outcomes. 
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Appendix A 3 Example of Formative Assessment (Quiz) covering problems at five Bloom9s 

Taxonomy categories 
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