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Developmental Neuoscience: Implications for
Farly Childhood Intervention and Education

* Summarizing the achievements of developmental neuroscience, identifying

. key endings and insights of potential interest to practitioners and policy-

makers, and then to consider what, if any, implications there are for practice
or policy in the field of early childhood intervention and education.




DEVELOPMENTAL NEUROSCIENCE:
SCOPE AND ACHIEVEMENTS

Developmental neuroscience encompasses a wide range of interdisciplinary
research, including clinical and nonclinical human studies and animal studies, at the
molecular, cellular, chemical, genetic, physiological, behavioral and cognitive levels.

This has been helped by new investigative techniques (such as functional magnetic
resonance imaging and positron emission tomography, which, by monitoring small
changes in blood flow, make it possible to identify which regions of the brain are
implicated different psychological processes).

Findings from clinical studies of brain damage in humans, animal studies and
quantitative electron microscopy. Findings in 5 particular areas have attracted
interest.




Findings 1in 5 particular areas

Prenatal development

Synaptogenesis and synaptic loss

Sensitive periods

Ettects of environmental complexity

Neural plasticity




Prenatal development

Interest prenatal development of the brain has focused on factors, particularly in the first trimester, that
threaten later development

There are three categories of factors: infectious disease (rubella), neurotoxins (alcohol, tobacco), and nutrient
deficiency

Fetal alcohol syndrome, estimated to occur at a rate of 1-3 per 1000 live-births, can lead to a loss of neurons,
severe neurobehavioral impairment and impaired cognitive functioning, among other problems.

Malnutrition has long been known to limit brain size, but, in terms of specific nutrients, a deficiency of iron
has been shown to have profound effects on general motor and cognitive functions.

This may be due to its role in neurotransmitter synthesis, myelination, oxidative metabolism and memor
o 3 3 % >, MY 5 y
processes in the hippocampus.
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Prenatal development

* The vulnerability of the developing brain to these early biological insults

. might be considered to be an issue beyond the concerns of early childhood

intervention and education, but there is an increasing recognition that, to
succeed educationally, programs need to integrate health and antenatal
interventions with educational interventions




Synaptogenesis and synaptic loss

* Brain development is not so much about the growth of neurons (whose number

. does not appear to increase greatly after birth) as about the growth of connections

between neurons, i.e. synapses.

There 1s evidence that synaptogenesis in the young involves a considerable
overproduction of synapses followed by the loss of many of these.

Synaptogenesis, followed by synaptic loss, peaks at different ages in different areas
of the brain, for example in the visual cortex at around 6 months and in the
prefrontal cortex at around 1 year, the loss continuing until adolescence.




Synaptogenesis and synaptic loss

The period of rapid synapse formation appears to end around 3 years of age

The reasons for this overproduction and loss are not well understood, but it
has been suggested that frequently used connections are strengthened
whereas those rarely used are lost. ‘Use it or Lose it.

The fact that the production and loss of synapses is taking place in very

young children has led, some advocates of early childhood intervention and
education to argue that children in the zero to three’ period need maximum
stimulation of all kinds so that as many synapses as possible can be retained.




Critical period vs. Sensitive periods

* In 1965, Weisel and Hubel reported a study8 in which they deprived
. newborn kittens of their vision in one eye

* After 3 months, the eye was uncovered. It was found that the cat was
virtually blind in that eye and that the visual cortex had failed to develop

* No recovery of vision was found, and it therefore appeared that the animals
had missed a critical period for development.




Sensitive periods

Subsequent research has led to the term ‘critical period’ being replaced by ‘sensitive

period’

The former suggested something irrecoverable, whereas it now appears that, at least
in the case of cats deprived of vision, some recovery is possible, depending on the
period of deprivation and the extent to which the affected eye 1s required to be used
afterwards

The term ‘sensitive period’ suggests that there may be appropriate time windows for
certain development to take place but that some later catching up.




Sensitive periods

* It would be very helpful to know whether there are sensitive periods for the

. development of cognitive abilities such as language, but what evidence there

is on this issue comes from developmental psychology rather than
developmental neuroscience.




FEttects of environmental complexity

* In studies from the 1970s onwards, Greenhough and colleagues have
demonstrated that environmental complexity has an influence on brain
. development in rats.

* Rats aged 21-25 days were reared in one of three environments: ‘isolated’
(one rat in a laboratory cage), ‘social’ (several rats in a cage) and ‘complex’ (a
larger enclosure, including structures, apparatus and obstacles, and shared
with other rats).




FEttects ot environmental complexity

After 30 days, the rats’ brains were examined.

Those which had experienced the complex environment were estimated to
have 20 -25% more synapses per neuron in the visual area than the others

The brains of those reared in the ‘social’ environment were not much
different from those reared in the ‘isolated’ environment.

This research has attracted the attention of many advocates of early
childhood intervention and education, leading some to imply that ‘enriched’
environments in the early years can boost brain power by 25%.




Neural plasticity

* Although developmental neuroscience focuses on the young, it should, of

. course, be informed by findings relating to mature organisms.

* Greenhough has shown the brains of adult rats also form new synapses in
response to new experiences and apparatus.

* This kind of synaptogenesis, termed ‘experience dependent’, suggests that
the rats’ learning need not be limited to a particular period.




Neural plasticity

* Neural plasticity and sensitive periods represent opposing conceptions of

. development.

* Complete plasticity would imply that learning can take place at any age and
that it is never too late for intervention. Sensitive periods in the early years,
however, would imply a crucial role for early intervention and education.

* Developmental neuroscience provides support for both concepts, and a
major task for the future will be to identify the definite learning domains and
conditions in which each operates.




In a special edition of Educational
Psychologist (1992) devoted to
Brain and Education, research
papers by a range of well
respected cognitive
neuroscientists and psychologists
review neurophysiological
research relevant to issues such
as reading and writing acquisition,
metacontrol, explicit memory

and generative learning processes
(Whitebread, 2002).

|. Learning changes the physical
structure of the brain

2. Structural changes alter the
functional organisation of the
brain; in other words, learning
organizes and re-organizes the
brain

3. Different parts of the brain
may be ready to learn at different
times.(Bransford, Brown, &

Cocking,1999)




» «Each individual brain is different: there are individual
differences in brain morphology with origins in prenatal
development.The human brain in the first few years is

peculiarly open to environmental influence» (Whitebread,
2002).



Learning environments that facilitate early
childhood development

enable unscripted

opportunities for
play and social

engagement

surround children in
language-rich
environments

support inquiry



Materials

are chosen for their capacity to stimulate
the young child’s brain activity and
development of neural pathways;

are chosen for their familiarity to infants so

as not to overstress them with novel and
new sights, smells and sounds.

People

build warm and positive relationships with
children;

reduce stress in children’s daily lives;

emphasize the development of secure and
reliable relationships;

focus his or her interactions with children
on critical periods for their learning.

Time

is planned to keep stress to a minimum;

is geared towards maximizing brain
stimulation during critical periods of brain
growth.

Space
is planned to keep stress to minimum;

is organized to enable the child to receive
stimulation of the brain during critical
periods of its growth.




An extensive range of implications for education in the early years has been
identified in the literature. Some of those implications are that:

Brain development and, thus, later cognitive development is helped by a
curriculum which encourages young children to be active, to question and
to construct their own understandings and meanings (Puckett et al. 1999).

Young children’s brains process information best when it is presented in
‘wholes’ and when children can make sense of it in their own time and in
their own way (Puckett et al. 1999).

Positive, nurturing environments are important to healthy brain growth
(Catherwood 1999).

Stressful environments cause us to produce a hormone (cortisol) that can
reduce brain cells and neural connections (Dockett 2000).

Stimulation in the early years is important.



Implications for Practice and Policy

» Since the mid-1990s, there has been an extraordinary
upsurge in claims that findings in developmental
neuroscience have major implications for early childhood
intervention and education. We can review such findings
under the five headings:



» Prenatal development

» Synaptogenesis and synaptic loss

» Sensitive periods

» Effects of environmental complexity
» Neural plasticity (Hannon, 2003)



Further Suggestions

» «Whether neuroscientific research will be able to help further with
a range of unresolved but important questions in early education is,
however, still a matter of conjecture and debate. Some questions
which might be amenable to this kind of work include:

» can we be more specific about developmentally appropriate kinds of
experiences at different stages/ages!?

» what are the precise nature of individual differences at birth (eg
between boys and girls), and what abilities are most susceptible to
the influence of experience and learning?

» how and why do certain kinds of experience enhance learning (eg:
play)?
» what are the key elements in a positive, nurturing social/emotional

environment and how does this impact upon development and
learning?» (Whitebread, 2002)



» Can giftedness be introduced!?
» Can disabilities be prevented?

» Is talent a result of finding specific stimuli at certain
critical or sensitive periods in neural development?

(OECD, 2012)
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Early/Language Learning |,
andLiteracy: Neuroscience

Implications for Education
\_/Patricia K. Kuhl (2011)|

)\

* Rapid advances have been made In noninvasive
techniques that examine language processing In
young children.

» Electroencephalography (EEG)/Event-related
Potentials (ERPS)

» Magnetoencephalography (MEG),
» Functional Magnetic Resonance Imaging (fMRI),
» Near- Infrared Spectroscopy (NIRS).




Fig. 1. Rour technlques now used extensively Wlth infants and young
children to examine
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EEG/ERP: Electrical field changes

Excellent temporal resolution
Studies cover the lifespan
Sensitive to movement
Noiseless

MEG: Magnetic field changes

Excellent temporal & spatial resolution
Studies on adults and young children
Head tracking for movement calibration
Noiseless

fMRI: Hemodynamic changes

Excellent spatial resolution

Studies on adults & a few on infants
Extremely sensitive to movement
Noise protectors needed

NIRS: Hemodynamic changes

Good spatial resolution

Studies infants in the first 2 years
Sensitive to movement

Noiseless




Early Language Learning
. and Literacy: Neuroscience

Implications for Education
Patricia\K. Kuhli

Foreign-language exposure

Live exposure Television exposure

Mandarin Chinese phonetic discrimination
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Early Language Learning,
.and Literacy: Neuroscience
Implications for Education
Patricia K. Kuhl (2011

+ The need for social interaction in Ianguage
acquisition is shown by foreign-language
learning experiments. Nine-month-old infants
experienced 12 sessions of Mandarin
Chinese through (a) natural interaction with a
Chinese speaker (left) or the identical
linguistic iInformation delivered via television
(right) or audiotape (not shown). (b) Natural
Interaction resulted in significant learning of
Mandarin.




What Children/Are Looking at During Shared
Storybo\qk Reading Evidence From Eye Movemét

~Monitoring(Evans & Saint-Aubin,2005) /

 Two studies were conducted to determine
the extent to which young children fixate

on the print of storybooks during shared
book reading.

* In both studies, children spent very little
time examining the print regardless of the
nature of the print and illustrations




What Childreny Are Looking at During Shared
StOFybéok Reading Ewdenge From Eye Moveme:

Monitoring(Evans & Saint-Aubin,2005)/

 Eye movements were measured with an SR
Research EyelLink Il system.

* Alight headband and three camera
systems were used to simultaneously track
both eye and head position (to allow
compensation for head movements).




Sex Dlﬁerences in Infants™Visual Interest in Toy)%f

Alexander WI|COX & Woods (2009) /
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\Spatial Working Memory in

“Children(Nelson et al. (2000)

Trial 1

Lian r

Trial 2

+|.

oW N

Yisual Condition
no response
no response
no response

no response

Motor dei];igj

button |
button 3
button 2

button 4

/ /‘/
+
Memaory (2 back)} Condijtion
1o response
no response
button 1
button 3

Figure ]. The behavioral paradigm. A colored dot was presented randomly in squares across trials. Tn the visual
task, participants watched the dot. Tn the motor task, participants pressed the button that corresponded to the




Functional magnetlc resonance |mag|ng (fI\/IRI)
was used to examine spatial working memory in
8- toll-year-old children tested under three
conditions. In the visual condition, children were
asked to examine the location of a dot on a
screen. In the motor condition, children were
iInstructed to push a button that corresponded to
the location of a dot presented on a screen. In the
memory condition, children were asked to
remember the location of a dot presented




A summary activation map across all participants in the memory versus motor
comparison: (a) Activity in the middle frontal gyms, (b) Activity in the superior frontal
gyms. The colors indicate areas in which participants showed activation: blue = 7
participants; yellow = 6 participants; red = 5 participants.
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A study for_ environment facto

Promotion of neuronal activation,

signalling and plasticity Copyright © 2006 Nature Publishing Group

Nature Reviews | Neuroscience

Nithianantharajah and Hannan, Nat Rev Neurosci 2006: 7; 697-709




Researchers have examined enriching rat
environments with visual, motor,
somatosensory, and cognitive stimuli to
provide more novelty and complexity and
assess the emergent neurological and
behavioral changes (Nithianantharajah &
Hannan, 2006).




* Neuroscience Is beginning to link animal studie
of specific genetic regions to environmental
factors and to gradually explore parallel linkage
In humans (see Hyman, 2009; McGowan et al.,
2009)

« Children who were victims of parental abuse
during the first decade of life, for example, have
been shown to make incorrect judgments abour
facial expressions and overinterpret neutral

signals as threatening (Pollak & Kistler, 2002).

./




\ Linking Brain Research

\ .and Eederal Early\Childhood Proglgm/’
\ and Policies Kam Sripada. 2042

* Learning takes place throughout life, yet the
brain IS most sensitive to experiences early on,
both positive and negative.

» Babies are born with more neurons than they
will have as adults, and the neural pruning that
takes place during the infant and toddler years
IS a critical mechanism for development.

* The early years represent the most unigue and
valuable opportunity to support children’s
environment and promote healthy development




Although the restructuring of the state’s early
care system alone may not have immediately
impacted children’s outcomes, the process of
engaging researchers with policymakers raised
awareness of the neuroscience issues specific
to early life and helped promote meaningful
changes to the system




In a more recent example, a team of
neuroscientists, psychiatrists, social workers,
pediatricians, and others from multiple
universities collaborated on the Bucharest
Early Intervention Project (BEIP), which was
launched in 2001 to examine the biological,
cognitive, and emotional effects of early
Institutionalization in Romania (Nelson et al.,
2007)
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Bucharest Early Intervention’

| I N D

This study investigated the effects of early
Institutional care on memory and executive
functioning. Subjects were participants in the
Bucharest Early Intervention Project (BEIP) and
Included Institutionalized children, children with
a history of institutionalization who were
assigned to a foster care intervention, and

community children in Bucharest, Romania.
(Bos, Karen J., Fox, N., Zeanah, C.H., & Nelson, C.A. (2009) )




Figure 1. Screen shot of one of the
matching trials of the Delayed
Matching to Sample subtest.

Figure 2. Screen shot of one of t
trials of the Stockings of Cambric
subtest.
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* the U.S. Department of Education’s
Institute of Education Sciences(14.000
children)

* The Study of Early Child Care and Youth
Development at the National Institute of
Child Health and Human Development

(NICHD) (1000 children)




They Iinvestigated connections between type
of child care; number of hours spent in care;
and other factors related to health,
language, social, and cognitive outcomes at
elementary school entry—aspects that touch
on programs across federal agencies
(NICHD, 2006).
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Emerging neuroscience research on a number of
topics In early childhood development, including
brain changes accompanying interventions for
dyslexic children (National Science and
Technology Council, 2009). The National Science
Foundation has provided funding for translational
research connecting anatomical changes in the
brain with educational interventions, including

learning disabilities and dyslexia in children.




\ ECONOI\/IIC II\/IPACT

. l / /
o Research tylng ch|Id development flndlngs to

economic outcomes has focused on the High=
Scope Perry Preschool Project in Michigan, the
Carolina Abecedarian Project, and Chicago’s Child-
Parent Centers.

* These intervention studies have shown that
an investment during early childhood in high-
guality early childhood programs can more
than repay itself in later years (Knudsen et al.,
2006).




e The Souety for Neurosuenc (fN) coordmates a
number of advocacy initiatives that allow scientists tc
engage with congressional leaders and others with a
stake in policy that influences early childhood
settings. (Society for Neuroscience, 2009, p. 38).

* Brain Awareness Week, an educational outreach
effort to demonstrate the importance of
neuroscience research to a wide audience,
Including children and students.




* The Office of Program and Public Liaison (OPPL
at the NICHD, for example, coordinates
communication between the scientific network at
the National Institutes of Health and those
working on legislation and congressional reports
on Capitol Hill.
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* A major challenge for the communication of
science findings as they apply to early
childhood settings Is the creation and notice of
a consistent, evidence-based message.
Policymakers are flooded with information and
ideas from advocates on all sides. It is often
easier for them to rely on popular media and
non—research organizations to learn about
science rather than the researchers who

actually conduct the studies.




Neuroscienéé_, Play and Eafly Childhood Education: Connections, 7/

Implications ahd Assessment (Rushton, Juola-Rushton & Larkin(2000) / / /
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Prof. Dr. Nevzat Tarhan: "ilac yerine Noéroteknoloji" dénemi
basliyor...
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Uskiidar Universitesi'nin ilk dersi Uluslararas: Beyin Inisiyatifi Projesi

Beyin Uzerine yaptif arastirmalar ve calismalarla taninan Uskiadar Universitesi ve
akademisyen Dog. Dr. Sinan Canan, Uskiadar Universitesi'nin akademik yil agcilisinda
bulustu. Rektér Prof. Dr. Nevzat Tarhan, G20 Zirvesi'nde de ele alinacak ve proje
ortag oldugu Brain initiative Projesi'ndeki son gelismeleri aktardi. Universitenin ilk
dersi ise Dog. Dr. Sinan Canan’in beyin performansint artirmanin yollarim iceren
“Degisen Be(ylnim” sunumu oldu.
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BabyLab, Informatics Institute, Middle East Technical University, TURKEY
EMLAR IX, UiL-OTS, Utrecht University - Nederlands, January 30" - February 1%, 2013

Introduction

In two experiments, we presented infants (1) lists of low-frequency [back-front] vowel-harmenic
and -disharmonic words such as “kemir-mek” vs. “kemir-mak” and (2] lists of various [back-
front/round-unround] vowel-harmonic and disharmonic words such as “yordam-siz” vs. “yordam-
suz”. Orientation times between 8 test-trials of vowel-harmonic and —disharmonic lists were com-
pared.

-
Methodology

Tokens of morphologically complex stem-suffix sequences are used.

kesit -ler, -lar List of sample stems and
ibre €3 complete lists of [back/
LZ:: ::nd:an e front] and [round/
yaz -me, -ma I, -li, -lu, -l unround, back-front]
batak e, @ -l -lik, -luk, -lik suffixes
ade + -se, 53 us, -3
ove -elim, -alm , -du, -di
bayir -ecek, -acak | -3, -mig, -mug, -mug

. -sel, -sal -5z, -siz, -suz, -sUz

. -aik, -cik, -cuk, -citk

o -Imsi. -imsi. -umsu. -imsi

harmonic trials, at 6 or 10 menths, in [back-front] and [back-front/reund-unround] conditiens,
indicating that real Turkish stem-suffix sequences may be too rich in information so that infants
experience difficulties extracting the relevant phonological dimensions from them.

Interaction of Harmony & Halmu_ny Type Interaction of Harmony Type & Age

o HamionyType Age
£ Backness £ & Manths
H —Rounding £ 10 Manths
E oo E

Ea Fa

=2 28

£5 25

BY @

g i

F 5

2 2w / =

T T Backness  Rounding
Disharmanic  Harmanic
HarmonyType
Harmony

Howevwer, when analyzing only the very first trial of the experiment during which orientation
time is still high, we found evidence for discrimination even in the 6-month-olds, in particular
for [back-front] harmony.

o J

(vgiat.»

1

i [ . 3 s
Research Question m(r?ﬁ Oﬂ O(@) P1[H|D] Experimental Setup Looking Diagrams of Two Babies
In a longitudinal study with 6- and 10-month-old monelingual Turkish infants, we wanted to find I o ( P2 [H|D] 4 Practice trials: 2 harm + 2 disharm
out at what age they are/become sensitive to (1) [back-front] vowel harmony and (2} [round- ] . ., 8 Test trials: 4 harm + 4 disharm
unround/back-front] vowel harmony. M ® For palH10] Tedee °
N
" O o os w0 OO
m2 (] (]
Background i Q L? E‘ﬂ - O < 00000
T1[H|D] 5
Van Kampen et al. (2008) found that 6-month-old Turkish but not German infants preferred lis- ~ el o (@]
tening to [back-front] vowek-harmonic pseudo-words such as “letinn” over vowel-disharmanic o [?(’7 > e o0 o-© . e Rre
words such as “nelock” T7 [H|D] [0 Q Q Qﬂ
Furthermore, Mintz and Walker (2006} showed that 7-month-old American infants familiarized 78 [HI0] ol oo oo oo
with a continuous stream of artificial CV-syllables preferred listening to two-syllabic vowel- L J i
harmonic over disharmonic pseudo-words, presented in isolation. © - e
' N\ (3) Attentive (b) Unattentive
Results e v s omrods e s \
*circles indicates unimerrupted lookings priods. in this diagram red color indicates »5 sac looking periods.
When analyzing all 8 test-trials, no significant differences were found between harmonic vs. dis- .

p
New Experiment

zeybek-ten/-tan
yaylm-a/e
vantuz-a/e

As a consequence of these findings, we are currently conducting experiments with more con-
trolled stimuli, displayed on a computer screen and supported by attractive visual figures in or-

der to facilitate infants’ interest in the task. More clear-cut results are expected from this study.

This Project [111K226) is sponsored

egim-di/du zeybek-ten/tun
gover-lik/lik egim-di/du
uyluk-suz/siz gover lik/luk
\
-
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Tirkiye'de Erken Cocukluk Gelisim
Ekolojileri (TECGE) Calismasi

TECGE erken gocukluk dénemini incelemeyi hedefleyen ulusal ve baylamsal geligim
galgmasidir. TECGE, 3 yagtan 7 yasa kadar oluzan erken gocukluk baglamlarin sosyal-
duygusal ve biligsel gelisim y&riingelerine baglayan neden-sonug iliskilerini derinlemesine
caligmay hedeflemekeedir.
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fem gocukluk
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* Bazi calismalar gostermektedir ki,
zenginlestirilmis ortamlar bebeklerin ve kuguk
cocuklarin ogrenmelerini iyilestirebiliyor.
Cocuklarin tabletlerle egitsel oyun
oynamalarina izin verme de zenginlestiriimis
bir ortamda ogrenmeye ornek olabilir mi?
Hangi yaslarda aileler gocuklarinin tablet
kullanmalarina izin vermeli? Tabletlerdeki
mobil uygulamalarin kuguk yastaki cocuklarin
ogrenmelerine yardimci olmasi icin ne gibi

ozelliklere sahip olmasi gerekir? (Ecenaz
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