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Part I Course Overview  

 

Course Title: 

 

Learning from Nature 

Course Code: 

 

GE1330 

Course Duration: 

 

1 semester 

Credit Units: 

 

3 credits 

Level: 

 

B1 

Proposed Area: 
(for GE courses only) 

   Arts and Humanities 

   Study of Societies, Social and Business Organisations 

   Science and Technology 

Medium of 
Instruction:  

 

English 

Medium of 
Assessment: 

 

English 

 

Prerequisites: 
(Course Code and Title)    

 

Precursors: 
(Course Code and Title) 

 

Nil   

 

 

Nil 

Equivalent Courses: 
(Course Code and Title) 

 

Nil 

Exclusive Courses: 
(Course Code and Title) 

 

Nil 
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Part II Course Details  
 

1. Abstract  
 (A 150-word description about the course) 

 

Imagine one day you could climb like the ‘Spiderman’; imagine one day you could swim like a shark… Are 

these just pictured by popular ‘Sci-Fi’ movies? No, they are also the objectives of the frontier research in 

the engineering, publically known as bio-inspired engineering. Indeed, the concept of bio-inspiration is not 

new. In the ancient times, our first tool was made by mimicking the nature; however, most of the early 

efforts motivated by crude imitation were not successful. Therefore, since the modern times, our civilization 

has been driven mainly by human intelligence. Nevertheless, the classic approach has already come to its 

limit for addressing today’s technological challenges. With the rise of nanotechnology, we are now aware 

that nature provides us the ultimate source to find better solutions. With the surge of this renewed interest, it 

is the time for us to revisit the ideas of ‘learning from nature’. 

 

Upon completion of this course, students are expected: 

1. To understand the synergy between structure and size in determining the properties and functionalities 

of natural and man-made objects;  

2. To be able to comprehend the state-or-art experimental techniques that are currently used for structural 

and property characterization of synthetic/biological materials across different length scales; 

3. To be able to formulate a problem out of a mini-project related to engineering design and use the basic 

knowledge in bio-mimicry to find a feasible solution; 

4. To be able to understand the general designing principles of some biomedical implants, which restore 

functions of diseased organs. 
 

 

2. Course Intended Learning Outcomes (CILOs) 
 (CILOs state what the student is expected to be able to do at the end of the course according to a given standard of 

performance.) 

 
No. CILOs Weighting* 

(if 

applicable) 

Discovery-enriched 

curriculum related 

learning outcomes 

(please tick where 

appropriate) 

A1 A2 A3 

1. Critically evaluate the need of bio-inspired engineering for 

a sustainable societal development and the resulting 

environmental benefits and impacts. 

    

2. Describe and apply the methodology in engineering design 

and the basic principles/knowledge in the pursuit of 

bio-inspired designs. 

    

3. Assess the inadequacy in conventional engineering designs, 

and the ethical/technical issues related to the realization of 

bio-inspired designs.   

    

4. Create and present a bio-inspired design strategy with the 

possible routes for implementation. 
    

* If weighting is assigned to CILOs, they should add up to 100%. N.A.    

A1: Attitude  
Develop an attitude of discovery/innovation/creativity, as demonstrated by students possessing a strong 
sense of curiosity, asking questions actively, challenging assumptions or engaging in inquiry together with 
teachers. 

A2: Ability 
Develop the ability/skill needed to discover/innovate/create, as demonstrated by students possessing 
critical thinking skills to assess ideas, acquiring research skills, synthesizing knowledge across disciplines 
or applying academic knowledge to self-life problems. 

A3: Accomplishments 
Demonstrate accomplishment of discovery/innovation/creativity through producing /constructing creative 
works/new artefacts, effective solutions to real-life problems or new processes. 
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3. Teaching and Learning Activities (TLAs) 
(TLAs designed to facilitate students’ achievement of the CILOs.) 

 
TLA Brief Description  CILO No. Hours/week (if 

applicable)  

1 2 3 4  

Historical perspectives on 

human application of 

materials/products from 

nature. 

Discuss the human history of 

product development and design in 

the context of bioinspiration. 

    3/week 1 (Lecture) 

How nature transforms 

‘brittleness’ to ‘toughness’.   

Case study: Tooth, bone, other hard 

tissues, high-performance composite 

materials... 

    3/week 2 (Lecture) 

Size rules in nature and 

engineering science: Rise of 

nanotechnology. 

Case study: Spider silks, 

nanocomposites, micro-systems... 

    3/week 3 (Lecture) 

From gecko’s foot to 

bandage: The smaller the 

closer. 

Case study: Dry adhesives...     3/week 4 (Lecture) 

Self-cleaning of lotus: The 

advantage of being ‘rough’ 

enough. 

Case study: Self-cleaning coatings…     3/week 5 (Lecture) 

Swim like shark: Fluid 

dynamics in nature. 

Case study: High-performance 

swimming suites... 

    3/week 6 (Lecture) 

Neuron talks: Efficient 

signal processing. 

Case study: Deep brain stimulation...     3/week 7 (Lecture) 

Artificial organs: 

Biomedical implants. 

Case study: Artificial skin…     3/week 8 (Lecture) 

From materials to 

machinery: Bio-inspired 

medical devices and 

robotics. 

Bio-inspired medical devices and 

robotics. 

    3/week 9-10 

(Lecture) 

Group presentation 

(team work) 

     Week 11-12 

 

 
4.   Assessment Tasks/Activities (ATs) 

(ATs are designed to assess how well the students achieve the CILOs.) 
 

Assessment Tasks/Activities CILO No. Weighting*  Remarks 

1 2 3 4   

Continuous Assessment:  70% 

Homework (individual)     20% Homework will be given to students after 

every two or three weeks of lecture. The 

students will be asked to extend the 

discussions that are focused on the case 

studies during lecture through literature 

survey.     

In-class Quiz (individual)     25% In-class quiz linked to the lecture contents 

will be conducted twice during the 

semester. 

Group Research Project 

(team work) 

    25%  

Examination:  30%  (duration: 1.5 hours) 
* The weightings should add up to 100%. 100%  

 

For a student to pass the course, at least 30% of the maximum mark for both coursework and examination 

should be obtained. 



  

4 

Course Syllabus_GE1330 

Oct 2018 

 

5. Assessment Rubrics   
(Grading of student achievements is based on student performance in assessment tasks/activities with the following rubrics.) 

 

Assessment Task Criterion  Excellent 

(A+, A, A-) 

Good  

(B+, B, B-) 

Fair 

(C+, C, C-) 

Marginal 

(D) 

Failure 

(F) 

1. Homework 

(individual) 

Attendance of the lab/demo session; 

Ability to Explain the methodology and 

procedure and Analyse the lab data. 

High Significant 

 

Moderate 

 

Basic 

 

Not even 

reaching 

marginal 

levels 

2. In-class Quiz 

(individual) 

Describe the fundamental principles of 

natural design and apply them to explain 

the bioinspired designs. 

High Significant 

 

Moderate 

 

Basic 

 

Not even 

reaching 

marginal 

levels 

3. Group 

Research 

Project 

  (team work) 

Develop the ability and spirit of 

team-work; Ability to present the 

scientific project and write a project 

report.  

  

High Significant 

 

Moderate 

 

Basic 

 

Not even 

reaching 

marginal 

levels 

4. Examination 

 

Describe the fundamental principles of 

natural design and apply them to explain 

the bioinspired designs. 

High Significant 

 

Moderate 

 

Basic 

 

Not even 

reaching 

marginal 

levels 

 
 

 

 

 

 



  

  

5 

Course Syllabus_GE1330 

Oct 2018 

Part III Other Information (more details can be provided separately in the teaching plan) 

 
1.  Keyword Syllabus 

(An indication of the key topics of the course.) 

 

  Sustainable society development, Green product; 

  Biology, Engineering science;  

  Biomimetics, Biomimicry; 

  Size effect, Nanotechnology, Micro- and nano-devices; 

  Structural and functional biomaterials, Hierarchical structural design; 

  Human brain, Neuron, Synapse and electrical stimulation; 

  Human health, Medical devices, Robotics and control. 

 

 

 
2.  Reading List 

2.1  Compulsory Readings  
(Compulsory readings can include books, book chapters, or journal/magazine articles. There are also collections of 

e-books, e-journals available from the CityU Library.)   
 

1. Robert Allen, Bulletproof Feathers: How Science Uses Nature’s Secrets to Design 

Cutting-Edge Technology, University of Chicago Press, 2010. 
 

 

 

 
2.2  Additional Readings  

(Additional references for students to learn to expand their knowledge about the subject.) 

 

1. Maggie Macnab, Design by Nature, New Riders, 2012. 

2. Janine M. Benyus, Biomimicry: Innovation Inspired by Nature, William Morrow Paperbacks, 

2002. 

3.  Chris Jenkins, Bio-Inspired Engineering, Momentum Press, LLC, 2012. 
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A. Please specify the Gateway Education Programme Intended Learning Outcomes (PILOs) that the course is 

aligned to and relate them to the CILOs stated in Part II, Section 2 of this form: 

 

GE PILO Please indicate which CILO(s) is/are related to this 

PILO, if any 

(can be more than one CILOs in each PILO) 

PILO 1: Demonstrate the capacity for self-directed 

learning 

CILO 1-4 

PILO 2: Explain the basic methodologies and 

techniques of inquiry of the arts and 

humanities, social sciences, business, and 

science and technology 

CILO 1-4 

PILO 3: Demonstrate critical thinking skills 

 

CILO 3 

PILO 4: Interpret information and numerical data 

 

CILO 3 

PILO 5: Produce structured, well-organised and 

fluent text 

 

PILO 6: Demonstrate effective oral communication 

skills 

CILO 4 

PILO 7: Demonstrate an ability to work effectively 

in a team 

CILO 4 

PILO 8: Recognise important characteristics of 

their own culture(s) and at least one other 

culture, and their impact on global issues 

 

PILO 9: Value ethical and socially responsible 

actions 

 

PILO 10: Demonstrate the attitude and/or ability to 

accomplish discovery and/or innovation  

CILO 4 

GE course leaders should cover the mandatory PILOs for the GE area (Area 1: Arts and Humanities; Area 2: Study of 

Societies, Social and Business Organisations; Area 3: Science and Technology) for which they have classified their 

course; for quality assurance purposes, they are advised to carefully consider if it is beneficial to claim any coverage 

of additional PILOs. General advice would be to restrict PILOs to only the essential ones. (Please refer to the 

curricular mapping of GE programme: http://www.cityu.edu.hk/edge/ge/faculty/curricular_mapping.htm.)   

 

 

B. Please select an assessment task for collecting evidence of student achievement for quality assurance 

purposes. Please retain at least one sample of student achievement across a period of three years. 

 

Selected Assessment Task 

PPTs for presentation of the term project. 

 

 

  

Annex 

(for GE courses only)  

http://www.cityu.edu.hk/edge/ge/faculty/curricular_mapping.htm

