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   Scientific and technological thinking process

Cooperative learning
(roles)

2. Elicitation phase

- what are the ideas (hypothese)
- predictions - theories
- possibilities for a solution?
   = planning an experiment
   = make a design

1. Orientation phase

- practical problem
- operational question
- doing research in literature
- bringing the problem in relation

with earlier knowledge

3. Execution phase

- do the experiment
- carry out the plan/design
- summarizing the results

misconceptions

Reconstruction of
ideas
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5. application phase (transfer)

- application in different situations

4. Restructuring phase

- evaluation and conclusions
- metacognition

Problem solving

CONSTRUCTIVISM
Piaget, Bruner, Vygotski

1. problem identification

2. problem clarification

5. Evaluation

Learning to learn

Meichenbaum, reflecto

Feuerstein,
Haywood,

Greenberg

Visualise
the

different
stepts

Use colours

Dynamic (science)
assessment

ZPD,
(Vygotski)

Use strategic
charts

Mediation
(teacher)

Creativity

Cognitive functions

2. The Elicitation phase is
taking of knowledge and
creation of something new. It
is the creation of a new
hypothesis, the creation of a
new concept/design. This is a
very creative act. there’s a
need for tools to guide this
phase.

4. Reconstruction phase
Of most importance when
asking for a conclusion is
following up with a request for
why this conclusion was
chosen.
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Use of higher order questions:
apply, analyse, synthesize,… is
essential in creating creativity
and so creating change
= mediation (feuerstein)

- THINK FUNCTION
- Direct a variation in PROPERTY
- conflict PROPERTY creax

1. Orientation phase
tools:
- Brainstorm
- Mind Mapping (Buzan)
- Lateral thinking (De Bono)
- ...

GOAL of STIPPS: creating a learning line for scientific thinking in pre primary and primary school settings

Bloom’s
taxonomy:
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DO

CHECK

ADJUST

PLAN

3. development of a
plan

4. implementation of a
plan

6. Transfer (progress)

1. Scientific thinking process: our vision

2. Scientific thinking process – learning to learn
- cooperative learning
- blocks to learn
- mediated learning
- cognitive processes

3. Scientific thinking process - Creativity: an approach

4. Synthesis

The scientific and technological thinking process

ConceptualConceptual changechange
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The Problem-Solving Cycle

Samuels, M. (1994). 

Taking action in the classroom: 
Assessment 
and Program Planning for students with 
learning difficulties.

Similarity between Scientific thinking and 
problem solving!

1. Orientation
phase

2. Elicitation
phase

3. Execution
phase

4. Restructuring
phase

5. application
phase

Scientific thinking process

1. Problem
identification

2. Problem
clarification

4. Implementation
of a plan

5. Follow-up 
evaluation

6. progress

3. Development
of a plan

Problem solving process

1. Orientation
phase

2. Elicitation
phase

3. Execution
phase

4. Restructuring
phase

5. application
phase

Scientific thinking process

Progress

Learning to learn

Meichenbaum: based on
the think-aloudprogramof 

Camp ea (1976)

Similarity between Scientific thinking and 
learning to learn ! Cooperative learning

Herrenkohl, L., R., Sullivan Palincsar , A., et al. (1999) Developing Scientific Communities in 
Classrooms: A Sociocognitive Approach.
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Factors Relating to the Learning Process

The learner is an active thinker
(constructivism)

The teacher is a facilitator of learning
An effective teacher is viewed as

- A mediator

- One who is aware of the impact of 
personal beliefs on teaching

- A problem-solver who strives to
understand the unique needs and
characteristics of each students

Samuels, M. (1994). 
Taking action in the classroom: 
Assessment 

and Program Planning for students with learning difficulties.

Characteristics of Mediated Learning

• Intentionality:

- use of interaction to produce cognitive change

- what are we going to learn?

• Transcendence

- generalizable rules and principles are stressed

- where and when can we apply this again?

• Meaning & Purpose

- communicate the meaning and purpose for learning

- why?

• Communication of Competence

- communicate feelings of competence t o the learner
- specific feedback

• Regulation of Behaviour

- assist students to control their behaviour in learning situations

- encourage students to search for new goals, strategies to reach
these goals

Feuerstein

Mediational Teaching Style

• Process Questioning
- Promote thinking about the process needed and the content
- Continuous assessment of the student’s understanding

• Bridging
- encourage to think of other applications of the used strategies
- assess if the student can generalize what he is learning

• Challenging & requiring Justification
- challenge both correct and incorrect responses
- provide effective feedback for learning

• Emphasizing Rules & Strategies
- focus upon generalizable strategies
- make strategies explicit

Cognitive Processes

• Cognitive processing (or functions) takes place in 3 phases
(Feuerstein)

1. Gathering of information in the input phase
2. Processing of information in the elaboration phase
3. Performance at the output phase

• Difficulties in a number of processes mayinterfere with the accurate 
gathering, processing and output of information
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Cognitive processes

1. INPUT phase: gathering of information

Attention: use all senses to observe
Focus attention

Perception: planning and assembling data systematically
discriminate similarities and differences
based on critical features (precision)

Receptive Language: Use the right vocabulary

Considering two or more sources of Information simultaneously

Cognitive processes

2. ELABORATION phase: processing of information

Defining the problem: understanding of what is expected

Relevant and Irrelevant information: deciding which information is 
important for solving a problem

Making Comparisons: compare how 2 things are the same or different

Logical Reasoning : cause and effect relations

Memory: having a broad mental field, summarize, abstract, …

Visualization : the abilityto mentally picture information (frame of reference)

Developstrategies to test hypotheses

Cognitive processes

3. OUTPUT phase: performance at the output phase

Planning: Inadequate adjustment of time and tempo

Expressive Language: Being able to put into words what is known

The need to be accurate: trial and error responding and not knowing
how to solve the problem
Thinking before doing

Blocking or Non-responding: knowing the answer, but unable to
demonstrate it becauseof fear of 
being wrong

Visual-Motor coordination : transport of information

Learning to learn and scientific thinking
Synthesis

Duringmediation (eg dynamicscience assessment*), we 
have to focus on these cognitive processes, in order to
produce cognitive change.

The scientific thinking process can be an effective tool to
work systematicallyon these cognitive processes. 

…don’t forget creativity

* Magnusson, J. M., Templin, M., Boyle, R. A. 
(1997). Dynamic Science Assessment: A New 
Approach for Investigating Conceptual Change.



5

What is creativity?

Creativityis shared imagination

What is creativity?

Creativity is shared imagination

• ‘Imagination’ as novel memory and individual or personal
• ‘shared’ in the sense that someone becomes part of i t

Making someone aware of a novel, personal visualisation

• Creativity becomes innovative when a commercial 
application becomes apparent.

• If the creativity is not domain specific i t becomes an
invention

Are you creative?

“Solutions change, functions stay the 
same”

Take the water out Take the water out 
of the glassof the glass

http://www.creax.com/csa/
Are you creative?

Acoustic Cavitation
Acoustic Vibrations
Archimedes’ Principle
Bernoulli’s Theorem
Boiling
Brush Constructions
Capillary Condensation
Capillary Evaporation
Capillary Pressure
Coanda Effect
Condensation
Coulomb ’s Law
Deformation
Electrocapillary Effect

Electroosmosis
Electrophoresis
Electrostatic Induction
Ellipse
Evaporation
Ferromagnetism
Forced Oscillations
Funnel Effect
Gravity
Inertia
Ionic Exchange
Jet Flow
Lorentz Force
Magnetostriction
Mechanocaloric Effect

Osmosis
Pascal Law
Resonance
Shock Wave
Spiral
Super Thermal Conductivity
Superfluidity
Surface Tension
Thermal Expansion
Thermocapillary Effect
Thermomechanical Effect
Ultrasonic Capillary Effect
Ultrasonic Vibrations
Use of foam
Wetting

“Solutions change, functions stay the 
same”
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Creativity and product development

Three possibilities
Thinking FUNCTION
Direct a variation in PROPERTY.

Conflicting  PROPERTIES

current 
PRODUCT

new 
PRODUCT

Creativity and product development

directed variation ndirected variation n

PROPERTY n

VARIATION n

1. function 1

2. function 2

3. function 3

n. function N

function

new 
PRODUCT

verb

adjective

current 
PRODUCT

Creativity and product development

sharp cut

knife
broken glass
metal plate
teeth

breaking 
tearing 
bending  
pulling

PROPERTY FUNCTION
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Toolson creativity and scientific thinking

Alex Osborn Buffalo 

Brainstorming 1954

www.CEF-CPSI.org

Edward De Bono

Lateral Thinking 1974 

www.edwarddebono.com

Tony Buzan

Mind Mapping 1968

www.mind-map.com

1. Orientation phase

2. The Elicitation phase

• Think FUNCTION

• Direct a variation in PROPERTY

• Conflict PROPERTY

Taking of knowledge and 
creation of something new!

Creation of a new hypothesis, 
a new concept/design

Cognitive processes and scientificthinking
Synthesis

4y- 5y

10y -11y

8y- 9y

Primary
school
6y- 7y 

Preschool 
2½y-3y

Considering 2 or
more sources

Receptive languagePerceptionAttentionElements

Visualise the different steps of the scientific thinking process.

Through the process of scientific thinking one can work on specific 
cognitive processes by using a mediational teaching style.

Specific cognitive processes can be linked to specific stages in the 
process of scientific thinking.

Developmental Demands on the cognitive processes (learning line)

Use creativity tools to go further than the limit of capability!

METHOD
Science Learning involves

Construction of knowledge

Groupwork for construction
of knowledge

Peerlearning Mediation

Zone 
proximal

development

Language

Communication
competence

Metacognition

Brief Debrief

Durable framework for
science


