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The Knowledge Society 

… disparities in the productivity and growth of 

different countries have far less to do with their 

abundance (or lack) of natural resources than with 

the capacity to … create new knowledge and ideas 

…    “the ‘need to innovate’ is growing stronger as 

innovation comes closer to being the sole means to 

survive and prosper in highly competitive and 

globalised economies.” 



From G8summit2006:  

Education for Innovative Societies in the 

21st century  

Education, the enhancement of skills, and the 

generation of new ideas are essential to the 

development of human capital and are key engines of 

economic growth, drivers of market productivity, and 

sources of cohesion for all nations… 



Economists View Norway’s Need for 

Increased Innovation 

“Although natural resources may play an important role 

in Norway’s future economic growth, maintaining the 

nation’s strong performance will require an increase in 

the level and scope of innovative activity. Arguably, 

this need for expanded innovation holds not only for the 

areas of traditional strength but for the economy as a 

whole.” 

 

 Fagerberg, Jan, Mowery , David C and Verspagen, Bart (2009): The evolution of Norway’s national innovation 

system. Science and Public Policy , Vol. 36 , No. 6 (2009): pp. 431-444. 



• Norway is addressing the innovation challenge at a 

high level with its specialized “centres for research-

based innovation.” 

• But how should the innovation challenge be addressed 

at the elementary and secondary levels of schooling ? 

• This is a world-wide problem that has attracted many 

proposals but no demonstrated solutions.  
 

The Dilemma for Schools:  

How can general education increase innovative 

capacity in an increasingly specialized world?  



How Can Schools Increase People’s Abilities 

to Create Knowledge? 

 A popular answer: Develop skills, personal 
characteristics, habits of mind, and attitudes conducive 
to knowledge creation. 

 There are no tested or even very plausible ways of 
achieving these objectives. 

 The Knowledge Building alternative: Learn to create 
knowledge by actually doing it. 

 This requires finding ways to support novices in 
carrying out knowledge creation. 

 

 



Alfred North Whitehead (1929):  

“Education… must be directed to informing pupils with 

those ideas, and to creating for them those capacities 

which will enable them to appreciate the current thought 

of their epoch.” 

 

A Humanistic Perspective on 

Education for Innovation 



The current thought of our epoch does not consist of 

particular beliefs or ideas but rather consists of a 

worldwide effort to advance the frontiers of 

knowledge on all fronts.  

 

A Humanistic Perspective on 

Education for Innovation 



Education in its largest sense means initiating 

students into the world-wide knowledge-creating 

culture.   

This is neither cultural transmission nor importing of a 

foreign culture. It is more like cultural nurturance. 

 

A Humanistic Perspective on 

Education for Innovation 



Knowledge building represents an attempt to refashion 

education in a fundamental way, so that it becomes a 

coherent effort to initiate students into a knowledge 

creating culture. Accordingly, it involves students not 

only developing knowledge building competencies but 

also students coming to see themselves and their work 

as part of the civilization-wide effort to advance 

knowledge frontiers.  

 

 Knowledge Building  



Member of the large family of inquiry approaches to 

education  

 

If compelled to put into one sentence what is different:  

giving students collective responsibility for idea 

improvement 

 

 Knowledge Building  



“Give students collective responsibility 

for idea improvement”  

What does this mean? 

any successful educational program will ensure that the 

ideas students leave with are an improvement over the 

ideas they brought in.  

traditional instruction tends to ignore the ideas students 

come in with and to rely on effective presentation of the 

desired ideas.  



Taking responsibility for idea 

improvement is what we call  

epistemic agency, one of 12  

knowledge building principles  

In order to take over such responsibility, students have to 

recognize that their own ideas, like ideas in general, are 

subject to improvement.  



Even in many inquiry approaches, 

responsibility for idea improvement 

remains with the teacher  
 

Conceptual change teaching takes students’ initial ideas 

seriously, but the teacher has the responsibility of 

inducing cognitive conflict to produce idea change 

Guided discovery  uses teacher-designed activities to be 

carried out by the students that will lead to their 

constructing or reconstructing knowledge congruent with 

curriculum goals.  



Who Exercises Epistemic Agency? 

Teacher (T) or Students (S)? 

KB Other 

Recognizing real-world phenomena that need 

explaining 

S T 

Designing experiments S T 

Designing data analyses and presentation 

formats 

S T 

Drawing conclusions S S 

Explaining, relating to basic principles S T 



Collective responsibility implies 

something beyond responsibility for 

improvement of ones personal 

knowledge and ideas.  

In order for the group to exercise epistemic agency 

collectively, ideas must be treated as having an out-

in-the-world existence.  

They are not equivalent to personal beliefs or 

notions, but are more like the theories and inventions 

that have a public life in knowledge-based 

organizations and societies.  



Idea improvement is an attainable goal, 

but requires a radical shift 

 Idea generation comes naturally but idea improvement 
does not 

 We propose that as a working assumption all ideas 
should be treated as improvable. 

 Students can feel idea improvement is within their 
competence, whereas suggesting they should emulate 
Einstein and Darwin is likely to be intimidating. 

 



Belief Mode and Design Mode 

Both are Important but Design Mode is 

the Mode of Idea Improvement 

Belief mode: Arguing, gathering and weighing 

evidence, accepting, rejecting, choosing 

Design mode: Building new ideas out of 

existing ideas, theorizing, explaining, finding 

weaknesses and repairing them, sometimes 

changing to a radically different idea and 

building on it 



Science Education in Belief Mode 

 WISE (Web-Based Inquiry Science Environment) 

project provides well-designed examples.  

 From the WISE homepage: “WISE is a simple yet 

powerful learning environment where students 

examine real world evidence and analyze current 

scientific controversies.” 

 Some WISE projects engage students in developing 

and improving their own explanations of natural 

phenomena, but others center on debate and offer 

relatively pure examples of belief mode. 



A WISE Inquiry Project in Belief Mode 

 
 Two hypotheses about light are presented: 

 Light goes on forever until it is absorbed 

 Light dies out as it gets farther from the source  

 Many different kinds of evidence--visual, verbal, and 
qualitative--are presented 

 It is up to the students to evaluate the evidence in 
order to decide between hypotheses. 



Bicyclists at Night 
Rider wearing white is more visible than 

rider wearing black 



Searchlight Photo 

Showing high light intensity at source, 

becoming less as it goes farther away 







Galaxies in the Young Universe 
Ordinary camera on left, Hubble photo 

on right, enlargement in corner 



Project-Based Inquiry in Belief Mode: 

Debating Two Hypotheses About Light 

 Students examine each piece of evidence with regard 

to relevance, methods, and credibility of the source. 

 Sort evidence into 3 categories: supporting “Light Goes 

on Forever,” supporting “Light Dies Out,” and 

“irrelevant.” 

 Debate. Teams select the strongest evidence 

supporting their hypothesis, and also select counter-

evidence for which they prepare replies.  

 

Student Activities 



Project-Based Inquiry in Belief Mode: 

Debating Two Hypotheses About Light 

Critique 

 Students draw their own conclusions from evidence. 

 They process much interesting scientific information. 

 But fundamental questions are glossed over: 

 What is light? 

 What causes light? 

 What happens to light when it is absorbed? 

 How do we see?  

 



The Most Serious Weakness of Project-Based 

Learning in Belief Mode: No Insight into How 

Scientific Ideas, Hypotheses, and Theories are 

Created 

 How did anyone get the idea that “Light goes on 

forever”? 

  Could any evidence actually prove that light goes on 

forever unless it is absorbed? 

 Then why do most scientists believe it? 

 Answer: They don’t believe it as an isolated 

hypothesis. They have confidence in a theory that 

implies light goes on forever unless it is absorbed. 



 

 

 

 

Science Learning in Design Mode 
Example from a Grade 4 

Knowledge Building Classroom 

 

Part of a long, student-directed inquiry into questions 

about light 

 



Experiments in the Database 















Our Problems why the colours of a rainbow are 

always in a specific order 

We have figured out an answer… Different light 

frequencies make different colours. Red has the 

longest wavelength and travels the fastest. Violet 

has the shortest… Red always gets its place first 

in the rainbow because it travels faster…. Violet 

is always last because it travels slower than all 

the other colours. The colours in between come 

in order from the longest frequencies to the 

shortest… 



Experiments in the Database 















Our Problems why the colours of a rainbow are 

always in a specific order 

We have figured out an answer… Different light 

frequencies make different colours. Red has the 

longest wavelength and travels the fastest. Violet 

has the shortest… Red always gets its place first 

in the rainbow because it travels faster…. Violet 

is always last because it travels slower than all 

the other colours. The colours in between come 

in order from the longest frequencies to the 

shortest… 



 

Class Portfolio Views 



Who Exercises Epistemic Agency? 

Teacher (T) or Students (S)? 

KB Other 

Recognizing real-world phenomena that need 

explaining 

S T 

Designing experiments S T 

Designing data analyses and presentation 

formats 

S T 

Drawing conclusions S S 

Explaining, relating to basic principles S T 



 

 

 

Analysis: Knowledge Building 

Contributing to Learning Goals  

• Ownership—clear evidence of pride in knowledge 

• Immersion—in the whole domain of knowledge 
related to light 

• “Sense”—development of “light and vision” sense 

• “Thinking like” a scientist 

• Collective cognitive responsibility—helping advance 
theoretical explanations 



 

 

 

Knowledge mobilization—insuring that 

knowledge is widely shared and usable 

• Knowledge is widely accessible and represented in 

ways intended for peers: cf. views and portfolios open 

to all. 

• “Authoritative” source information is translated into 

knowledge that makes sense to the students and that 

answers their questions 

 

 



 

 

 

Web search and text material often yield 

information that is inadequate and does 

not answer deep questions 

• Search question: “Why are the colors of the rainbow 

always in the same order?” 

• First answer retrieved: “Sunlight enters each and every 

drop of water and the colors are given out as if the drop 

of water was a prism. This bending and reflecting 

happens at the same time in all the droplets of water 

and that is what forms the colors of the rainbow that 

you see after it rains. The spectrum is made of red, 

orange, yellow, green, blue, indigo, and violet.  

Rainbows are very special displays of all the seven 

colors of light in the spectrum.”  



Or else search yields information 

incomprehensible to naïve students 

“…when we see a rainbow and its band of 

colors we are looking at light refracted and 

reflected from different raindrops, some 

viewed at an angle of 42 degrees; some, at 

an angle of 40 degrees, and some in 

between…. Note that even though blue light 

is refracted more than red light in a single 

drop, we see the blue light on the inner part 

of the arc because we are looking along a 

different line of sight that has a smaller angle 

(40 degrees) for the blue.” 



 

 

 

Compare these to the students’ own 
answer 

We have figured out an answer… Different light 

frequencies make different colours. Red has the longest 

wavelength and travels the fastest. Violet has the 

shortest… Red always gets its place first in the rainbow 

because it travels faster…. Violet is always last 

because it travels slower than all the other colours. The 

colours in between come in order from the longest 

frequencies to the shortest… 
 



 

 

 

Students’ theory may have weaknesses, 

but compare it to Sir Isaac Newton’s 

theory: 

“Nothing more is requisite for putting the Rays of Light 

into Fits of easy Reflexion and easy Transmission than 

that they be small Bodies which by their attractive 

Powers, or some other Force, stir up Vibrations in what 

they act upon, which Vibrations being swifter than the 

Rays, overtake them successively, and agitate them so 

as by turns to increase and decrease their Velocities, 

and thereby put them into those Fits.” 
 

Newton (Opticks, 3rd ed., 1721, p. 347) 

 



 

 

 

Distinctive Characteristics of the 

Knowledge-Building Inquiry 

• Questions are ones students actually wondered 

about.  

• Students actually confront scientific issues about the 

nature of light. 

• Students design and carry out experiments for 

purposes of understanding the phenomena they are 

studying. 

• They arrive at explanations which, though not 

original or profound, are superior to those in 

instructional material for elementary students. 



21st Century Advice to 

Students:  

Six Rules for Success in the 

Knowledge Age 



Six Rules for Success in the 

Knowledge Age 

1. Learn a lot. 

2. Understand it deeply. 

3. Learn to like ill-structured problems. 

4. Take risks with ideas. Extend your limits  

5. Improve your ideas. 

6. Make friends with thinkers. 



Learn a Lot 

• Prior knowledge the best predictor of comprehension 

and learning 

• The knowledge obsolescence myth 

• The search skills myth 



Understand What You Learn 

 A way to defeat knowledge obsolescence 

 A basis for transfer 

 Creative benchmarking 

 Deep understanding = Understanding deep things 



Learn to Like Ill-Structured Problems 

 Well-structured problems are OK for 

recreational purposes and for learning school 

subjects  

 But virtually all the problems of real life are ill-

structured 

 



Characteristics of Well-Structured 

Problems 

• The goal is clear from the beginning and usually does 
not change 

• The rules and possible moves are known 

• Easy to distinguish relevant from irrelevant information 

• All necessary information is available 

Examples 

• Chess (which shows that well-defined problems can be 
very difficult) 

• Many computer programming jobs 

• Most school mathematics and science problems 

 



 The goal is often not clear at the beginning and 

changes as work progresses 

 Rules and possible moves are not fixed (thinking 

“outside the box” is possible because the “box” is 

mainly inside the problem-solver’s head) 

 Many different kinds of information may or may not be 

relevant 

 No assurance that all necessary information is 

available 

Characteristics of Ill-Structured 

Problems 



Take Risks with Ideas 

 Darwinian, Skinnerian, Popperian, and Gregorian 
creatures 

 All four are present in educated humans, though 
transforming the environment is not an everyday 
possibility 

 It is in education’s power to help Skinnerian people 
become more Popperian on an everyday basis 



 No finality in theory or design 

 Problem solutions raise new problems and 

opportunities 

 Lakatos: Progressive vs. degenerative programs 

 Treating ideas as artifacts 

Improve Your Ideas 



Seek Friends Who Think 

 Recognized importance of peer group: delinquency, 

drugs, achievement motivation 

 Education can influence some social preferences more 

than others 

 Preference for conversational quality is key 



21st Century Advice to 

Teachers: Maximize Creative 

Work with Ideas 



• Exam preparation 

• Covering the curriculum 

• Doing schoolwork 

• Activity-centered methods (games, projects, etc.) 

• Overemphasis on facts 

• Overemphasis on opinions 

• Overemphasis on methods 

• Overemphasis on skills 

• Overemphasis on presentation 

 
Practices that Minimize Work With Ideas 



• Formulating authentic problems 

• Theorizing 

• Criticizing and improving theories 

• Designing and carrying out empirical tests of theories 

• Identifying information needed for idea improvement 

• Making connections among ideas 

• “Rising above” competing ideas 

• Assessing progress in knowledge building discourse 

 

 
Practices that Maximize Work With Ideas 



 The more students work creatively with ideas  

the more they learn,  

the more they innovate 

The Simple Story 



“What’s different about knowledge 

building?” Students themselves 

collectively think about 

 real ideas, authentic problems 

 analysis of predominant ideas in their group and how 
they have changed 

 sense of where they are headed, problems of 
understanding, and where their ideas fit in light of 
curriculum expectations 

 what about their ideas needs improvement 

 how as a group they can best make headway in 
improving them?  















 

 

 

Theorizing in Grade 1 

• Class does traditional walk outside to observe signs 

of spring. 

• Children notice trees on one side of the schoolyard 

are in leaf whereas similar trees on the other side 

are not. 

• Teacher leads children to list facts that need 

explaining and to produce explanations of the facts. 

 















Spring-- 

My Theory Must Be Wrong 



The Quickest way to a Knowledge 

Building Community 

Get students committed to improving their theories, 

in a community of students committed to advancing 

not only their own ideas but those of the community 

as a whole. 

 

 


