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What is PISA? 

1. The OECD (Organization for Economic Co-operation and 
Development) began work on PISA (Programme for International 
Student Assessment) in 2000.  

2. The triennial assessment focuses on the core school subjects of 
science, reading and mathematics.  

3. It evaluates students’ science, math, and reading knowledge and 
competencies of 15-year-old students every three years with one 
subject as its core for each cycle. 

4. Knowledge: how well students can reproduce knowledge 
5. Competencies : how well they can extrapolate from what they have 

learned and apply that knowledge in unfamiliar settings, both in and 
outside of school.  

6. We can compare students' performance over time and assess the 
impact of educational policy on students’ performance. 



PISA 2015 

• PISA 2015 is the sixth cycle of the triennial assessment.  
• The first time PISA evaluate “science” as its major domain 

in 2006. 
• The major domain in 2015 is science.  
• 72 countries and economies participate in PISA 2015. 

 



PISA 2015 Innovation 

1. PISA 2015 delivers the assessments of all subjects via 
computer. 

2. Teacher Questionnaire 
3. Collaborative Problem Solving 
4. Science Epistemic Knowledge 
5. Interactive Units: simulation 



Science Framework 



Aspects of Scientific Literacy 

How an individual does 
this is influenced by  

Attitudes 
 

• Interest in science 
• Valuing scientific 

approaches to enquiry 
• Environmental 

awareness 

Knowledge 
 

• Content 
• Procedural 
• Epistemic Competencies 

 
• Explain phenomena 

scientifically 
• Evaluate and design 

scientific enquiry 
• Interpret data and 

evidence 
scientifically 

Contexts 
 

• Personal 
• Local/National 
• Global 

Require individuals 
to display 



PISA 2015 Scientific Competencies 

解釋科學現象 

能夠識別、提出並評估自然與技學現象（證明具備下列能力）： 

• 回憶並應用適當的科學知識 
• 識別、運用及提出解釋性模型及圖像 
• 做出並確認適當的預測 
• 提出解釋性假設 
• 解釋科學之事對社會的潛在含意 

Explain phenomena scientifically 

Recognize, offer and evaluate explanations for a range of natural and 
technological phenomena demonstrating the ability to: 
• Recall and apply appropriate scientific knowledge;  
• Identify, use and generate explanatory models and representations; 
• Make and justify appropriate predictions;  
• Offer explanatory hypotheses; 
• Explain the potential implications of scientific knowledge for society. 



Evaluate and design scientific enquiry 

Describe and appraise scientific investigations and propose ways of addressing 
questions scientifically demonstrating the ability to: 

• Identify the question explored in a given scientific study;  
• Distinguish questions that are possible to investigate scientifically;  
• Propose a way of exploring a given question scientifically;  
• Evaluate ways of exploring a given question scientifically;  
• Describe and evaluate a range of ways that scientists use to ensure the 

reliability of data,  and the objectivity and generalization ability of 
explanations. 



Interpret data and evidence scientifically 

Analyze and evaluate scientific data, claims and arguments in a variety of 
representations and draw appropriate conclusions demonstrating the ability to: 

• Transform data from one representation to another;  
• Analyze and interpret data and draw appropriate conclusions;  
• Identify the assumptions, evidence and reasoning in science-related texts;  
• Distinguish between arguments which are based on scientific evidence and 

theory and those based on other considerations;  
• Evaluate scientific arguments and evidence from different sources (e.g. 

newspaper, internet, journals). 



Content Knowledge 



 
 

 

Content Knowledge 

Knowledge of the Content of Science in PISA 2015  
Physical Systems that  
require knowledge of: 

Living Systems that  
require knowledge of: 

Earth and Space Systems  
that require knowledge of: 

Structure of matter (e.g., particle model, 
bonds) 

Cells (e.g., structures and function, 
DNA, plant and animal)  

Structures of the Earth systems (e.g., 
lithosphere, atmosphere, hydrosphere) 

Properties of matter (e.g., changes of 
state, thermal and electrical conductivity) 

The concept of an organism (e.g., 
unicellular and multicellular) 

Energy in the Earth systems (e.g., 
sources, global climate) 

Chemical changes of matter (e.g., 
chemical reactions, energy transfer, 
acids/bases) 

Humans (e.g., health, nutrition, 
subsystems such as digestion, 
respiration, circulation, excretion, 
reproduction and their relationship) 

Change in Earth systems (e.g., plate 
tectonics, geochemical cycles, 
constructive and destructive forces) 

Motion and forces (e.g., velocity, 
friction) and action at a distance (e.g., 
magnetic, gravitational and electrostatic 
forces) 

Populations (e.g., species, evolution, 
biodiversity, genetic variation) 

Earth’s history (e.g., fossils, origin and 
evolution) 

Energy and its transformation (e.g., 
conservation, dissipation, chemical 
reactions) 

Ecosystems (e.g., food chains, matter 
and energy flow) 

Earth in space (e.g., gravity, solar 
systems, galaxies) 

Interactions between energy and matter 
(e.g., light and radio waves, sound and 
seismic waves) 

Biosphere (e.g., ecosystem services, 
sustainability) 

The history and scale of the Universe 
and its history (e.g., light year, Big Bang 
theory) 



程序性知識 
對於各種科學探究活動裡所使用程序及策略的程序性知識 

變數的概念包含三
項：自變數，應變
數，控制變數 

測量的概念，例如：量化測量，質化觀察，量表， 類別與連續變項 

評估和縮小不確定性的方式，例如：重複和平均測量 

確保數據的可再現性（重複測量數值間一致性）的機制和數據的精確
度（測得的數量和測量的真正數值之間的一致程度） 

通用的抽象和表現數據方式：適當的使用表格和圖表的表達 

控制變因在實驗設計或隨機對照試驗的使用，以避免結果混淆，並確
定可能的因果機制 

對於一個給定的科學問題給予適當的設計，例如：實驗，領域基礎或
尋求模式的設計 

Procedural Knowledge 
the general features of procedural knowledge 

The concept of 
variables including 
dependent, 
independent and 
control variables; 

Concepts of measurement e.g., quantitative [measurements], qualitative 
[observations], the use of a scale, categorical and continuous variables; 

Ways of assessing and minimizing uncertainty such as repeating and 
averaging measurements; 

Mechanisms to ensure the replicability (closeness of agreement between 
repeated measures of the same quantity) and accuracy of data (the 
closeness of agreement between a measured quantity and a true value of 
the measure); 

Common ways of abstracting and representing data using tables, graphs 
and charts and their appropriate use; 

The control of variables strategy and its role in experimental design or the 
use of randomized controlled trials to avoid confounded findings and 
identify possible causal mechanisms; 

The nature of an appropriate design for a given scientific question e.g., 
experimental, field based or pattern seeking. 



科學認識論知識 
思考論證科學證據、科學方法是否可以支持科學的結論和假設的理由、

合理性 
科學的構念與定義
特徵 

科學的觀察，事實，假說，模型和理論的本質 

科學的目的和目標（產生自然世界的解釋）和科技不同（為滿足人類
的需要而製造最佳解決方案）構成科學或技術問題和相應的數據 

科學的價值. 例如:出版，客觀性和消除偏見 

推理在科學上的本質. 例如:演繹的 (deductive) ，歸納的(inductive) ，
推斷出最好的解釋(abductive)，類比 (analogical)，模型 (model-base) 

這些構念的角色與
特徵以辨別科學產
生的知識 

科學宣稱 (claims)如何被科學的數據和推理所支持 

不同形式的實證探究的功能在建立知識，目標（測試解釋性的假說或
辨別模式）和設計（觀察，控制實驗，相關性的研究） 

測量誤差如何影響科學知識的可信程度 

物理系統和抽象模型的使用和角色，及其限制 

合作和批判的角色，以及同儕審查如何幫助建立科學宣稱 (scientific 
claims)的可信度 

Epistemic Knowledge 
what are considered to be the major features of epistemic knowledge necessary for 

scientific literacy 

The constructs 
and defining 
features of 
science.  

The nature of scientific observations, facts, hypotheses, models and theories; 

The purpose and goals of science (to produce explanations of the natural world) as 
distinguished from technology (to produce an optimal solution to human need), what 
constitutes a scientific or technological question and appropriate data; 

The values of science e.g., a commitment to publication, objectivity and the 
elimination of bias; 

The nature of reasoning used in science e.g., deductive, inductive, inference to the 
best explanation (abductive), analogical, and model-based; 

The role of 
these 
constructs and 
features in 
justifying the 
knowledge 
produced by 
science.  

How scientific claims are supported by data and reasoning in science; 

The function of different forms of empirical enquiry in establishing knowledge, their 
goal (to test explanatory hypotheses or identify patterns) and their design 
(observation, controlled experiments, correlational studies); 

How measurement error affects the degree of confidence in scientific knowledge; 

The use and role of physical, system and abstract models and their limits; 

The role of collaboration and critique and how peer review helps to establish 
confidence in scientific claims;  

The role of scientific knowledge, along with other forms of knowledge, in identifying 
and addressing societal and technological issues. 



Attitudes 

• In PISA 2015 these specific attitudes toward science will 
be measured by the student questionnaire. 

• The PISA 2015 assessment will evaluate students’ 
attitudes towards science in three areas:  
– Interest in science and technology 
– Environmental awareness  
– Valuing scientific approaches to enquiry 



Questionnaire 

1. Student Questionnaire 
2. Information and Computer Technology Literacy 

Questionnaire 
3. School Questionnaire 
4. Teacher Questionnaire :10 science teacher and 15 non-

science teacher each school 
 



Knowledge 
• Math 
• Reading and writing 
• Science and environment 
• Everyday learning 

Context 

Student background Core Skills 

Characteristics 
• Dispositions and attitudes 
• Experience and knowledge 
• Motivation 
• Cognitive ability 

Collaborative Skills 
• Grounding 
• Explanation 
• Coordination 
• Filling 

• Perspective taking 
• Audience design 
• Argumentation 
• Mutual regulation 

Problem Solving Skills 
• Explore and understand 
• Represent and formulate 
• Plan and execute 
• Monitor and reflect 

 Establishing and maintaining a shared understanding 
 Taking appropriate action to solve the problem 
 Establishing and maintaining team organization 

Task Characteristics 
• Openness 
• Information availability 
• Interdependency  
• Symmetry of goals  
 

Medium  
• Semantic richness  
• Preferentiality  
• Problem space  

Problem Scenario  
• Task Type  
• Settings  
• Domain content  

 

Team Composition  
• Symmetry of roles  
• Symmetry of status  
• Size of group  

PISA 2015 Collaborative Problem Solving 

Collaborative Problem Solving Competencies 



PISA 2015 Collaborative Problem Solving 

         
 

(1) Establishing and 
maintaining shared 
understanding 

(2) Taking appropriate 
action to solve the 
problem 

(3) Taking appropriate 
action to solve the 
problem 

(A) Exploring and 
Understanding 

(A1) Discovering 
perspectives and abilities 
of team members 

(A2) Discovering the type 
of collaborative interaction 
required and establishing 
goals  

(A3) Understanding roles 
to solve problem 

(B) Representing 
and Formulating 

(B1) Building a shared 
representation and 
negotiating the meaning of 
the problem (common 
ground) 

(B2) Identifying and 
describing tasks to be 
completed 

(B3) Describing roles and 
team organization 
( communication protocol 
/rules of Engagement) 

(C) Planning and 
Executing 

(C1) Communicating with 
team members about the 
actions performed 

(C2 )Enacting plans (C3) Following rules of 
engagement 

(D) Monitoring 
and Reflecting 
  

(D1) Monitoring and 
repairing the shared 
understanding 

(D2) Monitoring results of 
actions and evaluating 
success 
in solving the problem 

(D3) Monitoring, 
providing feedback and 
adapting the team 
organization and roles 

CPS 
competencies 

PS Skills 



Competency Explain Phenomena Scientifically 

Knowledge ─ System Content – Living 

Context Local/National – Environmental Quality 



Competency Evaluate and Design Scientific Enquiry 

Knowledge ─ System Procedural 

Context Local/National – Environmental Quality 



Competency Interpret Data and Evidence Scientifically 

Knowledge ─ System Procedural 

Context Local/National – Environmental Quality 



Competency Explain Phenomena Scientifically 

Knowledge ─ System Content – Living 

Context Local/National – Environmental Quality 



Competency Explain Phenomena Scientifically 

Knowledge ─ System Content – Living 

Context Local/National – Environmental Quality 







Competency Interpret Data and Evidence Scientifically 

Knowledge ─ System Procedural 

Context Personal – Health and Disease 



Competency Explain Phenomena Scientifically 

Knowledge ─ System Content – Living 

Context Personal – Health and Disease 



Competency Evaluate and Design Scientific Enquiry 
Explain Phenomena Scientifically 

Knowledge ─ System Procedural 
Content – Living 

Context Personal – Health and Disease 



Competency Evaluate and Design Scientific Enquiry 

Knowledge ─ System Procedural 

Context Personal – Health and Disease 



Competency Evaluate and Design Scientific Enquiry 

Knowledge ─ System Procedural 

Context Personal – Health and Disease 



http://pisa2015.nctu.edu.tw 

http://pisa2015.nctu.edu.tw/


PISA 2012 Results 

Source: PISA 2012 Results: What Students Know and Can Do Student Performance in Mathematics, Reading and Science 
(Volume I) 



Source: PISA 2012 Results: What Students Know and Can Do Student Performance in Mathematics, Reading and Science 
(Volume I) 



Source: Top of the Class - High Performers in Science in PISA 2006 

PISA 2006 Results 



Source: Top of the Class - High Performers in Science in PISA 2006 



Source: Top of the Class - High Performers in Science in PISA 2006 



Source: What Kinds of Careers Do Boys and Girls Expect for Themselves? PISA in Focus. No. 14 



Source: The High Cost of Low Educational Performance The Long-Run Economic Impact of Improving PISA Outcomes 



Source: The High Cost of Low Educational Performance The Long-Run Economic Impact of Improving PISA Outcomes 
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