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Education often not for “All”

• Often only the few best students learn

• Schools must serve average students and even  
those 2 SDs below average

• Must serve them before they drop out!
 

 

 
Theoretical distribution of student performance 

Below-average 

students must be 

reached 



Test scores in low-income 
countries are often poor

• Donors expect results

• Hope to see financing converted to 
information

• Lower-income countries rarely take effective 
actions to improve learning outcomes

– Often do not know exactly what actions to take
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Average child in lower-
income countries ranks
around the bottom 3% 
of 10 higher-income
countries



Some obstacles to effective actions 
in improving learning outcomes

• Valid advice is in short supply

• Emphasis on personal experiences, opinions, 
philosophies, “best practices”

• Without a good justification ‘’pedagogy’ has a  weak 
status

• International organizations claim to have no 
expertise on “pedagogy”

– Often look for social explanations of school failure rather 
than instructional 

– school environment, self esteem, classroom climate etc



Limited insights about effective 
instruction in low-income countries

• Donor staff would like lower-income countries 
to get school systems of ‘’western’’ calibre

• But children of middle-income parents handle 
complex tasks early on

• Some donor-proposed solutions are too 
complex, expensive, inappropriate, 
unsustainable



What body of knowledge can help 
solve our problems?

• Commonalities of human cognition

• All humans pretty much think the same way

• Memory in animals (and humans) evolved for 
survival purposes in certain ways

• Sometimes they seem a bit strange…



Cognitive neuroscience =
Cognitive psychology + neuroscience

• Cognitive psychology  - memory experiments since about 
1875 (Ebbinghaus)

• Many memory principles experimentally discovered in the 
1940s- 1990s

• Material is a bit complex, needs effort to ‘translate’ to 
education

• Faculties of education rarely teach this material

• Older knowledge more pertinent for lower-end functions

• Neuroscience may become more pertinent for complex 
cognition
– Brain imaging can almost tell what you think!



What advice do we get from 
cognitive neuroscience?

• Advice is mainly towards the basic skills, lower 
levels of education (where most fail):

• working memory capacity

• automaticity

• visual pattern recognition

• the functions of practice and feedback 

• How teach and organize information so that it 
pops up whenever needed



Performance of poor students largely explained 
by a few cognitive psychology findings

• Our minds work in narrow timeframes – milliseconds !

• Long chains of skills can only be composed from practicing 
and automatiing shorter ones

• New information is best retained if classified on the basis of 
meaning 
– and if there is an exact prior “hook” to hang it.

• A well-practice skill is more likely to “pop up” when needed

• Feedback is needed to know if we are doing things right

• If instruction respects these principles, achievement tests will 
show the outcomes.



If you understand these principles, 
you can gauge the viability of concepts such as:

• Constructivism

• Active learning

• Child-centered learning

• Teacher-centered instruction

• Classroom climate

• Quality of education

• Zones of proximal development



This presentation will present: 
Examples of neurocognitive principles in teaching

• classroom methods and activities more likely 
to help retain basic skills

• Effective training for teachers of limited 
education.

• Evidence-based early-grade assessments

• Would UNESCO benefit from enhancing its 
expertise with this knowledge?



Our minds work within narrow 
timeframes

We must act in milliseconds !!



Why is speed important?
Short-term memory capacity 

determines how we learn and act

• Fluency must be the goal of all training

• Automatic, fluent performance needed for 
frequently used skills

• If we search the mind for answers, we forget 
the problems we tried to solve !



working memory capacity

Why speed is needed for all skills

(working memory)

Long-term memory

12 seconds at mostAbout 7 items

4 pictures

Cognitive networks

125 gigs 

semantic memory !



To fit info into working memory, our mind uses practice to 
build ever-larger chunks 

All sophisticated skills start small
difficult to compose long chains at once



Chunking and automaticity 
example



Implication of working memory capacity:
Fluency must be the goal of all training

• Practice shortens reaction time, we do things 
without much attention:

– Reading

– Math calculations

– Vocationally related skills

– Gas chromatograph, computer operation, etc.

• Time, materials, homework must be used to bring 
about fluency

• So what is the most important goal in beginning 
literacy?



Reading mystery:
If you read too slowly, by the end 
of a sentence you may forget the 

beginning !
Why?



working memory capacity

Why speed is needed for all skills

(working memory)

Long-term memory

12 seconds at mostAbout 7 items

4 pictures

Cognitive networks

125 gigs 

semantic memory !



5 words per 

minute.

Benchmark = 60



35 words per minute



Reading fluently enough 
to understand?   

45-60 wpm correctly?

• Rural Indonesia grade 2
– simple spelling rules, good class time use

• Rural Niger – best 6th grader, graduating in 3 weeks
– Study only in French, time use uncertain

C:/education/indonesia-videos/indonesia-semarang-gr2-3-rural.MPG
C:/education/niger-videos/Niger-biba-response.MPG


Efficient literacy training:
Synthetic phonics and practice

Analogies to automatize small units 
(many not usable in English)  

 a e i o u

  

B ba be bi bo bu 

C ca ce ci co cu 

D da de de do du 

F fa fe fi  fo fu 

G ga ge gi go gu 

H ha he hi ho hu 

Etc 

Letter  Fatha  Qasra Dhamma 

Ќ  Ќ̲ Ќ  ̴ Ќ̳ 

Ј Ј̲ Ј̴  ̴ Ј  ̳

Ϩ Ϩ ̲ Ϩ̴ Ϩ ̳

Ф Ф̲ Ф̴ Ф̳ 

ϸ ϸ̲ ϸ̴ ϸ̳ 

Є Є ̲ Є ̴ Є̳ 

Ѐ Ѐ ̲ Ѐ ̴ Ѐ ̳

cte 
  

 

C:/education/cuba-gr1-phonics.wmv


Synthetic phonics are simpler visual patterns
See both in this Senegalese adult education book

Jola fony adult literacy, Summer Institute of Linguistics, Senegal



Syllabic scripts of East Asia need more 
practice for automaticity



Students becoming fluent late 
may always read slowly

have limited comprehension

• If they finally learn reading in grade 6
– They may read 70 wpm in grade 8

• They get no more textbooks by grade 8
– They will read little in secondary school

• University or teacher training colleges
– They cannot read fast enough to consult sources

– Or read volumes of text
– At 110 words per minute, it takes 5 minutes per page

C:/education/Mozambique-videos/moz-gr10-read-slow.wmv
C:/education/Cambodia-videos/Cambodia-gr6-reading-indiv.MPG


Reading speed has long-term effects on 
secondary and higher education

• Students must build up fluency to consult multiple 
authors, read from the internet

• Structured teaching, practice with textbooks the 
simplest way to build up fluency 

• High reading speed is needed to scan text and consult 
multiple sources

• How long does it take to scan a text at 80 wpm?    

• Reading speed predicts whether classroom learning can be 
reasonably expected to happen in later years.

– Given the fact that knowledge is cumulative



Research implications for reading 
fluency benchmarks

• 45-60 words per minute for all (better 60)
– In just about every language and script:

• By the end of grade 1 students should “crack the code”

• By the end of grade 2 at the lateststudents should 
read common words fluently 

• Students in grade 7 (1st secondary year) should read 
about  120-150 words per minute and summarize what 
they read



Writing fluency: 
testing and potential standards

If we write too slowly, we forget what we were trying to write!

Measurement:

• give a theme, children think for one minute, write for 3 
minutes.  

• Measures of writing length predicted various test scores in 
younger students (grade 2) in the US

• measures of accuracy (% correct) predicted performance for 
6th graders in the US

• much slower rates than reading:  in US total words average 
were 25 in gr. 2, 39 in gr 4, 44 in gr. 6.  



Similarly in math, students need fluency, 
automaticity

• Mathematics are innate to some extent

– Babies, animals manipulate about 3 items

– Addition and subtraction more “natural”, multiplication 
and division less so

• Triple code in the brain: sense of quantity, 
number name, symbol – must come together

– Automaticity needed  or students will get lost in 
calculations!!!

– To solve 34 times 7, several steps needed: 7 times 4, then 
7 times 3 -- and briefly remember the answers

h

C:/education/nepal-videos/nepal-math-fingers-gr5.MPG


Develop and straighten early the number line 
people have in their heads

Predictions

Measurements

Comparisons

Combining shapes

The brain decides that 10 > 

1 faster than it decides that 

80> 70

Magnitude processing 

young students, illiterates



How can students be helped 
to learn most efficiently?

Learning can become more efficient 
by understanding how people retain 

and retrieve information



Learning efficiency
How much time need for various students to retain 

permanently the sound and shape of   S  ?
How to shorten the time?

 

 

 
Theoretical distribution of student performance 

Below-average 

students must be 

reached 

Single exposure 

of 5 secs

10 exposures of 

10 secs each

30 exposures of 

10 secs each

Hypothetical data

Class activities must give sufficient time



the mind classifies incoming info in complex categories
Details forgotten, but the category schemes remain

Items are usually categorized on the basis 

of meaning (particularly after age 12)Children in particular may classify 

items in series

Categories honed with practice, 



To retrieved and used, info needs to be connected
Organization and links among items crucial for 

retention of info
ÅInformation is recalled along the same paths on which it 

was encoded
ïE.g. remember a foreign language better by reviewing 

your old books, going where it was spoken
ÅPlaces, time, smells, are encoded with the information 

(encoding specificity)
ïProust and the “madeleines”

ÅItems best remembered if hooked to similar concepts
ï‘’hooks of proximal recall?’’

http://www.greenmountainfireandhammer.com/wp-content/uploads/2008/05/hook_4.jpg


The more knowledge we have, 
the more we have hooks 

to hang new items

ÅFast reading, fast intermediate calculations 
reward learners

ïhelp create ‘self motivated learners’

ÅElaboration, practice reconfigure networks

Å10 years of practice create expertise

ÅInnovation, creativity – research ongoing on 
these issues

http://www.greenmountainfireandhammer.com/wp-content/uploads/2008/05/hook_4.jpg


Poor-quality schools may just teach 
items in loose series

The heroes of the revolution areé

The principles of constitutional 

law areé.

2x2=4, 2x3=6, 2x4=8, 2x5=10é.

ÅNote: Information is recalled along the same paths on which it was encoded

Students may just recite or listené

C:/education/Honduras-videos/recitation.MPG


Schools of the poor Schools of the better-off



Items of networks are connected through
Elaboration, contemplation:

• “Contemplation” activities help transfer items 
to multiple or different classifications

• Some such activities may be “active learning”

• Really active processing

• Students doing elaboration activities connect 
knowledge in many ways

– E.g. Connections to motor networks

• Multisensory inputs

– Then knowledge “pops up” whenever needed



Efficient classroom activities
based on neurocognitive research

• Brief lecturing with examples, analogies

• Asking students at random to answer 

– variable ratio reinforcement best maintains attention

• Elaboration, contemplation of the material 

– retrieval, recombinations, analyses

– Selective use of groups 

• Textbooks, other structured material to acquire 
automaticity

– Students should copy or take dictation only as a curricular 
activity



But instructional time wastage
shortchanges learning

Teacher off task (India)



Instructional time is what the governments pay for

But only a fraction of the investment 

is actually converted into learning time

Class time as allotted by a government (e.g., 200 days, 1000 teaching hours) 

Remaining after school closures (strikes, weather, teacher training, extra holidays) 

Remaining after teacher absenteeism and tardiness 

Remaining after student absenteeism 

Class time devoted to 
any learning task  

Learning 
time 
relevant to 
curriculum 

 

C:/education/br-pernambuco-time.MPG


Bangladesh:  
One student recites, rest unoccupied

C:/education/Cambodia-videos/cambodia-speedread-single-reads-bored.MPG


Time wastage in Cambodia
Final class of the day ends 10-20 minutes early

students wait for the bell



Lack of textbooks translates into time 
wastage at all levels

• Copying, dictation necessary 

• Due to a lack of knowledge and materials, 
teachers do very few activities 

• Teacher boredom: Could you spend 20 years 
in blackboard transcription?

C:/education/malawi-videos/malawi-blackboard-copy.MPG


Students may spend much 

of their time not seeing the 

blackboard !!

Do these students 

discriminate among letters  

of the blackboard from this 

distance? 



Without textbooks, students copy
spend little time in elaboration

Examples of dictation

30 seconds to read, more than 7 minutes to dictate the 
sentence:

ά[Ŝǎ ƛƴŘǳǎǘǊƛŜǎ Francaisesont connu un développement 
considerablemais rencontrent des difficultés dans le domain
des ressources..»

Matématique 3ème – collège privé

C:/education/burkina-2009/burkina-dictee.MPG
C:/education/burkina-2009/burkina-dictee-gr10.MPG


How to train teachers of limited 
education?

• Poor outcomes of many training schemes

• They have watched poor teaching practices from 
their own teachers

– And so have the teacher trainers

• Social learning research:

– on video-based role modeling

– What would be the magnitude of effect?

• And why should they perform? More needs to be 
understood about their incentive structure

C:/education/liberia/liberia-Ollie Lesson.wmv


Interventions for all countries and levels 
Topics for capacity building

• Fluency of basic skills 
– emphasis on achievement in grades 1-2

• Prior knowledge needed for a specific topic (hooks)

• Textbooks or a structured set of materials per student

• Use of allotted time for instruction, practice, elaboration

• Teacher training for  appropriate (elaboration) activities
– video-modeling methods more efficient in behavior change

• Supervision of the relevant teaching activities
– Frequent feedback and reinforcement to teaching staff, given the way 

the brain’s reward system works



Learning assessments could 
follow more closely the 

neurocognive needs of lower-
income students



If students learn the basics efficiently
test scores should improve fast

• Improvement can take one year rather than 
10 or 20.

– Improvements in 2nd PASEC in 2 years

– SACMEQ in 6 years

– grade 4 TIMSS in 4-5 years

• Students can then learn the curricula of higher 
grades, critical thinking, complex skills

• Teacher training, textbooks, remediation are 
prerequisites



UNESCO might greatly benefit 
from using this information

• To survive and get funding, organizations 
must focus on results. 

• There is a need to provide expert advice for 
improving quality of education

• Can UNESCO be for education what WHO is 
for health?

– Provide evidence-based approach to teaching

• Can its 52 offices give state-of-the-art 
knowledge about improving instruction?



Specifically in East Asia UNESCO 
can promote knowledge about

• Instruction in syllabic scripts

• Greater use of computerized devices

– Electronics available to help speed up fluency in reading 
and math

– Videogames for improved memory, dyslexia, dyscalculia

– Fraction sense software to increases math ability

• More targeted neuroscientific studies can be done 

– Assess students’ sense of approximate estimation

• Experimental paradigms to develop self-control for 
labor market use

• Teachers are better educated, more can be done



Specialized Electroencephalogram
Event-Related potentials (ERPs)

Feasible research tool for monitoring reading and math acquisition



Event-related potentials
equipment



Eye-tracking equipment
for reading, textbook formats etc



Potential websites for monitoring 
evolving research

• www.memory-key.com

• Eurekalert.org

• Sciencedaily.com

• Livescience.com

• Newscientist.com

• Etc
• http://www.nationaltechcenter.org/index.php/2009/09/11/case-fraction-sense/

http://www.memory-key.com/
http://www.memory-key.com/
http://www.memory-key.com/
http://www.nationaltechcenter.org/index.php/2009/09/11/case-fraction-sense/
http://www.nationaltechcenter.org/index.php/2009/09/11/case-fraction-sense/
http://www.nationaltechcenter.org/index.php/2009/09/11/case-fraction-sense/
http://www.nationaltechcenter.org/index.php/2009/09/11/case-fraction-sense/
http://www.nationaltechcenter.org/index.php/2009/09/11/case-fraction-sense/


Efficient instruction of basic skills (e.g. literacy in 

Papua New Guinea)

Benchmarks development, quality assurance (e.g. 

how to measure math achievement quickly and 

cheaply)

How to prepare students able to learn new 

material fast for the labor market

Reaching out-of-school children and handicapped

Innovative educational finance

The Education for All Fast Track Initiative fund 
activities involving low-income east Asian countries



What are your comments and 
views?

Thank you for coming!



Extra slides



Reading level after 1 year of instruction
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Reading lists of words

Seymour et al. (2003), British Journal of Psychology`



Items per minute when reading word lists
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U.S. Oral Reading Fluency Norms 
connected text - Spring

Hasbrouck and Tindal (2006)

Grade 50th %ile 25th %ile 10th %ile

1 53 28 15

2 89 61 31

3 107 78 48

4 123 98 72

5 139 109 83

6 150 122 93

7 150 123 98

8 151 124 97

“Oral Reading Fluency Norms: A Valuable Assessment Tool for Reading Teachers.” The Reading Teacher, 59, 2006


