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The new field of educational neuroscience

Psychology Neuroscience

SCIENCE OF
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Machine Learning Education

(Meltzoff, Kuhl, Movelland & Sejnowski, 2009)



The Vision

Brain Waves Module 2
Neuroscience:

implications for education
and lifelong learning

Fabruary 2011

“There is common ground between .
neuroscience and education that suggests a
future in which educational practice can be
transformed by science, just as medical
practice was transformed by science about a

century ago”

— Royal Society Report ‘Neuroscience:
implications for education and lifelong
learning’ (2011).



Educational neuroscience focuses
on mechanisms of learning

Learning
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Education:

Learning
Teacher training, skills, competence
Teacher recruitment
Syllabus
Assessment
Organisation of classroom (including class sizes, streaming, discipline)
Organisation of schools and educational structures
Resources (staffing, buildings, technology)
Health
Childcare
Parents, families
Social influences
Links to employment, labour markets
Links to truancy, crime
Education policy
Education law

Andy says: “Your list looks pretty comprehensive to me, though, and captures well the systemic side of things that I had in mind, which is driven essentially by sociocultural/political processes. I think the only other things I might want to include are more metal-level structures: overarching curricula, which vary quite a lot across the four home nations (to me syllabus is more about local delivery); overarching organization of provision (primary to tertiary in the UK, but also sub-divisions - again this varies quite a lot from country to country); and systems for promoting/monitoring professional development (e.g. the General Teaching Council in Scotland, the National College in England). There are also some cross-cutting themes that people get very focused on - leadership, school effectiveness and pedagogy are the big three. Pedagogy is something that we do talk to, of course, as a counterpart to learning.”


Socioeconomic Status

The challenge
What is SES?
Confounded factors
SES and behaviour
SES and the brain
Causal factors
Interventions
Genetics

The need for mechanistic accounts
Key unanswered questions




The challenge
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The problem (Heckman; gap doesn’t narrow – early intervention or consistent factors?)



The Heckman Graph

PERSPECTIVE

Skill Formation and the Economics of
Investing in Disadvantaged Children

James ]. Heckman

This paper summarizes evidence on the effects of early environments on child, adolescent, and
adult achievement. Life cycle skill formation is a dynamic process in which early inputs strongly
affect the productivity of later inputs.

We over-invest in
most schooling and
post-schooling
programs and under-

invest in preschool
programs for
disadvantaged

Nobel-prize
winning
Economist

Earlier work:
Job retraining
for adults isn’t
economic

Rates of return to human capital investment

Preschool programs

Schooling Opportunity

cost of tunds

persons

Preschool

Job training

School

Post-school

Rate of return to investment in human capital

Age
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Caption: “Fig. 2. Rates of return to human capital investment in disadvantaged children. The declining figure plots the payout per year per dollar invested in human capital programs at different stages of the life cycle for the marginal participant at current levels of spending. The opportunity cost of funds (r) is the payout per year if the dollar is invested in financial assets (e.g., passbook savings) instead. An optimal investment program from the point of view of economic efficiency equates returns across all stages of the life cycle to the opportunity cost. The figure shows that, at current levels of funding, we over-invest in most schooling and post-schooling programs and under-invest in preschool programs for disadvantaged persons. Adapted from (3) with permission from MIT Press.”

Published in Science, 2006


What is SES?



What is SES?

e Hackman & Farah (2009): “SES is a multidimensional
construct that includes measures of economic
resources in addition to social factors such as power,
prestige and hierarchical social status”

e A basket of environmental factors that seem to hang
together
— Income-to-needs ratio (family income)
— Maternal education
— Home environment (resources, order/chaos)
— Health
— Characteristics of parents
— Neighbourhoods
— Physical environment (pollution)
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What is SES? Basket of measures. Income to needs, parental education, absolute level (WHO), not just a humans are mean thing – animal dominance hierarchies [Sapolsky on baboons, bottom = more stressed, less resources, more getting beaten up, less food, fewer mating opportunities, die younger]
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Correlate about .5, (R2=.286)


Anything similar in other species?

e Analogous to dominance

hierarchies in other social Robert Sapolsky

primates? Neuroendocrinologist
e Stress in baboons in the (Sapolsky, 2005)
wild

e Lower ranked individuals
— more stressed
— less resources
— more getting beaten up
— less food

— fewer mating
opportunities

— poorer health
— die younger




Anything similar in other species?

e BUT

— Human psychosocial
stress of poverty is
subjective and relative

Robert Sapolsky
Neuroendocrinologist
(Sapolsky, 2005)

— Humans have multiple
hierarchies

— Animal models not
good for language,
higher level cognition



Relative vs absolute?



Relative vs absolute?
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Confounded factors



Confounded factors

Table 3 Intercorrelation among potential mediators and measures of socioeconomic status (n = 1009)

Measure 1 2 3 4 5 6 7 8 9 10 11
1. Birthweight -
2. Gestational age GTHHE -
3. Maternal depression —.02 .03 -
4. Negative life events 07* 07* 1 8FE —
5. Parent stress —.01 07* SOE* 10** -
6. Enrichment: Infant / 10%* .01 —.23%HE .02 —. 10%* -
Toddler
7. Enrichment:Early .05 —.02 — .24 %% —.01 —. 11%** STEEE
Childhood
8. Maternal sensitivity: J2%E —.02 — .24 %% .01 —. 2% 48FxE 46%*E —
Infant / Toddler
9. Maternal sensitivity: .09%* —.05 A —.01 —. 2% 40%x* A4k 59 —
Early childhood
10. Early income-to-needs .03 —.08* —.24H%* —.05 —.09%* T 49FHx A-HE* 42wk -
11. Maternal education 07* —.04 —.23Hkx —.03 —.06 40FH* 4OFHA* AOHE* Ry S8 HAE

* p <.05; ¥*F p < .01; ¥** p < .001.

NICHD Study of Early Childcare. N = 1009 children in US followed from birth to 8 years

Hackman et al. (2015)
Developmental Science



SES and behaviour



Differential across cognitive domains

significant effects; gray
bars represent effect sizes for nonsignificant effects.

Farah et al. (2006)



Differential across cognitive domains
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Figure 2. In first-graders, SES accounts for variance in neurocognitive composite measures of (a) ‘language’ performance on vocabulary and phonological processing
tasks; (b) ‘cognitive control’ measures of the ability to inhibit a prepotent response and (c¢) ‘working memory’, based on tasks assessing working memory of spatial location
and figural stimuli. SES accounts for statistically more variance in the language composite than in all other composites, which do not statistically differ from each other.
Figure adapted, with permission, from Ref. [18].

Hackman & Farah (2009)



SES and the brain



Gotgay et al. (2004): 5 to 20 year olds

Gray Matter
Valume
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Mention SCAMP study, teenagers and mobile phones, testing executive function skills and language functions


Time-Lapse Brain

m Gray matter wanes as the brain matures. Here 15 years of brain development are com-
pressed into five images, showing a shift from red (least mature) to blue.
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SES and the brain

The Effect Of Poverty On Kids’ Brains

One model showed that on average, children living below the federal poverty line had 7 to 10
percent less gray matter than other children of their age and sex.

Developmental
Gap in total gray matter, by socioeconomic status norms

-10% -8% -6% -4% -2% 0% +2%

Below 100% of the .
federal poverty level

Between 100% and 150% .
of the federal poverty level

Between 150% and 200% .
of the federal poverty level

Source: JAMA Pediatrics THE HUFFINGTON POST



Family income, parental education and brain structure
in children and adolescents

Kimberly G Noble!-232, Suzanne M Houston3-%-32, Natalie H Brito®, Hauke Bartsch’, Eric Kan*>,

Joshua M Kuperman®-19, Natacha Akshoomoff!?-12, David G Amaral'®!3, Cinnamon S Bloss!%14,

Ondrej Libiger!?, Nicholas J Schork!é, Sarah S Murray!'®!7, B J Casey!®18, Linda Chang!%1%,

Thomas M Ernst!®19, Jean A Frazier!%20, Jeffrey R Gruen!'%21-23, David N Kennedy!%2, Peter Van Zijl1%-24.2>,
Stewart Mostofsky!%2>, Walter E Kaufmann!%26:27, Tal Kenet!%-27-28) Anders M Dale8-10:29-31,

Terry L Jernigan!%11:12.29 & Elizabeth R Sowell+>10

Socioeconomic disparities are associated with differences in cognitive development. The extent to which this translates to

disparities in brain structure is unclear. We investigated relationships between socioeconomic factors and brain morphometry,
independently of genetic ancestry, among a cohort of 1,099 typically developing individuals between 3 and 20 years of age.

1-2% of
variability

LA

0.05

FDR-corrected
p values

N=1099
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Figure 1 Parent education is linearly associated with cortical surface
area (N = 1,099). (a) Multiple regression showed that, when adjusting
for age, age2, scanner, sex and genetic ancestry, parental education total was significantly associated (P < 0.05, FDR corrected) with children’s cortical surface area in a number of regions. (b) The association between parent education and cortical surface area was mapped to visualize regional specificity. Left hemisphere regions where this association was significant included the left superior, middle, and inferior temporal gyri, inferior frontal gyrus, orbito-frontal gyrus, and the precuneus. Right hemisphere regions included the middle temporal gyrus, inferior temporal gyrus, supramarginal gryus, middle frontal gyrus and superior frontal gyrus. Bilateral regions included the fusiform gyrus, temporal pole, insula, superior frontal gyrus, medial frontal gyrus, the cingulate cortex, inferior parietal cortex, lateral occipital cortex and postcentral gyrus.

Figure 2 Family income is logarithmically related to cortical surface area (N = 1,099). (a) Multiple regression showed that, when adjusting for age, age2, scanner, sex and genetic ancestry, family income was significantly logarithmically associated with children’s total cortical surface area,
such that the steepest gradient was present at the lower end of the income spectrum (β = −0.19, P = 0.004). Income data are presented on the untransformed scale, fitted with a logarithmic curve, to enable visualization of this asymptotic relationship. This differential rate of change is visualized with the brain maps, where the steepest change in cortical surface area
per unit income is visualized with warm colors and the shallowest change
in cortical surface area per unit income is visualized with cool colors.
(b) When adjusting for age, age2, scanner, sex and genetic ancestry, ln(family income) was significantly associated with surface area in widespread regions of children’s bilateral frontal, temporal and parietal lobes. Relationships were strongest in bilateral inferior temporal, insula and inferior frontal gyrus, and in the right occipital and medial prefrontal cortex. (c) When adjusting for age, age2, scanner, sex, genetic ancestry and parent education, ln(family income) was significantly associated with surface area in a smaller number of regions including bilateral inferior frontal, cingulate, insula and inferior temporal regions, and in the right superior frontal and precuneus cortex. Maps are thresholded at P < 0.05 (FDR correction). More stringent FDR correction thresholds of 0.01 and 0.001 are shown in Supplementary Figure 1a–c.
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Cortical Gray Matter
(Adjusted for BW)

Developmental Science

Effect of socioeconomic status (SES) disparity on neural development in
female African-American infants at age 1 month

Laura M. Betancourt’’, Brian Avants?,

Martha J. Farah®, Nancy L. Brodsky', Jue

wu?, Manzar Ashtari* and Hallam Hurt!?

Article first published online: 21 OCT 2015
DOl 10.1111/desc. 12344
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Deficit or adaptation?

* Poor selective attention = greater vigilance for
more challenging environment?

* Poor long-term planning = ‘scarcity mindset’?

e Less brain matter at 1 month = prenatal
effects?



Causal factors?



Causal factors?

Cogmgiglind Madarid

: ngﬁﬂ By 4 years of age,

' children in families on
lfferenCES welfare may have heard
in the Everyday Experience of 30 million fewer words
Young American Children than children in
- professional families

Betty Hart & Todd R. Risle
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Followed into third grade (aged 7), kids with biggest input had bigger vocabularies, were stronger readers, and got higher test scores. 


Causal factors

 Family resource model

 Family stress model

Intervention

Mediators

Prenatal factors

L J

: : Farental care iti
Socioeconomic > Cognition,

] .
statis N _ _ Brain development academic achievement,
C::::E,mtwe stimulation " pantal health

Other factors?

Hackman, Farah, Meaney (2010) Mature Reviews | Meuroscience
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“FAMILIES STRUGGLING ECONOMICALLY”


®
Developmental Science = planning, controlling,

Developmental Science (2015), pp 1-17 . .
regulating behaviour
o ”
PAPER “SES

Socioeconomic status and executive function: developmental

If schooling partly

trajectories and mediation compensates for the
: effects of earlier

Daniel A. Hackman,' Robert Gallop;2 Sl

Martha J. Farah' deprivation, lower-

1. Center for Cognitive Neuroscience, Center for New ~acg gnd Society, Department of Psychology, University of Pennsylvani SES Ch I Id ren ShOUId

2. Department of Mathematics and Applied Statistics, e uiversity, USA ‘ )

3. Departments of Design and Environmental Analysis and Hummn «_Bronfenbrenner Center for Translational Research, CatCh u p

Cornell University, USA

Early relation
between SES and

Table 3 Intercorrelation among potential mediators and measures of socioecono

Measure 1 2 3 4 5 6 7 . .
executive function
1. Birthweight - . .
2. Gestational age 4T - persisted without
3. Maternal depression —.02 .03 -
4. Negative life events 07* 07* 18k - i
5. Parent stress —.01 .07* SOF** 10%* - narrowl ng or
6. Enrichment: Infant / 10%* .01 — D3k .02 —.10%* - Wldenlng across ea rly
Toddler
7. Enrichment:Early .05 —.02 —.24HH% —.01 —.11%* STEEE 1 1
(ohrichm and middle childhood
- 8. Maternal sensitivity: J2EE —.02 —Q4HH* .01 —. 2% A48 A6 -
Infant / Toddler
9. Maternal sensitivity: 09** —.05 — 2] HHx —.01 e Vi 4OFE* Q4rEk S9HE* -
Early childhood
== 10. Early income-to-needs .03 —.08% —.24x** —.05 —.09** Ao¥** 49FE* 4FH* QoFH* -
11. Maternal education 07* —.04 — .23k —.03 —.06 40*x* 49Fx* A40*** 4 S58Hx*

* p <.05; ¥ p < .01; ¥* p < .001.

NICHD Study of Early Childcare. N = 1009 children in US followed from birth to 8 years


Presenter
Presentation Notes
In some cases, SES did change over time. This gave the authors an opportunity to pull apart which aspects might be more important in children’s executive function skills. Turns out it’s features of the home environment, and particularly the relationship between mother and child
“SES-related differences in executive function are partially explained by characteristics of the home and family environment “

Abstract: Childhood socioeconomic status (SES) predicts executive function (EF), but fundamental aspects of this relation remain unknown: the developmental course of the SES disparity, its continued sensitivity to SES changes during that course, and the features of childhood experience responsible for the SES–EF relation. Regarding course, early disparities would be expected to grow during development if caused by accumulating stressors at a given constant level of SES. Alternatively, they would narrow if schooling partly compensates for the effects of earlier deprivation, allowing lower-SES children to ‘catch up’. The potential for later childhood SES change to affect EF is also unknown. Regarding mediating factors, previous analyses produced mixed answers, possibly due to correlation amongst candidate mediators. We address these issues with measures of SES, working memory and planning, along with multiple candidate mediators, from the NICHD Study of Early Childcare (n = 1009). Early family income-to-needs and maternal education predicted planning by first grade, and income-to-needs predicted working memory performance at 54 months. Effects of early SES remained consistent through middle childhood, indicating that the relation between early indicators of SES and EF emerges in childhood and persists without narrowing or widening across early and middle childhood. Changes in family income-to-needs were associated with significant changes in planning and trend-level changes in working memory. Mediation analyses supported the role of early childhood home characteristics in explaining the association between SES and EF, while early childhood maternal sensitivity was specifically implicated in the association between maternal education and planning. Early emerging and persistent SES-related differences in EF, partially explained by characteristics of the home and family environment, are thus a potential source of socioeconomic disparities in achievement and health across development.


Genetics
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Research Article PSYCHOLOGICAL SCIENCE

Peychological Science
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Large Cross-National Differences © The Authort) 2015

- - . Reprints and permissions:

in Gene X Socioeconomic Status g emramkeer it
- - p.‘i!i.!ia.;.{{.'p:.‘lh.{.‘{)j‘.l‘.;. |

Interaction on Intelligence SOAG

Elliot M. Tucker-Drob'? and Timothy C. Bates?®

'Department of Psychology, University of Texas at Austin; ‘Population Research Center, University of
Texas at Austing and "Department of Psychology, University of Edinburgh

= Genes (4)
6 —— Shared Environment (C)
' —— Nonshared Environment (E)

-20 <15 -10 -05 00 05 10 15 20
Socioeconomic Status (standard-deviation units)

Table 2. Meta-Analytic Results: Estimates From Meta-Regression Modeds for all Structural Equation Model Parameters

Meta-regression parameter 5 a &

United States 300 027 636 C.044) A74 (o200 548 (070 —.046 (032 AT9 (033 | -.025 (016)
Europe 28000220 672(04%) | -027 (0220 ) 507 (052 -.029 (012f 471 (034 063 (065)

Difference 0200033 -036 0065 101 (032) 042 (086)  -017 (028) 008 (0470 -.088 (.06
b 07300160 097 (013) 029 (012) 158 (018 007 (195 115 (.018) 137 (069

Note: The botom row (1) shows the standard deviations of the random effects, which represent residual heterogeneirty in effect sizes. Standard
errars are given in parentheses.

. A core hypothesis in developmental theory predicts that genetic influences on intelligence and
academic achievement are suppressed under conditions of socioeconomic privation and more fully realized under
conditions of socioeconomic advantage: a Gene x Childhood Socioeconomic Status (SES) interaction. Tests of this
hypothesis have produced apparently inconsistent results. We performed a meta-analysis of tests of Gene x SES
interaction on intelligence and academic-achievement test scores, allowing for stratification by nation (United
States vs. non—United States), and we conducted rigorous tests for publication bias and between-studies
heterogeneity. In U.S. studies, we found clear support for moderately sized Gene x SES effects. In studies from
Western Europe and Australia, where social policies ensure more uniform access to high-quality education and
health care, Gene x SES effects were zero or reversed.
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Fig. 1. Variance in cognitive-test performance for the U.S. sample accounted for by genetic and environmental factors, graphed as a func- tion of socioeconomic status (SES). Cognitive test scores were standard- ized to a z scale within each data set prior to model fitting. This plot is very close to (but not identical with) a plot in which the y-axis rep- resents the instantaneous proportion of variance for each level of SES.


A need for mechanistic accounts
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Intervention



More time in day nursery before age two
Is associated with higher cognitive scores

at age four

S . | ¥ ¢ N=978 0-51 months

* Controlling for other factors,
higher cognitive development and
particularly non-verbal ability was
associated with more hours per
week in group care from 0 to 51
months

* The majority of variance was
explained by other predictors:

— sex (girl), higher cognitive
development at 18 months,
older mother, first language
English, mother of white
ethnic background, with more
qualifications, higher family
social class, more maternal
responsivity at 10 months and
a more stimulating home
learning environment (HLE) at
36 months

* Most variance was explained by

: 18 month cognitive development,
Many working parents experience guilt about sending their young children off to day nursery, especially in maternal education, and fa min
light of research published in the 2000s that suggested that too much early childcare is associated with later social class

behavioural problems. However, a new study in the International Journal of Behavioural Development paints

a more positive picture — the more time children spent in day nursery before the age of two (defined as

group-based childcare outside the home), the better their cognitive performance when they were tested at

51 months. Based on their findings, the researchers — Jacqueline Barnes and Edward Melhuish at Birkbeck,

University of London - suggest that the UK Government should consider rolling out free childcare provision

at an earlier age (in the UK at present, limited free childcare doesn't begin until age three).

Barnes, J. & Melhuish, E. C. (2016). Amount and timing of group-based childcare from birth and cognitive development at 51 months: A UK study.
International Journal of Behavioural Development.
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Amount and timing of group-based childcare from birth and cognitive development at 51 months
A UK study
Jacqueline Barnes⇑
Edward C Melhuish
Birkbeck, University of London, UK
Jacqueline Barnes, Birkbeck, University of London, Malet Street, London WC1E 7HX, UK. Email: jacqueline.barnes@bbk.ac.uk
Abstract

This study investigated whether the amount and timing of group-based childcare between birth and 51 months were predictive of cognitive development at 51 months, taking into account other non-parental childcare, demographic characteristics, cognitive development at 18 months, sensitive parenting and a stimulating home environment. Children’s (N=978) cognitive development was assessed at 51 months with four subscales of the British Ability Scales: two verbal and two non-verbal. Mothers were interviewed and observed at 3, 10, 18, and 36 months and the quality of group care was assessed at 10, 18, and 36 months (N=239) if it was used for ≥12 hours per week. Age of starting in group care and amount were highly associated (r = -.75). Multiple regressions indicated that, controlling for other factors, higher cognitive development and particularly non-verbal ability was associated with more hours per week in group care from 0 to 51 months, or an earlier start, or group care before age 2. Nevertheless, the majority of variance was explained by other predictors: sex (girl), higher cognitive development at 18 months, older mother, first language English, mother of white ethnic background, with more qualifications, higher family social class, more maternal responsivity at 10 months and a more stimulating home learning environment (HLE) at 36 months. Hours per week in relative care or home-based care were not significant predictors of cognitive scores. For the smaller relatively advantaged sample who had group care quality information (N=239), quality was a marginal predictor of better cognitive development but age of starting group care was not. Most variance was explained by 18 month cognitive development, maternal education, and family social class.

Blog:

Many working parents experience guilt about sending their young children off to day nursery, especially in light of research published in the 2000s that suggested that too much early childcare is associated with later behavioural problems. However, a new study in the International Journal of Behavioural Development paints a more positive picture – the more time children spent in day nursery before the age of two (defined as group-based childcare outside the home), the better their cognitive performance when they were tested at 51 months. Based on their findings, the researchers – Jacqueline Barnes and Edward Melhuish at Birkbeck, University of London – suggest that the UK Government should consider rolling out free childcare provision at an earlier age (in the UK at present, limited free childcare doesn't begin until age three).

The findings come from 978 children and their families who were recruited between 1998 and 2001; 217 of the children received varying amounts of group-based nursery care before the age of two. The children's cognitive abilities were assessed at 18 months and 51 months.

The types and amounts of early non-parental childcare that the children received in the home (for example, time being looked after by grandparents or a childminder) were mostly unrelated to their later cognitive abilities. But group-based childcare outside of the home before the age of two was linked with superior cognitive abilities at age 51 months, especially non-verbal abilities, and the earlier in life it started, and the more of it per week, the better. This held true even after controlling for the children's cognitive abilities at 18 months, and after controlling for the influence of important demographic factors such as mothers' education. The quality of the group-based childcare didn't seem to impact this beneficial effect, although information on quality of care was only available for some of the children.

The sample included a disproportionate proportion of advantaged families, but in a sense the researchers said this adds to the interest of the results – it means the benefits of early group-based childcare are found even for children who have comfortable home environments. 

It's worth highlighting that aspects of the home environment were also relevant to children's cognitive development. For example, the link between maternal responsiveness during a child's first year and the child's later cognitive abilities was stronger than the link between more early group-based childcare and later cognitive abilities. But the importance of the new finding comes from the fact that the early group-based childcare seemed to have "small but significant" beneficial effects even after taking maternal factors such as this into account. The researchers said these benefits of early nursery care "may be related to the fact that group contexts are likely to provide interactions with a wider range of people, both adults and children, and also a greater choice of activities if good quality is maintained."



Intervention

 The essence of cognitive neuroscience
research on SES is to point towards

interventions to reduce the impact of family
differences in SES on child development

 Three types of implication

— Hackman, Farah, & Meaney (2010), Raizada & Kishiyama (2010)
Sheridan & McLaughlin (2016)



Intervention

1. “Measurable in the brain” DOES NOT EQUAL
“can’t be changed”
— Beyond severe neglect, effective interventions

targeting executive functions + engaging with
parents



Interventions

e Targeting the family rather than the school
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Family-based training program improves brain function,
cognition, and behavior in lower socioeconomic status
preschoolers

1 b
Helen J. Neville™ ', Courtney Stevens , Eric Pakulak”, Theodore A. Bell", Jessica Fanning”, Scott Klein”, and
|
Elif Isbell

N=lower SES preschoolers. Head Start + selection attention training vs. Head Start vs. active
control. Measure selective attention, cognition, parent-reported child behaviours


Presenter
Presentation Notes
Using information from research on the neuroplasticity of selective attention and on the central role of successful parenting in child development, we developed and rigorously assessed a family-based training program designed to improve brain systems for selective attention in preschool children. N=141 One hundred forty-one lower socioeconomic status preschoolers enrolled in a Head Start program were randomly assigned to the training program, Head Start alone, or an active control group. Electrophysiological measures of children’s brain functions supporting selective attention, standardized measures of cognition, and parent-reported child behaviors all favored children in the treatment program relative to both control groups. Positive changes were also observed in the parents themselves. Effect sizes ranged from one-quarter to half of a standard deviation ES=.25-.5. These results lend impetus to the further development and broader implementation of evidence-based education programs that target at-risk families.


Interventions

e Perry preschool |
 Abecedarian -
 Chicago schools

=

Long-term benefits for
training executive functions

 EF training: Tools of the Mind

— full preschool curriculum consisting of 60 (Vygotsky-
inspired) activities, many requiring use of executive
functions through play

 Language enrichment: 30 Million Words Initiative

— parent-directed program to alter language
interactions with children


Presenter
Presentation Notes
30m

A world-famous study by researchers Betty Hart and Todd Risley (1995) found that some children heard thirty million fewer words by their 4th birthdays than others. The children who heard more words were better prepared when they entered school. These same kids, when followed into third grade, had bigger vocabularies, were stronger readers, and got higher test scores. The bottom line: the kids who started out ahead, stayed ahead; the kids who started out behind, stayed behind. This disparity in learning is referred to as the achievement gap.



http://www.aft.org/sites/default/files/periodicals/Willingham_3.pdf
A lot of data from the last couple of decades shows a strong association between executive functions (the ability to inhibit impulses, to direct attention, and to use working memory) and positive outcomes in school and out of school (see review here).  Kids with stronger executive functions get better grades, are more likely to thrive in their careers, are less likely to get in trouble with the law, and so forth. Although the relationship is correlational and not known to be causal, understandably researchers have wanted to know whether there is a way to boost executive function in kids.

Tools of the Mind (Bedrova & Leong, 2007) looked promising. It's a full preschool curriculum consisting of some 60 activities, inspired by the work of psychologist Lev Vygotsky. Many of the activities call for the exercise of executive functions through play. For example, when engaged in dramatic pretend play, children must use working memory to keep in mind the roles of other characters and suppress impulses in order to maintain their own character identity. (See Diamond & Lee, 2011, for thoughts on how and why such activities might help students.)

A few studies of relatively modest scale (but not trivial--100-200 kids) indicated that Tools of the Mind has the intended effect (Barnett et al, 2008; Diamond et al, 2007). But now some much larger scale followup studies (800-2000 kids) have yielded discouraging results.

These studies were reported at a symposium this Spring at a meeting of the Society for Research on Educational Effectiveness. (You can download a pdf summary here.) Sarah Sparks covered this story for Ed Week when it happened in March, but it otherwise seemed to attract little notice. 

Researchers at the symposium reported the results of three studies. Tools of the Mind did not have an impact in any of the three. 

What should we make of these discouraging results? 

It's too early to conclude that Tools of the Mind simply doesn't work as intended. It could be that there are as-yet unidentified differences among kids such that it's effective for some but not others. It may also be that the curriculum is more difficult to implement correctly than would first appear to be the case. Perhaps the teachers in the initial studies had more thorough training. 

Whatever the explanation, the results are not cheering. It looked like we might have been on to a big-impact intervention that everyone could get behind. Now we are left with the dispiriting conclusion "More study is needed." 



Barnett, W., Jung, K., Yarosz, D., Thomas, J., Hornbeck, A., Stechuk, R., & Burns, S.(2008). Educational effects of the Tools of the Mind curriculum: A randomized trial. Early Childhood Research Quarterly, 23, 299–313.

Bedrova, E. & Leong, D. (2007) Tools of the Mind: The Bygotskian appraoch to early childhood education. Second edition. New York: Merrill.

Diamond, A. & Lee, K. (2011). Interventions shown to aid executive function development in children 4-12 years old. Science, 333,  959-964.

Diamond, A., Barnett, W. S., Thomas, J., & Munro, S. (2007). Preschool program improves cognitive control. Science, 318, 1387-1388.




Intervention

2. Mechanistic perspective highlights multiple
points of possible intervention

directly on SES

indirectly on experiences or biological processes
that mediate SES effects (e.g., prenatal diet)

indirectly on brain development by training
specific neurocognitive functions,

on outcomes educationally or therapeutically

fostering factors of resilience (e.g., caregiver-
child relationship)



Intervention

3. Measures of brain function may help
distinguish separate causes of same
behaviour

— E.g. childhood emotional regulation difficulties
caused by

e adverse childhood events — intervene via therapy

* |ack of cognitive stimulation — intervene with more
learning opportunities



Open questions

Contribution of different SES causal factors to different
behaviours? At different ages?

Dependence on absolute levels?

Age of intervention? (earlier always better? cheaper?)
Importance of teenage years, too?

Explanation of unevenness across cognitive profile?
Separation of adaptation effects from deficits?
How can we target pre-natal differences?

How can we best enrich family environment?

How can we increase the power of the school
environment?
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Thanks for your attention!

Questions?
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