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Abstract - The traditional lecture method of teaching in which students listen and take notes as an instructor 

speaks in person is hundreds of years old. However, with advances in internet accessand digital media, more 

efficient ways of teaching were developed; the flipped classroom being one method. This article answers the 

following question: why would instructorsconsider conducting flipped classroom strategies within their 

mechanical engineering classes?And what are the expected benefits of adopting such method? Three mechanical 

engineering courses were studied in terms of their levels of learning goals, their traditional methods of delivery, 

their assessment tools, and the targeted engineering skills to be developed. The courses are selected such that 

they reflect varying cognitive levels, a wide range of engineering skills, and different class sizes for 

providingaqualitative comparison. The courses are Dynamics, Industrial Ergonomics and Advanced Materials 

Engineering.In-depth monitoring of the students’ engagement and participation as well as tracking their progress 

are crucial for implementing this method.  

 

 

I. INTRODUCTION 

 

Assessing students’ performance in engineering 

courses mainly corresponds to problem solving or 

demonstrating their design skills, which require 

dedicating most of the class time for practice. 

However, deep understanding of the concepts is a 

crucial keystone before attempting practice problems. 

Hence, the Flipped Classroom approach was adopted 

by many engineering schools as a means of 

enhancing active learning [1] and engaging the 

students in student-centered activities in class, while 

encouraging self-learning ofthe main concepts 

outside the classroom borders. Custom electronic 

media are generally employed for that purpose. 

Considerable advantages of this approach were 

experienced in terms of the amount of material 

covered [2] as well as student performance compared 

to conventional lecture delivery methods. 

 

Laboratory practice of an Introductory Mechanical 

Design course involved application of the design 

skills, whereas the concepts of CAD modelling were 

introduced via video lectures beforehand [3]. Another 

experience in Machine Design course in the 

Mechanical Engineering discipline utilized wiki 

platform in delivering the pre-class content, while 

student in-face engagement included group activities, 

which improvedtheir interaction [4].  

 

Flipped instruction was also attempted in a core 

mechanical engineering course, Heat Transfer [5]. In-

class activities involved real world case studies, 

which enhanced students’ judgment and provided 

them with confidence in terms of critical thinking. 

Comparing the flipped approach versus traditional 

approach both conducted by the same instructor of 

Dynamics of Structures course, showed a positive 

impact in favour of the flipped approach, although 

grade elevation was statically insignificant [6].The 

flipped classroom methodology was applied in the 

Chemical Engineering discipline, by providing study 

materialsfor the concepts ofone of the core courses, 

Transport Phenomena. A boost in student motivation 

was experienced [7]. 

 

Challenges may arise in general freshman 

engineering courses with a large number of enrolled 

students of diverse mathematical backgrounds. 

Calculus, Numerical Methods, Finite Mathematics 

and Statistics are examples of these courses. A pilot 

flipped classroom was assessed in a Calculus course 

by quantitatively analyzing the course data, which 

showed a promising trend [8]. A controlled quasi-

experimental study was conducted on Numerical 

Methods course, where assessments included 

comparing scores and model eliciting [9]. The flipped 

methodology did not prove considerable advantages 

over traditional learning in Finite Mathematics course 

[10]. However, grade observations showed a positive 

impact of the flipped approach in Statistics course 

[11]. 

 

Assessing the effectiveness of the flipped-classroom 

approach included questionnaires [4-6] 

whichgenerally showed students’ satisfaction. While 

informal discussions yielded a varying student 

feedback [8], exam and quiz scores were used as the 

main source of assessing the benefits of the new 

approach. Students of a flipped classroom out-

performed students of traditional classes in core 

mechanical engineering courses [5]. However, there 

was no impact on pre- and post- exam scores in 

mathematics [10], whereas, scores were slightly 
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higher and students could adapt to the new 

methodology after an initial period of dissatisfaction 

in upper-division engineering courses [2]. Despite the 

students’ dissatisfaction with the flipped approach in 

Statistics, their grades were elevated proving the 

efficiency of this methodology [11]. Other tools of 

assessment; Q methodology, a measure of 

subjectivity, was employed to measure the student’s 

satisfaction with the flipped methodology in a 

fundamental Physics course [12]. Students’ reviews 

showed two distinct approaches; the first one was the 

consensus, representing “Active Learners” who 

provided a positive feedback, while the other revealed 

passive “Unprepared Tradionalists”. 

 

II. METHODOLOGY  

 

Mechanical engineering courses are designed such 

that their learning outcomes would implicitly satisfy 

the Bloom’s Taxonomy [13], where educational goals 

are categorized corresponding to the development of 

abilities and skills of students. According to Bloom’s 

Taxonomy model, the hierarchically arranged 

categories are: Remember, Understand, Apply, 

Analyze, Evaluate, and Create. 

 

In this work, flipped classroom methodology is 

proposed for three mechanical engineering courses, 

with varying numbers of student enrollment and, 

most importantly, varying levels of educational 

learning objectives according to Bloom’s taxonomy 

model. The courses are Dynamics, Industrial 

Ergonomics and Advanced Materials Engineering. 

Mechanical engineering students typically enroll 

inDynamics course in their second year of 

studies.The average Dynamics class size is 80-100 

students in the Ontario Tech University, where this 

study is conducted. Industrial Ergonomics is a third 

year coursewith large class size (80-100). Advanced 

Materials Engineering(class size 40-60) is anexample 

of advanced forth year courses. The characteristics of 

theaforementionedcourses and how they are 

pedagogically mappedare detailed below. 

 

Dynamics 

Students in this course are required to understand a 

problem or idea in depth, such thatthey can apply the 

concepts they learned to a real life scenario.This 

includes design of mechanical equipment that satisfy 

performance specifications, while maintaining their 

stability and safety. The course combines levels 2 and 

3 in Bloom’s Taxonomy. Verbs to use in these two 

stages of Bloom’s taxonomy include explain, apply, 

demonstrate, predict, solve or use. 

 

Industrial Ergonomics 

This is a senior engineering course where students are 

expected to reach a higher level of the learning in 

Bloom’s taxonomy, Level 4: namely Analyzing. In 

this course, students should be able to connect ideas 

andemploy critical thinking. On achieving this level 

of Bloom’s taxonomy, students can demonstrate that 

they fully understand the material on the whole, in 

addition to analyzing its components. The course 

involves anatomical and physiological factors 

underlying the design of equipment and work 

places;biomechanical factors governing physical 

workload and motor performance; as well as 

measurement and specification of heat, light and 

sound levels with respect to the design of workplaces. 

Key verbs for demonstrating this level include 

analyze, compare, contrast, differentiate, examine, 

experiment and test. 

 

Advanced Materials Engineering 

Another senior course at Level 5: Evaluating, 

according to Bloom’s Taxonomy. Here is where the 

student makes a scientific-basedjudgment using the 

concepts theyhave learned, applied and analyzed, to 

be able to differentiate between fact and opinions. 

Methodology of materials selection and evaluation of 

property data are the core of this course. . This could 

include finding an effective solution to a problem, or 

justifying a specific selection and being able to 

support that justification with knowledge. Appraise, 

conclude, evaluate, support and summarize are all 

good verbs to use in this level learning.  

 

Three selected topics were introduced in flipped 

classroom module in each of Dynamics, Industrial 

Ergonomics and Advanced Materials Engineering 

classes as preliminary trials. Modes of delivery 

ranged from video-recorded public lectures, reading 

material or video tutorials provided by the textbook 

publisher. Formative assessments were performed 

during each of the 3 classes 2-3 days after the 

material was made available on media. Students 

worked in groups during class hours in solving 

problems and reaching conclusions, whereas 

feedback questionnaires were completed by students 

after each of the three classes, in order to track the 

degree of success of implementing the new 

methodology. Students were asked to respond to 

8questions identical to those posed by Das and Sarkar 

[14]. The questions and the feedback are shown in 

Graphs 1-3 in the next section.  Classwork activities 

were designed to pertain with the nature of the course 

being considered. In Advanced Materials Engineering 

course, students were required to calculate design 

specifications and mechanical properties of a part 

made up of composite materials. The activity 

challenged their in-depth understanding of the 

properties of the material and how its mechanical 

behavior can be predicted. For the Industrial 

Ergonomics course, the classwork activity involved 

analysis of the probability of failure of an industrial 

system, given basic data and information regarding 

the system components. Dynamics course activity 

adhered to solving basic problems that measures their 

understanding of fundamental concepts. 
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III. DISCUSSION 

 

Generally, consensus was in favour of the new 

methodology. Reasonable portion of the student 

population encouraged conducting more classes in 

flipped classroom module. However, in-person 

discussions with students revealed that students at the 

senior level were adapted in an easier manner than 

those at the junior level,e.g. second year students of 

Dynamics.Students showed more understanding of 

the process and willingness to conduct self-study in 

third and fourth year courses, which reflects further 

pedagogical development likely expected at this 

level. Students of Dynamics class, despite encouraged 

to solve problems on their own providing a better 

practice, had more tendency towards listening to 

detailed explanation in class rather than practicing. 

In all courses, the majority of the students agreed that 

pre-reading material were relative to the topic and 

available to students before class. They also agreed 

that the the classroom arrangements were conductive 

for flipped classroom activity and the session was 

helpful and productive. Lastly, the majority agreed 

that the instructor was able to provide clarifications 

on concepts during the activity; this is claimed to be 

one of the benefits of flipped classroom method. With 

much time spent before class on learning the basics of 

a given topic, students can use class time to receive 

clarification on various concepts and fill knowledge 

gaps as opposed to receiving an introduction to the 

topic, which could create knowledge gaps only after 

the lecture is over when students practice on their 

own. Students’ responses varied among the various 

courses regarding the idea of having more classes run 

using the flipped classroom technique. It is noticed in 

Figures 1-3 that the second- and third-year students of 

the course Dynamics and Industrial Ergonomics seem 

to be in favor of having more lectures of this new 

style while fourth-year students show less interest 

towards application of this method in more classes. It 

must be noted that even at the lowest level of interest 

among Advance Material Engineering classroom, the 

students' opinions seem to be more varied rather than 

the majority having a negative opinion: 

approximately one-thirds of students agree with 

application of this technique in more classrooms, one-

thirds disagree and the rest having neutral opinions.  

Students responses varied among the various courses 

regarding the time allocated for the flipped classroom 

activities, although in all classes the number of 

students who agreed that the time was adequate was 

larger. Industrial Ergonomics course had the largest 

percentage of students who agreed that the time 

allocated for the activities was adequate. This was 

followed by the Dynamics class students and the 

Advanced Material Engineering. This may explain 

why the students of Advanced Material Engineering 

are less in favor of the idea of having more classes 

run using the flipped classroom technique.   The 

category showing the largest number of students 

having neutral opinions was related to inspiration to 

reading more about the topic. Further analysis need to 

be conducted to argue if this is subject to students or 

the way the lecture was run. However, perhaps more 

focus on flipped classroom activities to stimulate 

students’' curiosity is worth examination. It is worth 

mentioning that in all courses, among students who 

did have a positive or negative opinion, the number of 

students who were inspired to read more on the topic 

was larger. 

 

 
Figure 1 

 
Figure 2 
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Figure 3 

 
IV. CONCLUSION 

 

Preliminary trials of adopting the flipped classroom 

module in Mechanical Engineering courses showed a 

reasonable potential of success. Devoting the class 

time for practice and discussing real industrial 

problems based on the delivered concepts have 

positively affected the students’ learning experience 

and developed their self-learning skills. Smaller-size 

classes (e.g., Advanced Material Engineering course) 

allowed for better control over the session, and 

provided more time for reflection and discussions. 

Senior level courses were more prepared to adapt to 

the new methodology. 
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