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YOU CAN FIND THESE SYSTEMS 
DURING REST

ID, so each time point in one component’s time course describes
how strongly that component’s spatial map relates to that
particular activation image in BrainMap. Thus, the original data
are decomposed into d networks, in a way that maximizes the
homogeneity of function within each network while maximizing
the heterogeneity between them. If d is increased, a greater
number of networks will be found, accounting for the original
data in a more detailed way; in general, these might be expected
to constitute subnetworks of the lower-d decomposition (al-
though this is not mathematically guaranteed with such an
approach, because the different levels of the ‘‘functional hier-
archy’’ are estimated independently of each other). In this article,
we report results from analyses at 2 levels: first, a network
dimensionality approximately matching many previous RSN
studies (d ! 20), and, second, using a much greater level of detail
(d ! 70), low enough to be supported by the resolution of the
datasets but giving 3–4 times more subnetworks than the lower-
dimensional results. With these analyses, at 2 levels of the
functional hierarchy, we investigated the hypothesis that the
major functional networks found in the working brain corre-
spond to the networks of correlated spontaneous fluctuations
observed when the subject is at rest.

Results
Our primary results stem from ICA decompositions of Brain-
Map and (independently) of the resting FMRI data, at an ICA
dimensionality of 20 components; this matches a common
degree of clustering/splitting previously applied via ICA to
resting FMRI data (4, 7). We compared components between
the resting FMRI and BrainMap datasets through simple spatial
cross-correlation of the ICA spatial maps. Of the 20 components
generated separately from the 2 datasets, 10 maps from each set

were unambiguously paired between datasets, with a minimum
correlation r ! 0.25 (P " 10#5, corrected for multiple compar-
isons across all possible pairings and for spatial smoothness); see
Fig. 1. The remaining maps were either judged to be artifactual,
or of more complex interpretation. See supporting information (SI)
for more detailed images of all maps and their classifications.

To aid interpretation of the components (and to illustrate the
relevance and accuracy of even the simplest form of the exper-
imental descriptions in BrainMap), we extracted the ‘‘behavioral
domain’’ categorizations from the BrainMap database for each
ICA component shown in Fig. 1. The results (Fig. 2) were found
to be in good agreement with known localization of brain
function. The 10 primary maps correspond to the 8 RSN maps
previously described (4), with the addition of a cerebellar map
and with a splitting of one of the previously reported visual maps
into 2 distinct maps (220 and 320). The 10 maps correspond to
interpretable functional categories and can be considered the
‘‘major representative’’ functional networks as derived indepen-
dently from both activation metaanalysis and resting data. We
describe each of these briefly below. The maps are numbered,
with the subscript ‘‘20’’ to distinguish them from the higher-
dimensionality ‘‘70’’ decomposition described later. Anatomical
and functional descriptions below were derived with reference to
the underlying standard-space images in conjunction with sev-
eral atlases (21–23).

Maps 120, 220 and 320 (‘‘visual’’) correspond to medial, occip-
ital pole, and lateral visual areas. The explicitly visual behavioral
domains correspond most strongly to these maps, and paradigms
cognition–language–orthography and cognition–space corre-
spond to the occipital pole and lateral visual maps, respectively.
We presume that the ‘‘orthography’’ correspondence reflects the
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Fig. 1. Ten well-matched pairs of networks from the 20-component analysis of the 29,671-subject BrainMap activation database and (a completely separate
analysis of) the 36-subject resting FMRI dataset. This figure shows the 3 most informative orthogonal slices for each pair. (Left column of each pair) Resting FMRI
data, shown superimposed on the mean FMRI image from all subjects. (Right column of each pair) Corresponding network from BrainMap, shown superimposed
on the MNI152 standard space template image. The networks were paired automatically by using spatial cross-correlation, with mean r ! 0.53 (0.25:0.79); the
weakest of these correlations thus has a significance of P " 10#5 (corrected). All ICA spatial maps were converted to z statistic images via a normalized
mixture–model fit, and then thresholded at Z ! 3.
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DEVELOPMENT OF SYSTEMS: 
SOUND
• Babies can hear in the womb - but they hear differently

• Hearing rhythms and vowels of their native language gives them a bias for 
their native language

• Biases for consonants get shaped from birth - by about 10 months of age, 
babies lose the ability to discriminate between consonants that are not 
present in their language

• Children also learn how sounds combine in their native language

• A well-developed sound system (phonology) is integral for later reading 
proficiency (but reading itself shapes the sound system)



DEVELOPMENT OF SYSTEMS: 
LANGUAGE
• Infants start to extract words in their 

language using statistics, rhythm etc. as 
cues

• They map these words onto objects 
using a range of strategies

• fast mapping

• mutual exclusivity

• By about 12-14 months, they are 
producing these words as well

• Vocabulary development is characterised 
by a great deal of individual variability
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RECOGNITION EMERGE OVER 
THE FIRST SIX MONTHS OF LIFE

1 month old
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WHAT’S THE BEST AGE TO INTRODUCE 
RHYMES, BOOKS, AND STORIES?

• Rhymes and songs: before birth

• Stories: full understanding of narrative only in 
preschool years, but children may get earlier 
benefit from other aspects of shared reading, 
including social routine

• Books: ~4-8 months



WHAT’S THE BEST WAY FOR 
PARENTS TO SHARE READING?



SOCIAL SYSTEMS

• Babies need to learn about others 
so they can learn from others

• Understanding adult cues like eye 
gaze => sharing attention with 
adults => directing adult attention 

• Social interaction improves learning

• attention and arousal?

• joint attention?
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LEARNING

• Do you repeat the same story? Or do you keep introducing new 
ones?

• Reading the same story repeatedly can help children learn the words 
better 

• But in some cases, introducing more examples is better - learning 
variable spelling-sound rules; grammar

• Sounds contrary? The principle is you add more variation to what the 
child’s trying to learn and decrease the variation of the background



WHAT IS THE BEST WAY FOR 
PARENTS TO SHARE READING?
• The greatest language gains are associated with responsive 

interactions - parents need to provide opportunities for 
infants to communicate 

• During live social interactions, removing distractors (like TVs, 
radio and de-cluttering environments) might improve 
attention and consequently learning

• It’s not that screens that are bad - more research is needed in 
terms of how interaction might help the child



HOW DO ENVIRONMENTAL FACTORS 
AFFECT LANGUAGE & LITERACY?



DEVELOPMENT IS MOSTLY 
ABOUT THE CONNECTIONS



BEING BORN DEAF

• Children face difficulties in learning spoken language (sometimes 
even after receiving hearing aids or cochlear implants)

• Sensitive period for language development: lack of early sound 
experience?

• However, language milestones for deaf children in deaf families are 
comparable to those of hearing children in hearing families

• It is early language experience by any means that is very important 



BILINGUALS

• Bilinguals tend to pass language milestones slightly later than monolinguals

• Bilingual children receive less input in each of their languages than a monolingual child 
would

• However, they can exploit a variety of cues to switch between languages (monolingual 
children do not) - this switching may confer later benefits

• They use different strategies to learn and may have an advantage in understanding the 
symbolic function of print

• There are real-world benefits to knowing more than one language

• Furthermore, it is less effortful to learn some aspects of language, such as pronunciation 
and grammar as a child



HOW DO ENVIRONMENTAL FACTORS 
AFFECT LANGUAGE & LITERACY?

• Deaf children may particularly benefit from 
exposure to books - to learn symbols and to be 
able to communicate with the hearing community

• Bilinguals use different strategies to learn - but this 
does not place them at a disadvantage
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