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Abstract 

The study of Acoustics has been of relative discussion dating back to the 6th century. 

Since then, the topic has expanded into different fields and degrees of complexity. Topics such 

as wave phenomena, ultrasonics in medical science, effects on architecture, and 

SONAR/underwater applications are presently being studied and applied in today’s world. 

Seeing the glimpse of modern-day topics within acoustics, the study of acoustics itself continues 

to become more prominent as society grows, gets louder, and technology advances. With this, 

Worcester Polytechnic Institute (WPI) does not have a course on acoustics, hence the creation of 

this project. Therefore, the end goal of this project was to create a foundation for a course that 

professors, like our advisor, would be able to teach. In completing this goal, the student team 

researched topics within acoustics following an ideation exercise to determine what was to be 

included in this project. Once the research on a topic was complete, the student team 

collaborated to create course material that applied the teaching methods the team researched and 

believed in. Hence, course material was created via lecture slide decks, electronic modeling 

applications and examples, and live demonstrations to assist in the conceptualization of topics.  
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1.0 Introduction 

1.1 Overview 

This research project’s purpose is to create a widely adaptable course that will introduce 

acoustic studies into the mechanical engineering department at Worcester Polytechnic Institute 

(WPI). The group created a course that can be altered and taught by any professor 

knowledgeable in acoustics leaving room for personal knowledge and experiences to be 

incorporated into the course.  

This MQP went through multiple iterations throughout the academic year. Planning the 

best course of action to deliver information clearly and concisely was an overarching challenge 

that caused the group to have to rework the course layout. While the initial plan was to have 

lectures be created completely by the end of the first semester, then finalized in the second, the 

group rerouted and restructured lectures to implement teaching methods proven to enhance 

students understanding of topics presented.  

Through researching mechanical engineering programs at alternative universities, it was 

discovered that acoustics was taught at a variety of them. Therefore, the implementation of this 

course may enhance students' understanding of mechanical engineering, but also diversify WPI’s 

mechanical engineering department. Moreover, the primary objective of this project was to 

create an acoustic course that will: 

1. Provide students with introductory information about acoustic science. 

2. Create a course that conveys information clearly and efficiently. 

3. Incorporate real-world examples and lab opportunities that will enhance students' 

ability to apply information in the workforce. 

4. Allow professors the flexibility to tailor this course to their own experiences and 

knowledge. 

1.2 Objectives 

At the beginning of the project, the group created a “global map”. This allowed us to 

build lectures based on topics. In turn, our first design method iteration of a course layout was 

created. Overtime, however, it lacked lecture structure and did not focus on building knowledge 

throughout the course. Initial slide deck creations did not have a cohesive theme, and the content 

did not build from lecture to lecture. Despite its downfalls, the first course layout was helpful in 

determining our course structure of three lectures and one lab per week. 



 

 

Figure 1: Initial Course Layout 

In time, the course structure from Figure 1 was reworked based on the teaching 

methodologies that will be explained in detail in Section 2.2. Through the application of teaching 

methods involving multiple forms of information delivery, all students in the classroom can be 

reached. Therefore, our final course layout is shown below. Section 4.0 describes in depth the 

purpose of the final course design, and the application of the teaching methodologies. 



 

 

Figure 2: Final Course Layout 



2.0 Background  

2.1 History of Acoustics  

In 6th century BC, the Greek philosopher Pythagoras experimented with properties of 

vibrating strings.1 These experiments ultimately lead to the tuning system in musical instruments, 

as well as awarded Pythagoras to being the origin of acoustic science. In 4th century BC, 

Aristotle hypothesized sound wave propagation in air.2 He based this greatly on philosophy 

opposed to experimental physics. He additionally hypothesized that high-frequency waves 

propagate faster than low frequencies, which was later determined to be incorrect. However, this 

false hypothesis persisted until 1st century BC. The Roman architectural engineer Vitruvius 

determined the correct mechanism for sound wave transmission through his design of theatres. In 

6th century AD, Boethius, a Roman philosopher, suggested the human perception of pitch and 

frequency, based on the documentation of ideas relating science to music.3  

Galileo elevated acoustic science in the 15th century to a modern study of sound waves in 

acoustics. He introduced the correlation between pitch and frequency of the sound source and 

created a foundation for mathematician Marin Mersenne. Mersenne studied the vibration of 

stretched strings and created the three Mersenne’s laws which provided the basis for modern 

musical acoustics. The three laws summarized state: 

1. Longer strings play lower notes and shorter strings play higher notes. 

2. Strings that are looser play lower notes. 

3. Heavier strings play lower notes, while lighter strings play higher notes.4 

Later in the 15th century, English physicist, Robert Hook produced the first sound wave 

of known frequency using a rotating cog wheel as a measuring device. This was the beginning of 

simple harmonic motion.5 

2.2 Teaching Methods 

To effectively create a course, one must first identify the desired outcomes that students 

must fulfill. This is done to achieve the overall goal of an effective course, which is to present 

knowledge clearly, and concisely with multiple delivery methods. With this, students can begin 

to develop characteristics that include:6 

 
1 “Acoustics | Definition, Physics, & Facts | Britannica,” n.d., para. 5, https://www.britannica.com/science/acoustics. 
2 “Acoustics | Definition, Physics, & Facts | Britannica,” para. 5. 
3 “Acoustics | Definition, Physics, & Facts | Britannica,” para. 5. 
4 “Sound - Overtones, Frequency, Wavelength | Britannica,” n.d., para. 5, 

https://www.britannica.com/science/sound-physics/Overtones. 
5 “Acoustics | Definition, Physics, & Facts | Britannica,” para. 6. 
6 Eric Forcael, Gonzalo Garcés, and Francisco Orozco, “Relationship Between Professional Competencies Required 

by Engineering Students According to ABET and CDIO and Teaching–Learning Techniques,” IEEE Transactions 

on Education 65, no. 1 (February 2022): 46–55, https://doi.org/10.1109/TE.2021.3086766. 



- Understanding the societal responsibility of their actions. 

- Behaving under high ethical precepts. 

- Being committed, autonomous, and reliable. 

- Having the necessary competencies to use, transform, and create technology. 

- Working effectively in teams. 

- Updating themselves in terms of current engineering problems and continuously learning 

in the long term. 

- Knowing how to communicate efficiently. 

- Having negotiation and decision-making skills. 

- Incorporating the attitude toward service in the engineering profession, among other 

characteristics. 

Forcael et al. explains the relationship of professional competencies required by 

engineering students according to the Accreditation Board of Engineering and Technology 

(ABET) outcomes, the Concept-Design-Integration-Operation (CDIO) syllabus, and teaching-

learning techniques.7 This project’s course has taken the CDIO syllabus method to determine the 

learning techniques that are applied. The CDIO syllabus method is divided into “syllabus levels” 

which target four unique aspects of learning that are dispersed throughout the entirety of this 

project’s course. The specific aspects of learning that the syllabus levels cover are as follows: 

- Syllabus Level 1 (SL1): Fundamental Knowledge 

- Syllabus Level 2 (SL2): Personal and Professional Skills 

- Syllabus Level 3 (SL3): Interpersonal Skills 

- Syllabus Level 4 (SL4): Application of Knowledge 

Table 1 below depicts the summarized student syllabus levels of the CDIO syllabus 

teaching method.  

 

 

 

 

 

 

 

 

 
7 Forcael, Garcés, and Orozco, para. 10. 



Table 1. Description of Syllabus Levels of the CDIO syllabus8 

Descriptions of Syllabus Levels (SL) of CDIO syllabus 

SL1 

Disciplinary knowledge and reasoning 

Knowledge of underlying mathematics and science 

Core fundamental knowledge of engineering 

Advanced engineering fundamental knowledge, methods, and 

tools 

SL2 

Personal and professional skills and attributes 

Analytical reasoning and problem solving 

Experimentation, investigation, and knowledge discovery 

System thinking 

Attitudes, thought, and learning 

Ethics, equity, and other responsibilities 

SL3 

Interpersonal skills: teamwork and communication 

Teamwork and communication 

Communications in foreign languages 

SL4 

Conceiving, designing, implementing, and operating systems 

in the enterprise, social and environmental context 

External, societal, and environmental context 

Enterprise and business context 

Conceiving, systems engineering, and management 

Designing, implementing, and operating systems 

 

 
8 Forcael, Garcés, and Orozco, para. 14. 



Reviewing Table 1, it is observed that, through following the CDIO syllabus, a course 

can be structured to help students develop in a variety of areas. To this point, we used multiple 

learning techniques, covering the key components of each syllabus level described in Table 1, to 

produce this project’s course. Therefore, the CDIO syllabus is addressed throughout the course 

overall, while the developed lecture slide decks themselves follow a philosophy that aids in 

fulfilling the CDIO syllabus.   

Each lecture slide deck created in this course follows what Domizio refers to as a “good 

lecture”. In “Giving a Good Lecture”, Domizio explains preparation and structure are key to the 

delivery of a quality lecture. First, the lecture topics need to be conceptually delivered to the 

student. From here, the foundational math concepts can be implemented, leading to the final step 

of a good lecture, where the conceptual and math concepts are applied to real-world problems.9 

Below, Figure 3 shows how the individual lecture slide decks were structured to follow the good 

lecture format explained by Domizio.  

 

Figure 3: Ideal Structure of Balanced Lecture Slides 

From Figure 3, it is observed how lectures should build both within themselves and 

throughout the course. Beginning with the standalone conceptual boxes, these represent the 

beginnings of individual topics, and the opening course slides as well. In this way, information is 

presented to illustrate phenomena that will be explored in greater detail. As time progresses, the 

material being covered will begin to grow in complexity, as Figure 3 illustrates. Through proper 

execution, students will therefore experience high quality individual lectures, and feel a flow as 

the course transitions between lecture topics.  

 
9 Paola Domizio, “Giving a Good Lecture,” Diagnostic Histopathology 14, no. 6 (June 1, 2008): 284–88, 

https://doi.org/10.1016/j.mpdhp.2008.04.004. 



Alongside the structure of a lecture, Domizio explains that engagement is a key aspect of 

a successful lecture, and in turn a fully developed course. Domizio explains “good learning 

outcomes are achieved by active engagement with the learning process.”10 Therefore, optimizing 

engagement in the classroom setting can be achieved through professor-student interactions, 

applying the knowledge being learned, and with in-class demonstrations. Hence, in class 

demonstrations have also been incorporated throughout this course to improve the student 

learning outcome.  

Understanding the philosophy to a “good lecture”, this project’s course applies broader 

learning-teaching techniques over the entirety of the course as well. These techniques are 

Project-Based Learning, Flipped Classroom, and Simulation. Each of these techniques 

incorporates the individual lecture philosophy explained by Domizio, but more importantly 

addresses the CDIO syllabus levels introduced earlier. Table 2 below illustrates each learning 

technique and the syllabus level/levels it fulfills. 

Table 2. Link Between Learning-Teaching Techniques and the CDIO Syllabus Levels11 

Learning-Teaching Techniques SL1 SL2 SL3 SL4 

Project-Based Learning 
 

         

Flipped Classroom          
 

Simulation             

In detail, project-based learning is targeted in our 5th lecture topic/series, where students 

take their newly developed knowledge of general acoustics and develop a class lecture on 

another topic within it. Through a flipped classroom, students are encouraged to review lecture 

slides before class. This leaves opportunity for professors to assign outside work to survey the 

student's understanding of what concepts need additional attention and time during the class 

period. Simulation, the only learning technique that targets all four syllabus levels, allows 

students to practice the knowledge they learn in lectures, and will be used throughout this course. 

This is done through MATLAB simulations, that will be presented in tandem with the lecture 

material.  

 
10 Domizio, 284. 
11 Forcael, Garcés, and Orozco, “Relationship Between Professional Competencies Required by Engineering 

Students According to ABET and CDIO and Teaching–Learning Techniques,” para. 30. 



It should be noted that no assessment methods were mentioned in this teaching method. 

This allows individual professors to have adaptability in their courses, and choose their own 

respective method of assessment or grading. 

2.3 MATLAB Modeling 

 The software MATLAB was chosen to be the modeling platform used within this course. 

After exploring different options, we chose MATLAB because of its accessibility to students as a 

free and WPI supported software, familiarity to the project team, and presumed knowledge 

students will possess as other WPI courses use this software. The specific modeling 

environments used when modeling were Simulink and Simscape, both integrated within 

MATLAB. There are some distinct differences between the Simulink and Simscape 

environments in MATLAB. According to MATLAB “Simulink is a block diagram environment 

used to design systems with multidomain models, simulate…, and deploy without writing 

code.”12 More specifically, Simulink is for Model-Based Design, where complex systems are 

broken down and sub-models are systematically used through the entire process. This provides 

versatility for a user to generate, test, and redevelop models early and often.13 In the scope of this 

project, Simulink generally appears as electrical components and appears as blue components in 

the modeling window, like the example in Figure 4 below.  

 

Figure 4: Example of Simulink Modeling for a Portion of a Loudspeaker 

 Simscape varies slightly from Simulink, however. This is because Simscape is part of the 

Simulink environment within MATLAB. Specifically, “Simscape enables [a user] to rapidly 

create models of physical systems within the Simulink environment.”14 The components within 

 
12 MATLAB, “Simulink - Simulation and Model-Based Design,” n.d., para. 1, 

https://www.mathworks.com/products/simulink.html. 
13 MATLAB, para. 2. 
14 MATLAB, “Simscape,” n.d., para. 1, https://www.mathworks.com/products/simscape.html. 



Simscape can be directly integrated with the block diagrams of Simulink via converters within 

the modeling environment.15 Additionally, Simscape enables a user to create a stand-alone mirror 

model of a Simulink block-model but using the applicable physical systems instead. An example 

of this is shown in Figure 5 below, where the spring-mass system was created in both the 

Simulink and Simscape domains.  

 

 

Figure 5: Spring-Mass System Example for Simscape and Simulink16 

 Through the application of MATLAB Modeling, students can create and simulate 

acoustic phenomena within models they create. In turn, students become familiar with an 

accessible and powerful free to use software. Furthermore, modeling applications within a course 

takes the students out of remote memorization of information and provides an opportunity for 

students to apply concepts learned. In turn, depth is fostered within a course structure. Finally, 

MATLAB modeling with Simulink and Simscape is simple to use through drag and drop 

components from a library of different applications. The user interface of the software provides a 

practical and easy to learn experience, making it worthwhile for users of all technical 

backgrounds. 

 

 

 
15 MATLAB, para. 1. 
16 MATLAB, para. 3. 



3.0 Methods 

 Within this project’s timeline, we went through 3 different design method iteration 

processes to complete it. Each design method iteration varied in the work being completed, how 

each team member was used, and project productivity. 

3.1 Design Method - Iteration One 

 Design Method Iteration One began prior to the first advisor meeting of the project. 

Within this iteration, the student team members created a plan that we believed would optimize 

our working hours and help us deliver the best material we could. Specifically, Design Method 

Iteration One had 3 phases: Research, Compile and Review, and Finalize. Each of the phases is 

expanded below.  

3.1.1 Research Phase 

 The student team initially believed in a plan that would allow for the first quarter of the 

project to be dedicated primarily to researching the topic of acoustics. The belief was that 

through a quarter of research, the team could deliver the researched material in a concrete and 

easy to understand fashion. Part of the reason to establish this phase of the project was due to 

most team members being new to the topic of acoustics. By the end of the first quarter, we 

believed that all team members would have obtained a working knowledge of the topics we 

wished to cover in detail within this course.   

3.1.2 Compile and Review Phase 

 The Compile and Review Phase was projected to take up the middle 1/3 of the project. 

Within this phase, team members would have worked together to turn the researched material 

into digestible lecture slides to be used in class. We presumed that the information researched 

within the first quarter of the project would not have been the same among all team members. 

Therefore, the team planned to have lecture review meetings both alone and with the project 

advisor. During these meetings, lectures would be reviewed from beginning to end. That way 

any gaps and/or misleading/confusing information could be confronted, discussed, and reviewed. 

Ultimately, the compiling phase would have been the most labor-intensive portion of the project 

since team members would have been editing the current lecture in review, while drafting the 

future lectures simultaneously.  

3.1.3 Finalize Phase 

 In this final phase of Design Method Iteration One, the team would have been looking 

over all material, constructing all complete deliverables, and with extra time, creating 

demonstrations to assist the lecture material. The timeline of this phase would have begun after 

the Compile and Review Phase and ended with project submission. The belief was that all 

lectures would be given a polishing period to make sure the desired flow of the course was 



achieved. With enough dedication and work on the front end, the finalization phase would not 

have weighed much on the team, we believed. 

3.2 Design Method - Iteration Two  

 Following our first advisor meeting, the team was directed to explore an alternative 

design method iteration process. The new iteration idea split the project timeline into two phases: 

Hardware Development and Hardware Review. 

3.2.1 Hardware Development 

 Prior to any research of material, we explored how other schools delivered their version 

of “Introduction to Acoustics”. We eventually came together and, as a team, combed through the 

information gathered from Massachusetts Institute of Technology (MIT), Georgia Tech, and 

Penn. State. Specifically, we discovered some textbooks used, the course level at the respective 

schools, and the material covered via syllabi. The conclusion from this exercise was that 

introductory acoustics was often a higher-level course in undergraduate studies, or a beginning 

level graduate course. Once we had an idea of what level information was delivered at, we 

decided to structure the course to meet a medium to high-level undergraduate course.  

 After addressing the course level, each team member began research into textbooks that 

could be used as the foundation for the material in this course. These textbooks came from online 

searching and reviewal, a folder of sources provided from the project advisor, and 

textbooks/sources team members had previously seen or used. Once a team member was 

satisfied with their sources, it was the task of each member to make a running list of all topics 

covered in their sources. Upon completion of each member’s topic list, we came together and 

devised a master topic list that encompassed similarities between books and topics that we 

wished to cover within this course. This process served as the ideation phase of our project. The 

master topic list was then broken down into the timeline the course would be taught in. This led 

to our proposed 7-week course plan, found below. From here the in-depth research and lecture 

slide (hardware) creation began.  



 

 

Figure 6: Design Iteration Two Ideation 7-Week Plan 

 Within Design Method Iteration Two, the idea was to research and draft lecture slides 

simultaneously. In the earliest lecture creation, all team members created their own version of the 

lecture topic for that week. Then, we collaborated and made a singular presentation that 

encompassed the work of all team members. Soon after, with the guidance of our project advisor, 

we realized that productivity was hindered by all team members researching the same topics. 



Therefore, we devised a plan that divided the team members up into different lecture topics and 

live demonstration work. In this way, while others were researching topics and constructing live 

demonstrations, other team members would be working on the lecture in review and finalizing 

the work done there. Soon after this change of pace, we realized the amount of time a lecture in 

review physically took away from the week and meetings. This left many team members in 

limbo once they completed their research and initial lecture slide drafting. Furthermore, through 

advisory meetings and input we began to deviate heavily from the latter portion of the 7-week 

course plan, Figure 6, initially created and approved at the beginning of the project. Ultimately, 

by the end of the first half of the project, we had created the desired slide decks, and were 

presumed to be ready for review in the second half.  

3.2.2 Hardware Review 

 Beginning in the spring semester, advisory meetings were spent reviewing all created 

material for the project. This meant beginning at Lecture 1, and going slide by slide to make sure 

information was understandable and accurate. Alongside this, the created live demonstrations 

were reviewed, and certain team members were explicitly dedicated to the creation and 

functioning of the live demonstrations. However, soon into the second half of the project, the 

student team members hit a major hurdle. Through meetings and personal work on the project, 

the student team members discovered that the course being created in this project had no linear 

direction and instead appeared to be a bundle of facts about acoustics in no order. It became 

apparent that a change was needed before any more progress was to be made.  

3.3 Design Method - Iteration Three 

 Within this iteration, no structured timeline was set for the team to follow. Instead, we 

addressed the aspects of the course that needed to be improved upon and assigned tasks to 

individuals based on their knowledge and skill set. The areas of improvement were creating 

lecture topic flow, delivering applicable/useful information, and creating a modeling portion of 

the course created within this project. This led to the group being split into two parts, the lecture 

creators, and the modeling creators. Each group had their own specific tasks that contributed to 

the project.  

3.3.1 Lecture Creators 

 Within this group, the primary task was to take the already developed lecture material 

and create a new course flow. In some cases, this led to researched and created material being 

deleted, restructured, simplified, or in the best case left the same. It became apparent to the 

lecture creators that the bulk of the work was on the latter portion of the material created. In this 

respect, during advisory meetings, the overall change in course direction was addressed, but 

material that was reviewed and approved was not addressed again. Furthermore, there were cases 

where lecture creators added information that was previously left out of the lectures created in 



Design Method Iteration Two. Once implemented, this information was reviewed and approved 

during advisory meetings.  

3.3.2 Modeling Creators 

 Modeling was a portion of this course that was initially introduced in an arbitrary fashion. 

Therefore, within Design Method Iteration Three, members of the team were tasked with taking 

the circuitry information delivered in the lecture slides and using software to bring the 

information to life. For this, the model creators chose software that was easy to use and access. 

From there, the modeling creators began researching how to represent the phenomenon the 

lecture creators believed should be modeled. Once an idea was found, it was then the task of the 

model creators to replicate the information they found within their own model. If able to be 

completed, the model creators then made modeling guides in the form of PowerPoints that would 

be supplied for students and professors to follow.  

 Within each of the Design Iterations, the team continued its path towards a final course 

for this project. In going through the different Design Iterations, we learned many valuable 

lessons and were better able to structure the final course layout of this project.  

 

 

 

 

 

 

 

 

 

 

 

 

 



4.0 Final Course Layout and Design 

 The final course layout reflects the shift to Design Method Iteration Three described 

above. Generally, the final course layout mimics the team’s initial plan of a 7-week course with 3 

lectures and 1 lab period a week. The major difference is the division of the course into lecture 

topic blocks, in contrast to individual lecture topics. Resorting to this method allows a professor 

to have fluidity in their teaching design. The accessibility to speed up or slow down lecture 

material delivery can be vital to students’ ability to retain information.  

 

 
Figure 7: Final Course Layout 



 As portrayed in the figure above, the final course layout contains 5 lecture topic blocks, 

one of which is a student research topic. In creating the lecture topics blocks, the team built upon 

the finished material from the hardware development phase of Design Method Iteration Two. 

Within Design Method Iteration Three, the lecture creators collaborated to distinguish and 

organize the material into the 5 topics blocks seen above. Through their understanding of the 

material, the final course lecture topic layout maintains a flow that the course was lacking 

previously. Directing back to Figure 7, the right side of the figure contains the Modeling Topics 

Block of this course. It is separated from the other topics because the modeling topics are 

recommended to be introduced once the topic being modeled has been discussed within the 

lecture material. The discretion of when to implement the modeling exercises is therefore 

directed to the instructor presently teaching the course. In addition, the assessment/examination 

portion of this course is directed toward instructor preference and is not included as a solidified 

element to the final course created in this project.   

4.1 Course Design – Conceptualization and Mathematics 

 The completed lecture slide decks contain all material this project team created to be 

taught within the course structure. The team wanted the lecture slides to illustrate our teaching 

method of conceptualization, math implementation, and then modeling application as described 

in Section 2.2. The first major example of this kind of teaching method is introduced in lecture 

topic 2, specifically with the spring-mass system.  

 

Figure 8: Teaching Method Lecture Slide Illustration 

 Figure 8 alone illustrates the first two portions of our teaching method. Not withholding 

the fact that this course is designed for 2nd to 3rd year students, the lecture slide example above 

conceptually illustrates the spring-mass system through the Free-Body Diagram (FBD) and 

complete system diagram seen to the right of the slide. In addition, the spring-mass system 



phenomenon is conceptually understood through the words on the page, and animation videos 

(not pictured within this report) on the succeeding slide within the deck. Figure 8 upholds the 

second portion of our teaching method through the addition of mathematics to the conceptual 

information. In the figure above, the phenomenon is mathematically explained through the 

application of Hooke’s Law, which is written out and illustrated within the slide. Figure 9 below 

mirrors the introduction of mathematics to conceptual topics more vividly. 

 

Figure 9: Mathematical Introduction to Conceptual Topics 

 The topics of natural period and frequency are respectively discussed within the 

introductory lecture for this course, lecture topic 1. Therefore, on the slide presented in Figure 9, 

the students fundamentally see the mathematics governing the conceptual principles they have 

already been introduced to. Mathematical concepts are built from the ground up within a lecture 

deck. That way the students engaging with the course can work through a slide deck and 

understand where the variables seen in Figure 9 come from, and what the individual variables 

mean. It is our belief that through understanding conceptually, and then applying mathematics, 

students will better grasp the governing principles and phenomena presented within the course.  

 It is important to add that student engagement with the lecture material was a goal we 

tried to achieve throughout all lecture topics. Many of the topics within the acoustic textbooks 

used in the formation of this course contained complex verbiage and descriptions of the topics 

we sought to cover. In turn, it was the goal of this project team to value student engagement by 

turning complex descriptions into digestible material mainly using pictures and animations. In 

this way, the team held tightly to the phrase that “a picture is worth a thousand words”, attributed 

to Fred R. Barnard.  



4.2 Course Design – Application of Material 

 Through being students, the team understood that the final course of this project needed a 

level of material application. Without it, we felt that students would read over information with 

no intention of retaining the material. One method to achieve this goal comes from adding 

questions into the lectures for students to work through.  

 

Figure 10: Example of an Application Lecture Slide 

 From Figure 10 above, students are directly involved in applying the concepts presented 

previously in the slide deck on the spring-mass system. Noting that the answers are shown in the 

figure, these would be hidden from view while presenting, and brought into view through 

animations. Within this example, a student finds themselves applying their knowledge of the 

conceptual FBD introduced earlier, the mathematical equation governing the motion of the 

spring-mass system, and the use of equations to solve for a characteristic of the spring-mass 

system. While the work presented is simple in and of itself, these kinds of exercises aid in lecture 

flow and information retention. 

 In a more complex example, all modeling done within this course is intended to be used 

for applying material learned in lecture. As stated previously, Simscape and Simulink additions 

to the MATLAB software govern where the modeling application was constructed. Each 

modeling topic presented on the right side of Figure 7, has its own step-by-step lecture guide to 

aid the students. For example, sticking with the Spring-Mass System concept, Figure 11 below 

illustrates an opening slide to the modeling deck.  



 

Figure 11: Spring-Mass System Introductory Slide 

 From the slide presented above, students can conceptually see what the entire model they 

will be creating will look like prior to beginning the exercise. The succeeding slides then break 

down each block of the diagram into the name of the block, where the block is located within the 

modeling library, and what the input for the respective block is. Once the model is created and 

the simulation is run, students can then see the application of the topics they have learned 

through the simulation output. For example, in an undamped spring-mass system, the position of 

the mass over time should be a perfect sinusoidal graph; students will have learned this concept 

prior to beginning the modeling exercise. In this fashion, through constructing the model 

prescribed in the modeling lecture, and running the simulation, a student could produce the 

following output.  



 

Figure 12: Application of Material Through Spring-Mass Modeling 

 At this point, the student will have conceptually learned about all parts of the Spring-

Mass System, dealt with and applied the mathematics behind the system, and then observed the 

application of the Spring-Mass System through a modeling exercise. The application exercises 

were also constructed in such a way that the more complex phenomena can also be explored. For 

example, once the student has a working spring-mass system, they can then apply a damper to 

the system and observe what they believe should conceptually happen to the system. Therefore, 

the student is not hindered in their curiosity of the application of the topic presented and can 

observe what the lecture slides conceptually and mathematically attempt to portray.  

 In the end, the final course layout and design provides a simple and easy to use method 

for instructors to follow. While there is guidance on the direction information should flow in, the 

final course layout provides flexibility and personalization for an instructor. Overall, we believe 

the final course layout and design upholds the teaching methods and principles presented earlier 

and will foster student engagement from the beginning to the end. 

4.3 Completed Lecture Topic Breakdown 

 The final course layout is based on 5 main lecture topics, with each lecture topic 

including several related subtopics. The course layout is designed to be delivered over 7 weeks, 

with 3 lectures and 1 lab session each week. The content of these topics are as follows: 

1. Lecture Topic 1 – Introduction to Acoustics 

a. Introduction 

b. History 

c. Terminology 

d. Numerical examples 



e. Basic propagation 

2. Lecture Topic 2 – Oscillations and Waves 

a. Free vibration 

b. Simple harmonic motion 

c. Spring-mass system 

d. Pendulum 

e. Damped oscillations 

f. Forced oscillations 

g. Helmholtz Resonator 

3. Lecture Topic 3 – The Acoustic Wave Equation 

a. Fluid Dynamics Review 

b. One dimensional wave equation derivation 

c. Solving the one-dimensional wave equation 

d. Transmission line equations 

4. Lecture Topic 4 – Analogous Circuits 

a. Mechanical, electrical, and acoustical impedance 

b. Mechanical, electrical, and acoustical components 

c. Analogous circuits 

5. Lecture Topic 5 – Student Selected Topics in Acoustics 

a. Psychoacoustics 

b. Room design for loudspeaker listening 

c. Auditorium acoustics 

d. Vibro-acoustics 

e. Electrostatic loudspeakers 

f. Etc. 

6. Modeling Topics - using simscape to model Mechanoacoustic circuits 

a. Basic spring-mass system 

b. Loudspeaker 

c. Loudspeaker in an enclosure 

Lecture topics one through four are designed to be delivered in a standard lecture style, 

with modeling topics being introduced to provide application of course material. These modeling 

topics, along with supplementary live demonstrations, are meant to be introduced during the lab 

sessions. The last topic, lecture topic 5, is designed to be a student designed topic. In this section 

of the course, students will form small groups which are meant to research a related topic to 

something they’ve learned in class. This will allow students to expand their understanding of 

previous course material and give them the opportunity to learn a topic in acoustics they want to 

explore. 

The choice of lecture topic structure was made to provide fluidity in course delivery. In 

the previous iteration of the course structure, the lectures were based on subtopics meant to be 



delivered at a specific time during the 7-week period (Day 5 being X subtopic for example). 

Removing when the subtopics should be delivered and instead creating a generalized timing for 

larger topic groups allows the instructor to move the course at the pace of the class (week 1 

should cover X, Y, and Z subtopics for example). This way if the class is struggling with a 

certain topic, more time can be allotted to that topic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5.0 Improvements for Future Iterations 

 In the creation of this course, the team understood that not all material related to the 

introductory topic of acoustics would be possible to cover. Therefore, it is our hope that in future 

iterations of this project, students will build on this framework with new and more in-depth 

information. Specifically, there are subtopics to the phenomena presented in this course that a 

future project team could add to their version of the course presented in this project. In this way, 

the course would gain another layer of depth within the topic of acoustics, providing students 

with a more comprehensive introduction to acoustics. Additionally, the team proposes expanding 

the lab/live demonstration portion of our final course within future iterations. We believe that the 

labs and live demonstrations make learning inherently more fun and provide a direct application 

of topics learned in class for the students. Building from the current course, a future team may 

seek to add more complex examples or simulations within the modeling software. Furthermore, 

there are acoustic topics not presently demonstrated in a live model within this course. 

Introducing more live demonstrations of acoustic phenomena would better help students to 

visualize the versatility the topic of acoustics has. This could be completed in tandem with the 

addition of the deeper fundamental acoustic topics not covered within this course, therefore 

maintaining the idea of presenting a topic conceptually before application of the topic is 

completed. 

 In conjunction with improving the depth of the course, a future iteration could pertain to 

the mathematic concepts not deeply covered within this course. Mathematics is integrated into 

the final course design of this project to explain and/or illustrate the more fundamental topics 

related to acoustics. However, the team discovered early on and began working through more 

complex math not included in our project’s final scope. One such example of math 

improvements could be the use of complex variables related to the governing properties of waves 

and acoustic characteristics. Most textbooks used in this course’s formation introduced complex 

variables to simplify the mathematical concepts and application. From there, the textbooks were 

better able to present and work through mathematical concepts and examples. In a future project, 

through introducing complex math from the ground up like the textbooks used, a student team 

may discover an additional mathematical layer this course is not currently supporting.  

  These improvements for future iterations are a starting point for a future team. It is our 

hope that a future team will be inspired by the foundation we have built and will use their own 

creativity and ingenuity to improve what is presented within this project.  

 

 



6.0 Broader Impacts 

 As with all project work, the creation of this course has a broader impact than just this 

project. Each topic of broader impact is expanded on below. It is important to note, however, that 

broader impacts related to Societal and Global, Environmental, and Economic Impact were not 

considered in the formation of this project.  

6.1 Engineering Ethics/Codes and Standards 

 Ethically, the information within the final course design presented in this project were not 

fundamental ideas created by the team or the advisor. All information was taken from textbooks 

and online academic sources. Furthermore, the modeling and live demonstrations presented 

within this course were created from other examples found online and through video searches. 

Because of this, the team does not claim that any academic information from the course is of our 

own discovery. Instead, the team formulated the researched information into our own structural 

design, upholding the codes and standards to give credit where credit is due for the information 

presented. In addition, the final course developed within this project reflects the level of 

understanding the project team had throughout the course development. With this, certain topics 

introduced within research readings were not included in the final course as the team did not 

have a grasp on the material. Therefore, the course reflects the team members’ competence 

within the topic of interest.  

 Creating this course ethically also required that the team members looked beyond 

ourselves. Throughout this project, we strived to create course material that would benefit the 

greater student body. In doing so, we believed in eliminating busy work within the course. In this 

way, we designed the course with the mindset of how a student 3 years down the road would 

perceive the course when taking it. Furthermore, the live demonstrations and modeling within 

this course were created to maintain the safety of both instructors and students. Because of this, 

we believe that live demonstrations and modeling can be completed by all students and 

instructors within the course. Furthermore, there is no inherent risk when seeking to replicate the 

live demonstrations or modeling exercises.   

 

 

 

 

 



7.0 Conclusion 

 Throughout the development of the final course presented in this project, we learned 

many valuable lessons on curriculum development, and a bountiful amount of information 

pertaining to the topic of acoustics. Curriculum development is a lengthy process, and we believe 

the course developed within this project is a solid foundation. By no means is the course 

developed within this project incomplete, however. It is instead our hope that future students will 

see the work completed here and take it further than we were capable of.  

 In the end, this project was rooted in teaching principles and lecture design theory. The 

project brought material down to a digestible level that should be accessible for all student 

knowledge levels within the course. Furthermore, the course materials created help to eliminate 

students from being discouraged to learn if this course would be a stretch for them. This was 

done by breaking material down to a step-by-step basis, for both lecture slides and modeling/live 

demonstration exercises. Standing alone, this project can provide a lot of information and launch 

a student into a desire to learn more about acoustics.   
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Appendix A – Lecture Topic 1 Slides 













































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix B – Lecture Topic 2 Slides 





























































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix C – Lecture Topic 3 Slides 











































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix D – Lecture Topic 4 Slides 































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix E – Mass on a Spring Modeling Slides 



































 

 

 

 

 



Appendix F – Loudspeaker Modeling Slides 



















































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix G – Speakers in Enclosure Modeling Slides 



















 

 


