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ENGR-4490 Introduction to Mathematical Modeling of Cell Mechanics 
and Research Practice 

         Instructor              
Yizeng Li 
E-mail:  yli54@kennesaw.edu  
Office Phone: 470-578-5191 
Office Location: TBA  
Office Hours: M 1:30 pm – 3:00 pm, T 2:00 pm – 4:00 pm, W 12:00 pm – 1:30 pm, or by appointment  
 

 

             Course Description              

Catalog Description (Credit Hours: 3-0-3)             
This course is part of the Scaffolded Undergraduate Research Training Program (SURTP) course series. However, you 
do not need to be part of the SURTP to take the course. The course is open to everyone at the Kennesaw State 
University as long as the prerequisites are met, including freshmen and sophomores.  

This is an interdisciplinary course on Cell Mechanics in a partially flipped-classroom approach. The course will cover 
the technical part of cell mechanics, the fundamentals of research, and an integrated outreach service component. 
Because this is a partially flipped-classroom format, the instructor will not provide detailed lectures on each module; 
rather, you will learn most of the fundamentals through reading and analysis.  

K-12 outreach is part of the course activities. You will design and deliver interdisciplinary lectures on biomechanics to 
K-12 students. You are not responsible for making connections with local schools; instead, the instructor will provide 
the names of the schools to you. A background check is required for every student enrolled in this class. 

Prerequisites               
MATH 2202 Calculus II and PHYS 1111 Physics I. Engineering standing or approval by the instructor. 
 

Course Details                
Term: Spring 2022 
Course name: Introduction to Mathematical Modeling of Cell Mechanics and Research Practice 
Course number: ENGR-4490 
Section number: 03 

Meeting times: M/W 3:30 pm – 4:45 pm 

Room number: Engineering Technology Center (Q-Building) Room 109 

 

Learning Outcomes               
By the end of this course, students should be able to: 
1. Identify the credibility of a resource of information for scientific research. 
2. Narrow down and articulate a research problem and identify the level of originality of the project. 
3. Identify behaviors that are considered academic misconduct. 
4. Interpret mathematical models for biophysical problems. 
5. Run computational programs in MATLAB. 
6. Analyze and interpret the biophysical meanings of mathematical solutions. 
7. Summarize and analyze an original research paper based on the techniques covered in class. 
8. Design and deliver lectures to K-12 students. 
9. Design effective research oral presentations for conferences. 

https://research.kennesaw.edu/our/surtp/
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10. Reflect on the learning experience and be able to articulate the transformable skills. 

 
Topics covered                 
1. Define Research Problems 
2. Academic Integrity 

3. Cell Biology and Experimental Techniques (Including but not limited to cell structure, dynamics, ion 
transportation, signaling, and experimental practice) 

4. Mechanics in Cells (including but not limited to cytoskeleton mechanics, cytoplasmic flow, ion transport, 
reaction and diffusion, and detailed balance) 

5. Mathematical Methods in Biology (including but not limited to ordinary differential equations, partial differential 
equations, numerical algorithms, and MATLAB implementation) 

6. Outreach Design and Delivery 
7. Academic Writing and Presentation (Academic writing is learned through reading and analyzing published 

technical journal papers) 

 

Recommended Textbooks and Online Resources                                                                                                                                                                            
The course covers a wide range of topics and there is no single required textbook. The instructor will assign reading 
materials for each class. Below is a list of recommended readings. 

 
1. Keener, J. P., & Sneyd, J. (1998). Mathematical physiology (Vol. 1). New York: Springer. 
2. Alberts, B. (2014). Molecular Biology of the Cell (Garland Sci, New York). 
3. Fung, Y. C. (2013). Biomechanics: mechanical properties of living tissues. Springer Science & Business Media. 
4. Solomon, J. (2015). Numerical algorithms: methods for computer vision, machine learning, and graphics. CRC 

press. 
5. Yang, W. Y., Cao, W., Kim, J., Park, K. W., Park, H. H., Joung, J., ... & Im, T. (2020). Applied numerical methods 

using MATLAB. John Wiley & Sons. 
6. Swales, J. M., & Feak, C. B. (2004). Academic writing for graduate students: Essential tasks and skills (Vol. 1). Ann 

Arbor: University of Michigan Press. 
7. Strunk, W. (2007). The elements of style. Penguin. 
8. The Purdue Online Writing Lab https://owl.purdue.edu/owl/purdue_owl.html 
9. Fundamentals of mechanobiology https://www.mechanobio.info/ 

 

Technical Requirements                          

Access to D2L is essential for the course material and instructions. 
 
 

                                             Grading Policy and Assessments                  

Grading Weights             
 

Items Weights 

Reading and Discussion 20/100 

Quizzes 15/100 

Outreach Course Design 15/100 

Outreach Course Delivery 15/100 

Final Written Report 20/100 

Final Oral Presentation 10/100 

Reflection Document   5/100 

 

Grade Conversion: A: (90-100), B: (80-89), C: (70-79), D: (60-69), F: (0-59)  

https://owl.purdue.edu/owl/purdue_owl.html
https://www.mechanobio.info/


3  

Any behavior that violates Academic Integrity will result in an F grade. 

Reading and Discussion             
1. You are expected to complete the reading assignments by the beginning of the next lecture.  
2. The discussion will be based on the topics discussed in class as well as from the reading assignments. 
3. Discussion counts towards the final grade. Students will receive individual grades for each discussion session. 
4. Most discussions will happen in class. D2L Discuss Forum will also be used to complement the in-class discussion. 

Both in-class discussion and D2L discussion will be graded.  
 
Rubric of Discussion 

 Level 1 (8-10 pts) Level 2 (5-7 pts) Level 3 (0-4 pts) 

Participation Students actively participate in 
all or most of the discussions 

Students participate in some 
of the discussions and are 
partially engaged. 

Students do not participate in 
the discussion and show 
minimal engagement in 
learning. 

Quality The discussion reflects the 
materials covered in the 
reading assignment, and the 
students show a substantial 
level of understanding from the 
reading. 

The discussion reflects part of 
the materials covered in the 
reading assignment, and the 
students show some 
understanding from the 
reading. 

The discussion shows minimal 
irrelevancy to the reading 
assignment, and the students 
show minimal understanding 
from the reading. 

 

Quizzes             
1. Quizzes cover the materials discussed in class and from the assigned reading. 
2. All quizzes are close-book, close-notes.  
3. Electronic devices of any kind are not allowed in quizzes.  
4. Make-up quizzes will be allowed only for excused absences. If you will be unable to take a quiz because of an 

illness, an original hard copy of the doctor’s excuse on letterhead is required to reschedule a quiz. If you will be 
unable to take a quiz because of a work-related obligation, a letter on company letterhead from the student’s 
supervisor is required to reschedule an exam or quiz. 

 

Outreach Course Design and Delivery             
You will design the course materials that you are going to deliver to the K-12 students. Through the partially flipped 
classroom, you will brainstorm and discuss creative course design in class. The criteria for the outreach course design 
are:  
(1) reflect the interdisciplinary content you learned in the course, i.e., the combination of mathematics, mechanics, 
and biology,  
(2) be appropriate for K-12 students based on their grade, and  
(3) align with the curriculum development and goals of the schools. Each outreach lecture will have more weight on 
one discipline but should have a clear link to other disciplines.  
 
Each outreach lecture follows a Lesson Plan Template with appropriate modifications: for example, introduction (5 
min), brain activation (5 min), new information (10–20 min), and clarification (5 min), followed by an independent 
practice (remaining time) in which K-12 school students will demonstrate their understanding through drawing, 
artistic representations, or other deliverable measures.  
 
The outreach courses will be delivered at times that fit both the schools’ schedule and your schedule. If face-to-face 
lectures are not possible, virtual lectures will be conducted. Each outreach lecture will be assigned to a team of two 
undergraduate students. 
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Final Written Report              
1. Each student will write a commentary to one published original research paper that focuses on using 

mathematical tools to study a biology problem. The paper that you would like to comment on should be pre-
approved by the instructor. 

2. The commentary should include the following components: (1) the scope of the paper, (2) what’s the 
background and status quo of the field, (3) what’s the innovation and significance of the paper, (4) what 
methods the author used (and provide a detailed technical analysis of the paper), (5) what’s the conclusion, (6) 
what’s can be the future development of the field, and (7) if you are going to work in the same field, what will 
you do. 

3. A commentary is one type of paper. Your commentary should follow all the scientific writing practices that we 
discussed in this course. 

4. The length of the commentary should be between 700 and 1,000 words, excluding references and appendix. 11 
pt. and single space. If a template for the paper is provided, you must use the template to format your paper. 

5. You are expected to conform to the highest ethical and legal standards in research and creative activities. 
6. Please submit your report to D2L. D2L will automatically run a similarity check of your report. Any report with 

more than 20% similarity will result in 0 points. 
7. You are encouraged to consult the KSU Writing Center in terms of writing styles and language usage. 

 

Research Presentation              
1. Each student will give an oral presentation of the commentary.  
2. Please submit your presentation slides to D2L at least one day before the presentation. 
3. The presentation length TBD. 
4. The presentation is open to the public. 

 
The rubric of Research Presentation 

 Level 1 (4-5 pts) Level 2 (2-3 pts) Level 3 (0-1 pts) 

Structure The presentation is well 
structured, and the information 
flows naturally from slides to 
slides. 

The presentation shows some 
structure, and the information 
flows naturally among some of 
the slides. 

The presentation shows no 
structure and there is no 
logical information flow 
among slides. 

Design, 
format, 
and style 

The slides are well designed to 
convey the information from the 
project. The fonts are visible. The 
color contrast is appropriate. The 
language use is formal and 
appropriate for academic 
presentations. The presentation 
completes within the given time 
frame. 

The slides partially convey the 
information from the project. 
The fonts are visible. The color 
contrast is appropriate. Most of 
the language used is formal and 
appropriate for academic 
presentations. The presentation 
completes within the given time 
frame. 

The slides do not convey the 
information from the 
project. The fonts are not or 
barely visible. The color 
contrast is not enough. 
Informa language appears a 
lot in the presentation. The 
presentation runs overtime. 

 
 
 

Student Reflection Document              
1. The Reflection Document is a mandatory part of the course, and each student is required to complete this 

document. You will be provided with a list of reflection questions to answer. 
2. The Document should be between 700 to 1000 words in length. A story-telling style of writing is encouraged. 
3. You will get 5 pts for answering all the questions and completing this paper and 0 pts if not completing. Please 

submit your document to D2L by the designated due time. 
4. The Reflection Document is anonymous and please do not disclose your name or the course number in your 

document.  
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5. The Document will be read by your instructor, the department chair, the dean, and other relevant units in the 
university to assess the quality of the QEP program and students’ learning experiences. 

 
 

            Course Expectations  

Attendance and commitment Policies             
1. You are expected to attend all classes and participate in discussions for their full length.  
2. You are expected to have weekly individual meetings with the instructor to report the research progress from 

the past week. 
3. You are expected to work at least 6 hrs per week outside of the classroom time on the research project. 
4. You are solely responsible for managing their enrollment status in a class; nonattendance does not constitute a 

withdrawal. 
 

Classroom Policies             
1. You are expected to read assigned materials and review class notes after each lecture. 
2. Raise your hand before you ask questions or make comments. 
3. Be respectful to your colleagues. 
4. Laptops and tablets are only allowed to talk lecture notes. Using social media and cell phones is prohibited.  

Course Communication and Instructor Presence               
1. Course material will be disseminated in D2L including course syllabus and homework sets. All official course 

announcements, including instructions when a class may be canceled, will be posted in the D2L course news. Be 
sure to check D2L regularly. 

2. When you email the instructor, please send it from your KSU student email account. Email messages will be 
responded to within two business days of receipt. 

3. Your instructor will regularly monitor all discussion boards in D2L and will comment on any important topics at 
the beginning of the following lecture. 

4. All assignments, quizzes, tests, and/or exams will be graded within one week (168 hrs) of submission. If your 
instructor is unable to meet these expectations, communication will be sent to the class before the due date of 
that assessment. 

5. If any portion of this course will become online, your instructor will hold synchronous lectures through Microsoft 
Teams. Office hours will be held at the time indicated in the syllabus and will be held virtually through Teams as 
well. Please send an email to the instructor to make an appointment for office hours. 

 
Academic Honesty              
The high quality of education at Kennesaw State University is reflected in the credits and degrees its students earn.  
All assignments that take place in and out of the classroom must be your own work and original for this course. The 
protection of these high standards is crucial since the validity and equity of the University's grades and degrees 
depend upon it. Any student found to have violated any KSU academic honesty regulation after a hearing before a 
university hearing panel or before the Vice President for Student Success and Enrollment Services (or his/her 
designee) shall be suspended for at least one semester, unless the student persuades the deciding body that the 
circumstances of his or her behavior substantially mitigate the gravity of the violation. These regulations are 
designed to assist students in (1) developing appropriate attitudes about, and (2) understanding and following the 
university’s standards relating to academic honesty. The regulations protect students by helping them avoid 
committing infractions that may compromise the completion of their KSU degrees or damage their reputations.  
Student Conduct Pledge/Statement 
As a member of the Kennesaw State University community of scholars, I understand that my actions are not only a 
reflection on myself, but also a reflection on the University and the larger body of scholars of which it is a part. Acting 
unethically, no matter how minor the offense, will be detrimental to my academic progress and self-image. It will 
also adversely affect all students, faculty, staff, the reputation of this University, and the value of the degrees it 
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awards. Whether on campus or online, I understand that it is not only my personal responsibility, but also a duty to 
the entire KSU community that I act in a manner consistent with the highest level of academic integrity. Therefore, I 
promise that as a member of the Kennesaw State University community, I will not participate in any form of 
academic misconduct. 
Types of Academic Misconduct 
(1) Cheating: Receiving, attempting to receive, knowingly giving or attempting to give unauthorized assistance in the 
preparation of any work required to be submitted for credit (including examinations, laboratory reports, essays, 
themes, term papers, etc.) is considered cheating, as is engaging in any behavior that a professor prohibits as 
academic misconduct in the syllabus or class discussion. Unless specifically authorized, using and/or having access to 
electronic devices during an examination, quiz, test or other assessment is automatically considered cheating, 
regardless of the student’s reason for using/accessing the device; 
(2) Plagiarism: Including direct quotations from other sources into work required to be submitted for credit without 
indicating them as such by quotation marks, block quotes or other appropriate formatting. Incorporating the work of 
someone (e.g. ideas, theories, data, figures, graphs, programs, electronic based information, illustrations, etc.) into a 
paper or project without due acknowledgement; 
(3) Self-Plagiarism: Submitting any work for credit which was not authored specifically and originally for the 
assignment in question without the prior permission of the professor receiving that assignment. Most commonly, 
this means submitting the same, or substantially the same, paper or other assignment for credit in more than one 
class; 
(4) Misrepresentation and/or Falsification: Knowingly providing false information in completing University forms or 
applications (including admissions forms, scholarship applications, time sheets, false or counterfeit transcripts, etc.) 
or in any work submitted for credit. This includes providing fabricated/altered documents to substantiate an excused 
absence (such as to meet attendance requirements or have the chance to make-up a missed exam). Signing in for 
another student or having another individual sign in on a student’s behalf on an attendance sheet also constitutes a 
violation of this code section. 
(5) Unauthorized Access to University Materials: Taking, attempting to take, stealing or in any unauthorized manner 
otherwise procuring, gaining access to, altering or destroying any material pertaining to the conduct of a class 
(including tests, examinations, grade change forms, grade rolls, roll books, laboratory equipment, University grade 
records in written or computerized form, etc.). 
(6) Malicious/Intentional Misuse of Computer Facilities/Services: Maliciously or intentionally misusing university-
controlled computer facilities and services. This includes violations of state and federal laws (e.g. copyright 
violations, unauthorized access to systems, alteration/damage/destruction, or attempted 
alteration/damage/destruction, use for profit, etc.) or a department's rules for computer usage (e.g. account 
violations, damage, or destruction of the system and/or its performance, unauthorized copying of electronic 
information, use of threatening or obscene language, etc.). 
(7) Malicious Removal, Retention or Destruction of University Resource Materials: Misplacing, taking, destroying 
any item or part of an item belonging to or in the protection of the University (or the attempt thereof) with the 
intention of bringing about an undue disadvantage in the academic pursuits of other Kennesaw State University 
students. 
These examples of academic dishonesty shall not be construed to be comprehensive, and infractions will be dealt 
with on an individual basis according to university policies and procedures. It is the obligation of each student to 
assist in the enforcement of academic standards.   
See: The KSU Student Code of Conduct 
Enforcement:  This policy is strictly enforced.  Please note, I reserve the right to select any paper and/or assignment 
that are turned in for a grade for plagiarism review.  Plagiarism review consists of running your paper/assignment 
through various search engines and databases at my disposal in order to check for “borrowed” or “bought” 
information. Students will be required to use TurnItIn.Com to have their papers reviewed for plagiarism.  If you are 
found in violation of academic dishonesty, then you will be subject to the enforcement policies and procedures, as 
outlined by the University and the Department. 
 

KSU Sexual Misconduct Policy              
Kennesaw State University adheres to KSU’s policy prohibiting sexual misconduct both in and out of the classroom.  
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Questions about this policy should be directed to the KSU Equal Employment Opportunity (EEO) and Title IX officer 
by telephone at (470) 578-2614. You may also visit the University’s EEO website 
http://www.kennesaw.edu/eeo/index.html for more information.  

 
Copyright Law              
Kennesaw State University adheres to USG’s policy to respect the right of copyright. Holders and comply with 
copyright laws as set forth in the United States Copyright act.  For more information, see the following link to USG’s 
policy: http://www.usg.edu/copyright/ 

 
Electronic Recording and Social Media              
Electronic recording performed without the consent of the people being recorded chills the free exchange of ideas. 
Academic freedom, free inquiry, and freedom of expression should not be limited by the fear that one’s 
brainstorming, polemic discourse, speculative inquiry, or any other kind of expressed curiosity made within the space 
of a university classroom will be made public without one’s consent. This fear is unacceptable regardless of whether 
one is in an online, hybrid, or face-to-face classroom setting. Accordingly, no person shall make public any 
electronically recorded class discussion without the written permission of the instructor. This policy is not intended 
to discourage electronic recording in the classroom or the use of social media when such actions are performed with 
the written consent of the instructor, and others as appropriate.  

 
          Course Outline            
Note that the Instructor may update the schedule at any time.  See the online version on D2L for updates.  

 
Week Topics 

1 Cell structure and function; 
Cytoskeleton Structure and cell movement Course introduction and orientation; 
Narrow down and articulate research topics; Understanding the levels of originality of research; 
Information Literacy 

2 Using mathematical tools to study biological problems; 
Application of differential equations; 
Academic Integrity 

3 Application of differential equations; 
Academic Writing (structure of the paper) 

4 Application of solid mechanics in cell biology; 
Academic Writing (Introduction, literature review) 

5 Application of solid mechanics in cell biology; 
Academic Writing (Reference and format) 

6 Academic Writing (Methods); 
Application of fluid mechanics in cell biology  

7 Academic Writing (Results); 
Application of fluid mechanics in cell biology 

8 Academic Writing (Discussion); 
Numerical methods and applications 

9 Numerical methods and applications; 
Academic Writing (Abstract and title) 

10 MATLAB and applications; 
Academic Writing (Styles and choice of language) 

11 MATLAB and applications; 
Academic Writing (Tables and figures) 

12 Numerical methods in cell biology; 
Academic Presentation 
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Week Topics 

13 Analyze and interpret results;  
Evaluate work and contribution;  
Testing Hypothesis 

14 Numerical methods in cell biology; 
Research communication and network;  
Interdisciplinary and teamwork 

15 Reflection and transformable skills 
Students Presentation 

 
               Help Resources             

Contacts to get Help               

Student Help Desk studenthelpdesk@kennesaw.edu or call 470.578.3555 KSU Service Desk 

 
All Federal, BOR and KSU Student Policies 

https://curriculum.kennesaw.edu/resources/federal_bor_ksu_student_policies.php 

  
KSU Student Resources 

https://curriculum.kennesaw.edu/resources/ksu_student_resources_for_course_syllabus.php 

  
SPCEET College Tutoring Center 

The Southern Polytechnic College offers drop-in tutoring at its Peer Mentoring Center, located in room Q 306.  Tutors 
are available for a dozen subjects, including Graphics, Dynamics, and others.  The complete list of supported courses, 
as well as a schedule of availability for each subject, can be found on the college website at 
engineering.kennesaw.edu/peer-mentoring-center.  The center is open from 8 AM to 9 PM, Monday through 
Saturday.  Email questions to peermentoringcenter@kennesaw.edu. 

 
Disabled Student Support Services 

In compliance with applicable disability law, qualified students with a disability may be entitled to reasonable 
accommodation.  Any student with a documented disability (hidden or visible) needing academic adjustments, 
including classroom or test accommodations is requested to notify the instructor within the first two weeks of the 
course.  Please visit the Student Disabilities Services website for more information. 

 

mailto:studenthelpdesk@kennesaw.edu
https://apps.kennesaw.edu/portal/prod/app_its_ask_stu_publ/student/
https://curriculum.kennesaw.edu/resources/federal_bor_ksu_student_policies.php
https://curriculum.kennesaw.edu/resources/ksu_student_resources_for_course_syllabus.php
http://peermentoringcenter@kennesaw.edu

