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Science Education is facing big changes in 
view of societal needs

Science Competencies

https://pisa-framework.oecd.org/science-2025/

Environmental Science Competencies



Digital competency and creativity are 
more vital

Learning in digital world – Competency model

https://www.oecd.org/en/topics/sub-issues/creative-thinking/pisa-2022-creative-thinking.html
https://www.oecd.org/en/topics/sub-issues/learning-in-the-digital-world/pisa-2025-learning-in-the-digital-world.html

Creative Thinking



Digitalised Tasks

• https://conservation.netlify.app/



2024 Policy Address – STEAM Education

Renew the curriculum of junior secondary Science and strengthen the
interface between the primary and secondary levels for enhancing students’
scientific thinking and fostering innovation.
更新初中科學科課程，做好中小學階段銜接，強化科學思維，培育創新
精神。

Launch a pilot scheme to promote articial intelligence-assisted teaching in
junior secondary Science with a view to enhancing the effectiveness of
learning.
開展先導計劃，於初中科學科推動人工智能輔助教學，強化學習效能。



The draft of the renewed JS Science 
Curriculum is released



The use of Artificial Intelligence (AI) in 
education is an emerging trend



Good practices and drive innovative 
applications of AI in L&T of JS Science

Adopt new L&T Strategy for 
using AI in JS Science

Use AI in probing students’ 
learning in JS Science

Use digitalised planning and 
evaluating tools in JS Science

Facilitate students to explore 
into AI-infused scientific 

investigation



Question 1
How could / should AI be used in Learning and 
Teaching in JS Science?

Point of consideration:
• The L&T strategies / pedagogies (e.g. ICAP, 5E, POE……)
• Use of AI as teaching assistance to promote science 

classroom interactions 
• The use of AI to lessen teachers’ burden for quality lesson 

planning
• Examples of AI-oriented student task 



Example：ICAP Framework

Chen, Y. C. (2021), Development and validation of an observation-based protocol to measure the eight scientific practices of the next generation science standards
in K-12 science classrooms. Journal of Research in Science Teaching, 58-10. https://doi.org/10.1002/tea.21716

What students do The nature of learning activity

Passive

(Receiving)

The student does not create anything that is not already
present in the learning materials. If a procedure is
involved, the procedure is rigid (固有的) and will result
in a predetermined outcome (預設結果).

The activity or lesson requires the student to watch a
teacher led demonstration or listen to a lecture about the
activity. There is no selection of materials or creative
production.

Active

(Manipulating)

The student may engage in a selection (作選擇) process,
whereby they choose from multiple content, for
example, among various procedures, data, or ways of
presentation.

The activity or lesson involves the student performing
physical manipulations (操作), usually following a fixed
procedure (固定過程) .

Constructive

(Self-constructing)

The student must generate something new (創建新意
念), that is, something that extends beyond what was
provided in the learningmaterials (在所提供的學習資
料以外). This could include, for example, a new idea,
procedure, or way of representing data.

The activity or lesson requires the student to generate new
ideas beyond what the materials provide. For example, if the
learning activity involves generating a way of representing
data and no examples (不提供例子) of representing data are
present in the learning materials, the student is engaging in a
generative process.

Interactive

(Dialoguing)

Two or more students (多名學生) engage in an
intrinsically co-constructive activity ( 共 建 活 動 ),
including substantial dialoguing (深入討論) rather than
parallel monologues (不是單向表達) , to generate
knowledge (創建知識) based on students' interaction.

The activity or lesson requires more than one student to
generate new ideas beyond what the learning materials
provide.



Example : Learning events in Science lessons
Science
learning 
events

Passive
Receiving

（Individual）

Active
Manipulating

（individual）

Constructive
constructing（individual）

Interactive
Dialoguing（group）

Asking 
scientific 
questions

Listen to the teacher 
posing scientific 
questions

Select scientific 
questions from 
provided materials.

Ask genuine scientific 
questions

Discuss with peers to 
create genuine scientific 
questions

Creating 
scientific 
models

Read textbooks to 
understand some 
scientific models

Follow given 
instructions to build 
models step-by-step

Find patterns from 
scientific data and 
construct models 
accordingly.

Collaboratively build 
scientific models in 
groups to explain 
phenomena.

Planning and 
conducting 

investigations

Read provided 
procedures for 
scientific 
experiments or 
investigations.

Follow fixed steps to 
conduct experiments 
or investigations.

Design investigations 
or write experimental 
steps

Collaboratively design 
investigations or write 
experimental steps in 
groups.



Example : Learning events in Science lessons
Science
learning 
events

Passive
Receiving（Individual）

Active
Manipulating（individual）

Constructive
constructing（individual）

Interactive
Dialoguing（group）

Using creative 
thinking

Read textbooks to 
understand different 
methods of solving 
scientific problems

Write different 
methods to solve 
problems based on 
teacher’s questions 
and related data

Propose genuine 
methods or improve 
existing methods to 
solve problems

Discuss with peers to 
propose multiple genuine 
methods or improve 
existing methods to solve 
problems.

Analyzing data
Listen to the teacher 
explaining data 
patterns and results

Analyse data step-
by-step

Search for additional 
data to further analyse

Collaborate in groups to 
search for additional data 
and further analyse

Constructing 
scientific 

explanations

Read textbooks or 
listen to teachers 
explaining scientific 
concepts

Explain phenomena 
based on given 
assignments after 
listening to teachers

Apply learned 
concepts and data to 
create explanations in 
unfamiliar situations

Discuss with peers and 
apply learned concepts 
and data to create 
explanations in unfamiliar 
situations



Science
learning 
events

Passive
Receiving（Individual）

Active
Manipulating

（individual）

Constructive
constructing（individual）

Interactive
Dialoguing（group）

Conducting 
evidence-

based scientific 
arguments

Read textbooks to learn 
about scientific 
arguments and 
evidence related to 
certain issues

Write scientific 
arguments based on 
provided data within 
a fixed framework 
(Claim-Evidence-
Reasoning)

Analyse data, 
summarise evidence 
and write scientific 
arguments

Analyse data, 
summarize evidence, 
write different scientific 
arguments, and 
engage in scientific 
debates in groups

Communicatin
g and 

evaluating 
science

Listen to the teacher 
presenting scientific 
conclusions

Express scientific 
ideas following fixed 
steps and formats

Creatively express 
scientific ideas such as 
reflection articles and 
science posters.

Discuss with peers to 
creatively express 
scientific ideas, such 
as reflection articles 
and science posters

Example : Learning events in Science lessons



Learning activity examples
學習活動例子

Action verb 
學習活動指令 - 重點詞彙

Passive

被動學習（個人）

• Read textbook 閱讀科學文章／教科書
• Listen to lecture 聆聽教師講解
• View science demonstration
觀看教師實驗示範／科學影片

• Listen（聆聽）, Look（觀看）, Read（閱讀）,
Observe（觀察）

Active

主動學習（個人）

• Conduct a practical according to steps
根據步驟進行實驗

• Complete a worksheet 完成工作紙

• Annotate（註解）, Calculate（計算）, Categorise
（分類） , Choose（選擇） , Circle （圈出） ,
Complete（完成）, Cross out（刪去）, Describe
（描述）, Fill in（填寫）, Find（找出）, Follow the
procedures（按步驟…）, Identify（辨識）, Label
（標示）, List（列出）, Match（配對）, Measure
（量度）, Record（記錄）

Constructive

構建學習（個人）

• Construct science model 提出科學模型
• Explain phenomenon 解釋現象
• Design an experiment 設計實驗步驟
• Design an invention 製作發明品

• Ask Questions （提出問題） , Build （建構） ,
Comment（評論）, Compare（比較）, Connect
（連繫）, Construct（建構）, Create（創作）,
Decide（決定）, Determine (求出）, Draw（繪出）,
Explain（解釋）, Generate（創出）, Justify （解
釋）, Predict（估計）, Sketch（草繪）, Solve（解）,
Suggest（建議）, Summarise（解釋）

Interactive

互動學習（小組）

• Discuss with peers about different
science ideas and views
就不同科學觀點與同儕或教師討論

• Evaluate students’ experimental
design 就學生設計的實驗裝置進行評鑑

• Build upon（建基於…） , Discuss （討論） ,
Elaborate（闡述） , Evaluate （評鑑）, Revise （修
訂）, Work in groups （以小組方式工作……）



Digitalised Lesson Design 
& Evaluation Tool 

(Trial version)



Example 1: AI-assisted science reading
Passive Active https://www.sciencejournalforkids.org/



Example 1: AI-assisted science reading

Provide requirements of 
scaffolding measures

Translated science journal

Supporting materials



Example 2: Building predictive model using AI
Passive Active



Constructive Interactive



• Is a classroom with only interactive learning (Interactive) a 
“good” lesson?

• Is it essential to include all four I-C-A-P learning processes 
in teaching?

• For the I-C-A-P processes, what teaching sequence is more 
effective? (e.g., P → A? P → C?)

• How to apply the ICAP theory in practical sessions?

Point of thoughts



Point of consideration:
• Shifting from assessing rote learning to scientific skills (e.g. 

creativity, problem-solving, scientific inquiry)
• Constructing competency based assessment in Science
• Curating suitable assessment tasks which could couple the 

use of AI –
• Multiple alternative answers are accepted;
• The scientific reasoning for the answer is customised;
• The answers expected from students are original (i.e. not a 

simple recall of textbook knowledge)

Question 2
How should teachers re-shape the assessment in JS 
Science?



Example 3: AI-assisted marking
Checking

Example:
Brass, Bronze, Magnesium
Odd one out : _____________
Reasons : ________________

Select a science 
question to facilitate 
students providing 
alternative answers 
(多樣答案)

Ask AI to propose 
answers under set criteria



Example 3: AI-assisted marking

Ask AI to generate marking rubric Checking



Example 3: AI-assisted marking

Ask AI to mark the script(s) according to the 
rubric



Sample Question 1 “Pair up”

• For the objects below, pair up the objects in Row A with the objects in
Row B. Give your reason.

Both are elements..?
Both are measuring devices?
Both are H2O?
……..
……



Sample Question 2 “Odd One Out”
• For the elements below, select the one which is different from the 

others and give your reason. 
- Helium, Hydrogen, Carbon dioxide

Sample Question 3 “Form Groups”
• Group the below into two groups and give your reason.
- Whale, shark, shrimp, elephant

Mammal Non-mammal

Whale Shark

Elephant Shrimp

Vertebrates Invertebrates

Whale Shrimp

Shark

Elephant



Sample Question 4 “Which is better”
• A student proposes the following two methods to find out the volume of the

balloon.

• For each method above, explain how you can find out the volume of the
balloon. Which method you think is a better method? Could you modify the
above methods or propose another better method?



Example 5 “Write as many as possible”

• Two students are investigating reaction time.
• Student A drops a half-meter ruler. Student B

catches the ruler between her thumb and
fingers. The distance the ruler fell before
being caught is recorded.

• Write as many as you can the factors that
need to be kept constant when carrying out
the experiment.



Question 3
What are the key aspects about AI rendering 
teachers’ attention in the L&T of JS Science?

https://www.unesco.org/en/articles/ai-competency-framework-students



Progression Levels
Understand Apply Create

Can AI be used in supporting
human decisions on values and
socio-scientific issues?

Evaluate whether some selected
media / science reports of AI go
beyond the genuine capabilities of
AI technologies.

Will AI eventually help humans
alleviate climate change and
protect the planet’s well-being?

State advantages and limitations of
current AI technologies in
supporting decisions in relation to
values, socio-scientific issues.

Do students in the future still need
to learn how to learn conducting
science experiment and draft
report?

Should human societies mobilise all
resources to unlimitedly train AI
models?

Will machine agency become
stronger than human agency?
Explain.

Assess whether a particular
problem in life or science learning
can and / or should be solved with
AI methods.

Do you think the training of AI
models generated irreversible
impacts on climate change?

Further elaboration in the context of science education : 
(a) Human-centred mindset on socio-scientific issues (SSIs) and 
sustainability (example)

For reference



Progression Levels
Understand Apply Create

Explain how machine-learning
models are trained, tested and
optimized.

Give examples of how AI could be
used in science : image recognition,
autonomous agent systems, data-
based prediction or generative AI.

Explain how sensors, crawling
software, and other tools can be
used by science researchers

Explain why data play an important
role in the training and
development of an AI model.

Give examples of open-source
datasets which could be used for
training AI system.

Draft a design plan on a task-based
AI tool to address real-world needs
in and beyond the local context.
(analysis of AI tools, demonstrate
how to collect open-source data,
data processing, etc)

(b) AI techniques and applications in science

Progression Levels
Understand Apply Create

State the main points of “Ethical
principles” of using AI in science.

Explain the main points of
responsible and safe use of AI in
science.

Create ethical guidance for yourself
and your classmates on the use of
GenAI systems in science project.

(c) Ethics of using AI in science

For reference



Good practices and drive innovative 
applications of AI in L&T of JS Science

Adopt new L&T Strategy for 
using AI in JS Science

Use AI in probing students’ 
learning in JS Science

Use digitalised planning and 
evaluating tools in JS Science

Facilitate students to explore 
into AI-infused scientific 

investigation



Thank you

For enquiry, please contact

TSE Bun-luen, Tim
Senior Curriculum Development Officer (Science)
3698 3441

TAM Ho-lun, Jacky
Curriculum Development Officer (Science)
3698 3452



科學
學習過程

Passive

被動學習（個人）
Active

主動學習（個人）
Constructive

構建學習（個人）
Interactive

互動學習（小組）

提出科學
問題

• 學生聆聽教師提
出的科學問題

• 學生就所提供的資
料中選擇科學問題

• 學生提出原創科學
問題

• 學生與同儕討論，
提出原創科學問題

創建
科學模型

• 學生閱讀課本，
認識㇐些科學模
型

• 學生就所提供的指
示下按步驟進行建
模

• 學生因應所得的科
學數據，尋找規律
並進行建模

• 學生以小組方式共
建科學模型以解釋
科學現象

計劃和進
行探究

• 學生閱讀所提供
的科學實驗或探
究步驟

• 學生按固定步驟進
行科學實驗或探究

• 學生設計探究或寫
出實驗步驟

• 學生以小組方式共
同設計探究或寫出
實驗步驟

例子：科學課堂的學習過程 參考



例子：科學課堂的學習過程
科學

學習過程
Passive

被動學習（個人）
Active

主動學習（個人）
Constructive

構建學習（個人）
Interactive

互動學習（小組）

運用
創意思維

• 學生閱讀課本，
認識解決科學問
題的不同方法

• 學生按教師所提出
的科學問題和相關
資料，寫出不同的
解難方法

• 學生就科學問題，
提出原創的解難方
法或改良現有方法

• 學生就科學問題與
同儕討論，提出多
個原創的解難方法
或改良現有方法

分析數據
• 學生聆聽教師講
解數據的規律和
結果

• 學生按固定步驟分
析數據

• 學生尋找其他資料
並與所得數據作進
㇐步分析

• 學生以小組方式合
作尋找其他資料並
與所得數據作進㇐
步分析

建構
科學解釋

• 學生閱讀課本或
聆聽教師講授科
學解釋

• 學生在聆聽教師講
授後，按課業要求
解釋科學現象

• 學生在於各種不熟
悉的情境中，應用
所學的科學概念和
所得數據創建解釋

• 學生與同儕討論，
在於各種不熟悉的
情境中應用所學的
科學概念和所得數
據創建解釋

參考



科學
學習過程

Passive

被動學習（個人）
Active

主動學習（個人）
Constructive

構建學習（個人）
Interactive

互動學習（小組）

進行證據
為本的科

學論証

• 學生閱讀課本，
了解某些議題的
科學論述，並得
知相關科學証據

• 學生按照固定框架
（說法—證據—推
理），引用所提供
的資料按指示寫出
科學論証

• 學生就資料進行數
據分析，歸納證據
並寫出科學論述

• 學生分成小組進行
數據分析，歸納證
據並寫出不同的科
學論述，然後進行
科學辯論

科學傳意
和評鑑

• 學生聆聽教師講
授科學結論

• 學生按固定步驟和
格式表達科學意念

• 學生進行創作表達
科學意念，例如科
學反思文章、科學
海報

• 學生與同儕討論進
行創作表達科學意
念，例如科學反思
文章、科學海報

參考例子：科學課堂的學習過程


