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LearningLearning
 

from a from a biologicalbiological
 

perspectiveperspective



Development

’Development is about creating 
something more from something 
less’

(Smith  & Thelen, 2003 p. 343



The lecture
• Theories

– Probabilistic Epigenesis
– Neural Darwinism

• Which consequences has this theories for 
our understanding of skill development 

– Empirical supports from research: motor 
skills, cognitive skills

• How can we have effect on 
development/learning

• Conclusion



Skill
• Skill refers to an action or a task that is 

carried out voluntary – with a clear goal or 
intentions

• The term skill refers to the level of 
proficiency on a specific task or limited 
group of tasks (Fleishman, 1966, p. 148)

• Action capacities (Csikszentmihalyi, 2008)

• Quantitative changes – new skills
• Qualitative changes - being better at 

specific skill



Ability
• Ability refers to a more general trait of the 

individual which has been inferred from 
certain response consistencies (e.g. 
correlations) on certain kinds of tasks 
(Fleishman, 1966, p.147/148)

• Scmidt (1991) argue that abilities are 
underlying, inherent, relative stable 
properties, while skills are trainable 

• One example – the visual system (Stein & 
Walsh, 1997) – developmental disorder





Development/learning

• Theories – research 
• Many theories have given us an exact description 

on HOW development happens 
• What is often missing in such a theories is WHY 

development happens. Which factors do trigger 
this changes

• Probabilistic Epigenesis (Gottlieb, 1998)
• Neural Darwinism (Edelman, 1987, 1992)





Probabilistic Epigenesis



GeneGene and and environmentenvironment

Stimuli Stimuli 

Stimuli Stimuli 



Dynamical System Theory 
– Esther Thelen



Edelman



The anatomical asymmetry in 
planum temporale of musicans







Individual differences



Edelmans theory
• Edelmans theory on ‘neural Darwinism’ 

argues that the process of learning can 
be explained as a process of selection 
that takes place inside the neural 
system. The theory emphasizes how 
stimuli and practice increase 
connections within specific areas of the 
brain

• Practice of a task strengthens the neural 
network that are used for that particular 
t k



Task specificity
• It is possible to argue that Edelman’s theory 

supports the perspectives of ‘task specificity’ 
of learning (Sigmundsson, 2005; Haga, 2008)

• By saying that training is specific, we mean 
that every particular skill is specific and 
should be trained specifically (Larkin & Hoare, 
2002)

• Motor skill learning- by training specific tasks 
– neuro-motor and perceptual – motor 
subsystems involved in that specific task 
may be tuned in (Sporns & Edelman, 1993)



Consequences – skill 
development

• Which consequences have this theories for 
our understanding of skill development

• Empirical supports from research: motor 
skills, cognitive skills

• Low correlation between different skills for 
example cognitive skills and motor skills

• Low correlation between different subtasks 
within a skill for example within motor skills 
and mathematical skills  



Between skills
• Kavale and Mattson (1983) – cogntive 

skills and motor skills
• Gunnarsdottir and Gunnarsson (2003) – 

cognitive skills and motor skills
– motor skills (age 6) – Icelandic (age 9); 

r=0.217
– motor skills (age 6) – mathematic (age 9); 

r=0.291
• Karlsdottir and Stefansson (2003) – 

reading simple word 1 class and writing 5 
class 



Effect of physical activity on learning?Effect of physical activity on learning?

Indirect Indirect –– NOT DIRECT NOT DIRECT –– coupling between coupling between 
physical activity and cognitive learning! physical activity and cognitive learning! ((KavaleKavale & Mattson, & Mattson, 
1983)1983)

Professor Stephen William HawkingProfessor Stephen William Hawking



Motor skill – balance



Motor skills

• Revie and Larkin (1993) 
– Clumsy children made improvements to the 

task actually taught



Motor skills
PC TB BT CBB RBG       OB JC WHR 

--------------------------------------------------------------------------------
PC 1 ,155 -,031 ,032 ,233* ,028 -,015 ,014
-----------------------------------------------------------------------------------------------------
TB 1 ,203 ,081 -,005 ,362** ,348** ,057
----------------------------------------------------------------------------------------------------
BT 1 ,243* ,109 ,130 ,071 ,160
--------------------------------------------------------------------------------
CBB 1 ,155 ,395** ,079 ,401**
----------------------------------------------------------------------------------------------------
RBG 1 ,045 -,136 ,614**
--------------------------------------------------------------------------------
OB 1 ,270** ,177
--------------------------------------------------------------------------------
JC 1 -,034
--------------------------------------------------------------------------------
WHR 1
-------------------------------------------------------------------------------
* Correlation is significant at the 0.05 level (2 tailed)
** Correlation is significant at the 0.01 level (2 tailed) 

(Haga et al. 2008)



Cognitive skills
Correlation (Pearson) between the 9 sub task of Basic Knowledge in Mathematics test (10 

year-old children, N=68). The sub task are: Addition (simple) (A); Subtraction (S); 
Addition Oral (AO);  Subtraction Oral (SO); Addition in a Text (AT); Subtraction in a Text 
(ST); Multiplication Oral (MO); Understanding the Clock (UC); Understanding the 
Calendar (UCA) 

A S AO SO AT  ST MO UC UCA
• -----------------------------------------------------------------------------------------------------------
A 1 ,55** ,44** ,46** ,27* ,18 ,34** ,32** ,19
• -----------------------------------------------------------------------------------------------------------
S 1 ,39** ,44** ,17 ,24 ,43** ,40** ,22
• ----------------------------------------------------------------------------------------------------------
AO 1 ,57** ,16 ,41** ,47** ,45** ,25*
• ----------------------------------------------------------------------------------------------------------
SO 1 ,24* ,48** ,57** ,47** ,19
• ----------------------------------------------------------------------------------------------------------
AT 1 ,14 ,11 ,17 ,14
• -----------------------------------------------------------------------------------------------------------
ST 1 ,42** ,53** ,09
• -----------------------------------------------------------------------------------------------------------
MO 1 ,47** ,46**
• -----------------------------------------------------------------------------------------------------------
UC 1 ,48**
• -----------------------------------------------------------------------------------------------------------
UCA 1
• -----------------------------------------------------------------------------------------------------------

Sigmundsson (submitted)



Cognitive skills

• Karlsdottir and Stefansson (2003)
– Reading competence – low correlations 

between  subtask within reading 



LearningprocessLearningprocess

UnderstandingUnderstanding
 

thethe
 

skillskill

AcquiringAcquiring
 

and and refiningrefining
 

thethe
 

skillskill

AutomatisationAutomatisation

GeneralisationGeneralisation

RepetitionRepetition

Motivation Motivation 

TryingTrying

 

and and 
practisingpractisingCopyingCopying

ImplicationsImplications

(Henderson & (Henderson & SugdenSugden, 1992; Haga et al. 2008), 1992; Haga et al. 2008)



Reading in 1 class – 6 years old



Specific training – starting with 
letter and the sound



Practical mathematic – Mads 7 
years –old



Kavale and Mattson (1983)

• Perceptual motor- training were not 
effective
–overall had a near zero effect – on 

academic achievement 
–the effect on motor skills  was also 

modest
–to little training – and to little 

specific training



Generality and SpecificityGenerality and Specificity
Generality:Generality:
Concentration,  Concentration,  
focus, interestfocus, interest

How do we create that?How do we create that?

Specificity:Specificity:
You develop what you You develop what you 
train train 

How do we learn/train in How do we learn/train in 
th b t ?th b t ?



Learning principles

• A review of intervention methods – general 
principles for teaching (Sigmundsson et al. 1998) 

• (1) Intensive – daily sessions 



Learning principles
• (2) The level of difficulty is set so that the child can 

manage the task, and the difficulty of the task is 
gradually increased as a results of the child success

(Csikszentmihalyi, 2008)



Learning principles

• (3) Frequent positive feedback is given



Learning principles
• (4) Selfmonitoring of daily achievements is 

encouraged in the child



Conclusion
• Gottliebs theory

• Edelmans theory



Conclusion
• Skill development

• Task specificity
– Empirical support for task specificity

LearningprocessLearningprocess

UnderstandingUnderstanding thethe skillskill

AcquiringAcquiring and and refiningrefining thethe skillskill

AutomatisationAutomatisation

GeneralisationGeneralisation

RepetitionRepetition

Motivation Motivation 

TryingTrying and and 
practisingpractisingCopyingCopying

ImplicationsImplications

(Henderson & (Henderson & SugdenSugden, 1992; Haga et al. 2008), 1992; Haga et al. 2008)



””be be thethe
 

best best thatthat
 

youyou
 

cancan
 

bebe””
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