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School-Based Pull-out

Science Gifted Education Program:

Budding Scientists (S1-S3)



Why do we have Pull-out Programs?

 Cater learning diversity

 Arouse further interest in science

 Equip more-able students with scientific inquiry skills

 Limited by lesson time



Our Goals

 Build up a student talent pool (science/STEAM)

 Join competitions

 Lead student helpers in various school activities

 Establish new pedagogies, experiments

 Smaller-scale, more efficient

 To complement the curriculum

Logical Thinking

Scientific Inquiry

Nature of Science



Selection Criteria

1. Top 20 in Integrated Science exam, or nominated by Science teachers

2. Passed our interview which assesses students’ scientific communication ability

Characteristics of these students:

 Intrinsically motivated in science

 Demonstrate outstanding scientific literacy

 Demonstrate self-learning ability

 Interested in joining science-related activities



2022／23 Curriculum Framework

Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5 Lesson 6

S1
NOS

• NASA space 
challenge

Logic

• Inductive and 

Deductive Reasoning

• Investigative study of 

heat transfer

Explanation-driven Inquiry

• Three candles (long, 

medium, short

• Investigate which one will 
go out first

Interesting Expt. 
• 3D printing

Investigative Study

• Design an air-cushion which can hold the 

most number of cotton candy in a free-
falling basket

S2

NOS

• Perspectives

• Using evidence to 

draw conclusion

Logic

• Bias

• Misuse of statistics

Explanation-driven Inquiry

• Burning candle covered in 

inverted gas jar with 

water below

• Investigate why water will 

be drawn into the gas jar

Interesting Expt. 

• Mini-rocket

Investigative Study

• Use simple Mathematics and Physics to 
estimate the height of the school

S3
NOS

• Mystery Tube
Logic

• Logical fallacies

Explanation-driven Inquiry
• Gas pressure

Interesting Expt.

• Simplified 

electrolysis

Investigative Study

• Investigate the factors affecting the 

growth of Brine shrimp
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Lesson 1: Nature of Science (NOS)

 Let students further ponder about 

 “What is science?”

 “How to become a good scientist?”
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Lesson 2: Logic

 Enhance students’ logical thinking by teaching 

terminologies and concrete examples
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Lesson 3: Explanation-driven Inquiry

 Predict – Observe – Explain (POE)

 Claim – Evidence – Reasoning (CER)

 Focus on how students propose, revise 

and evaluate their scientific explanation



2022／23 Curriculum Framework

Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5 Lesson 6

S1
NOS

• NASA space 
challenge

Logic

• Inductive and 

Deductive Reasoning

• Investigative study of 

heat transfer

Explanation-driven Inquiry

• Three candles (long, 

medium, short

• Investigate which one will 
go out first

Interesting Expt. 
• 3D printing

Investigative Study

• Design an air-cushion which can hold the 

most number of cotton candy in a free-
falling basket

S2

NOS

• Perspectives

• Using evidence to 

draw conclusion

Logic

• Bias

• Misuse of statistics

Explanation-driven Inquiry

• Burning candle covered in 

inverted gas jar with 

water below

• Investigate why water will 

be drawn into the gas jar

Interesting Expt. 

• Mini-rocket

Investigative Study

• Use simple Mathematics and Physics to 
estimate the height of the school

S3
NOS

• Mystery Tube
Logic

• Logical fallacies

Explanation-driven Inquiry
• Gas pressure

Interesting Expt.

• Simplified 

electrolysis

Investigative Study

• Investigate the factors affecting the 

growth of Brine shrimp

Lesson 4: Interesting Experiment

 Eye-opening

 Out-of-syllabus

 Assess students’ hands-on skills
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Lesson 5-6: Investigative Study

 Lesson 5: Pre-lab, brainstorming

 Lesson 6: Experiment time!

 Let students to demonstrate what they have 

learnt in previous lessons (generic skills)



NOS: Mystery Tube (S3)

1. Observation: Movement of string pieces when one being pulled

2. Hypothesis: How are the string pieces connected inside?

3. Modelling: Build a model using transparent plastic cups

4. Testification: Test their own model and check if it matches the observation

5. Modification: Modify their model when necessary

6. Conclusion: Draw conclusion (Is the conclusion necessarily correct?)

A

B

C
D

Lederman, N., & Abd-El-Khalick, F. (1998). Avoiding de-natured science: Activities that promote understandings 

of the nature of science. In the nature of science in science education: Rationales and strategies (pp.83-126). 

Dordrecht: Springer Netherlands.



NOS: Mystery Tube (S3)

Students can realise:

 Based on the same set of data, one question might have several answers.

 Exploration and Explanation are different.

Chen, Y.-C., Mineweaser, L., Accetta, D., &Noonan, D. (2018). Connecting argumentation to 5E inquiry for 

preservice teachers. Journal of College Science Teaching, 47(5), 22-28.



Investigative Study: 

Brine Shrimp Investigation (S3)



Investigative Study: 

Brine Shrimp Investigation (S3)

Step 1 Step 2 Step 3 Step 4 Step 5 

Orientating to 

the inquiry 

Planning 

investigation 
Collecting data 

Evaluating 

the data 

Reflection 

on the learning

See-think-wonder Group discussion Practical skill Text for explanation Gallery walk 

Reading to learn Planning template Data presentation Guiding questions 

Formative use of student work 

(Selection of best set-up) 



Investigative Study: 

Brine Shrimp Investigation (S3) Formative use of 

students’ work



Investigative Study: 

Brine Shrimp Investigation (S3)



Evaluation on the Effectiveness

 Pre- and post-activities questionnaire

 Interviewing students

 Interpreting students’ works (written, oral responses)



Meet Leo: A Twice Exceptional Learner

 Underperform in Chinese 

 Top in Integrated Science

 Self-learner

 Enthusiastic and Intrinsically motivated in learning science

 Interests: 3D printing, aquarium, keeping ants as pet



Levels of Inquiry

Level 1

Confirmation

(Cookbook)

Level 2

Structured

Level 3

Guided

Level 4

Open

Problem Provided by 

Teachers

Provided by 

Teachers

Provided by 

Teachers 

Student-initiated 

Procedure Provided by 

Teachers

Provided by 

Teachers

Student-initiated  Student-initiated 

Solution Provided by 

Teachers

Student-initiated  Student-initiated  Student-initiated 



Research Mentorship Programme

 Open Inquiry

 Authentic Research Experience

 Focus on students’ autonomy

 Empower Students Through Creativity and Choice

 Collaboration with local Universities



Leo's Passion for 3D Printing

 As a biology teacher, how can I help exploring Leo’s talent?



3D Printing in Biology



Agarwal S, Saha S, Balla V, Pal A, Barui A, Bodhak S. 2020. Current Developments in 3D Bioprinting for Tissue and Organ 

Regeneration-A Review. Frontiers in Mechanical Engineering 6:90. 

Clinical Application of Bioprinting



解構3D打印植物性三文魚

－ 



Difficulties:

 Expensive bioprinter (>10K USD)

 Expertise

 Uncommon reagents

 Professional equipment

Bioprinting in Secondary School?



From Curiosity to Innovation:
Modify a commercial 3D printer into bioprinter?



Self-learning:

Computer 3D design of parts
Entry-level 3D 

design tool 

More advanced 

3D modeling 

software



1st Prototype

3D printed parts







First attempt



The Engineering Design Process

https://www.teachengineering.org/populartopics/designprocess





After several refinements



2nd Prototype

Modified Creality Ender 3 V2 3D printer



3D models (A, B) in STL format are used to bioprint a right coronary artery tree (C) and maple leaf (D) 

(scale bar, 10 mm). 



Learning Through Publishing

Nature of science

 Scientific communication

 Peer review

 Making evidence-based claims in scientific research



Journal for High School Students’ Project in USA



Students’ creativity can make a real impact



Publication on the Journal of 

Microbiology & Biology Education





Summary

 Build Up a Student Talent Pool 

 Pull-out Gifted Programme

 Exploring Individuals Talent

 Authentic Research

 Teacher-student Partnership

 Scientific communication 


