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Some ground rules 

1.  Interrupt me! 
2.  Keep a question/advice sheet 
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Why is early language 
acquisition a good case study? 
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Effects of caregiver speech on 
infant language 

Liu, Tsao & Kuhl 2003 Dev Sci 
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Stable State 
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… or ...? 

Lam & Kitamura 2012 Dev Sci   11 

Sweetie, is this 
experiment 
boring you? 

Believed kid 
could hear 

Believed kid 
could not hear 

Kid could in fact 
hear 
Kid could not in 
fact hear 



… or effects of the child on the 
caregiver? 

12 Lam & Kitamura 2012 Dev Sci   



How can we study the 
development of a 

complex system, which is 
robust to variation but 

not fully independent of 
the environment? 
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Goals of this class 

•  To showcase one “recent & potentially 
ecologically valid” method for each below: 

1.  Describe language input and output 
2.  Measure child behavior 
3.  Assess neural bases of language 

processing 
•  Contribute to your informed 

methodological choices 
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Students, to your sheets 

Slide 16:  
A) How many years of research experience do 

you have?  
B) Which of these sections are relevant to you? 

(Yes/no + further info/comments/questions 
welcome!) 

1.  Describe language input and output 
2.  Measure child behavior 
3.  Assess neural bases of language 

processing 
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Describing verbal input and 
output 

16 



Desiderata 

In small groups (1-3 people) come up with 
two criteria that you believe a method for 
describing children’s input & output should 
meet 
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A brief history of input-output 

Diary studies 
•  XVIII-XXth: Stern; Leopold … 
q  Focused on child output 
q  Not free from bias, can miss key events 

CHILDES & other transcribed corpora 
•  Includes some experimentally-elicited items 
•  Home recordings capture slice of development, both 

input & output 
q  ‘Observer’ in the room à ecological validity? 
q  Hand-transcription is costly 
q  Additional work needed for levels below human 

consciousness 18 
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(Semi-)unsupervised analyses 
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Fundamental reads: 
Oller et al. 2010 PNAS 

LENA technical reports http://
lenafoundation.org/Research/

TechnicalReports.aspx 



Example output 
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LENA tech report 01-2 “Power of talk” 

Example potential  
descriptive validity 
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Further info on LENA 

•  Cost  
•  Software ~12k US$ 

•  Student version ~2k US$ 
•  Many people use it as a recording device – not a great idea 

•  Recorders .3k US$ 
•  Clothes... 

•  Sometimes hard to be the first in the country to 
buy it 

•  Foundation, but works like a company 
•  Software is a closed box 

•  Emergent group (now beyond it): DARCLE.org 
23 



DARCLE in progress 
•  Unbiased estimates of reliability 
•  Open-source daylong recordings analyses 

–  Compatible with alternative recording devices 

•  {Weakly | un}supervised analyses on the pipeline 
–  Classifying adult speech into:  

–  key-child-directed  
–  other-child-directed  
–  adult-directed 

–  Classifying languages in multilingual recordings, 
bottom-up detection of situations... 

–  But not fully-automatic transcriptions L 
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Ask me about this 
summer’s data 
collection on traditional 
societies! 



Students, to your sheets 

Comments/questions on this section? 
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Measuring child 
behavioral 

26 
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Traditional methods 

Pros 
•  Quite widely applied 
•  Acceptance of their use 
•  Can benefit from others’ 

expertise or experiences 
directly or indirectly 

 

Cons 
•  Field does not always 

utilize previous 
knowledge 

•  Often design taps 
language skills indirectly 

•  Most often, not well-
understood 

•  Imprecise measures, 
particularly of individuals 
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Goals when reading previous work 

Have a general idea on some topic 
 
 

Find a worthwhile research area 
 
 
Extend current knowledge 

Personal 
cost of 

being wrong 
= 

Effort you 
should be 
ready to 
spend on 

preparation 

Peruse merrily 

Follow PRISMA 30 



Sample 
workflow in 

a 
systematic 

review 

Items identified through 
database searching 

(n =  1000 ) 

Additional items identified 
through other sources 

(n =  15 ) 

Items after duplicates removed  
(n =  992 ) 

Items screened 
(n =  992 ) 

Items excluded 
(n =  764 ) 

Full-text articles 
assessed for 

eligibility 
(n =  229 ) Full-text articles 

excluded for eligibility 
(n =  177 ) 

Full-text articles 
entered 

 (n =  51 ) Exclusions 
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Phenomena in MetaLab 

Prosody


Communication 


Sounds


Words
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Thanks to 
Molly Lewis!  



Why effect sizes are useful for 
study planners 

34 
Wikipedia	
  on	
  Effect	
  size	
  



Effect sizes by phenomenon 
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35 
Thanks to 
Molly Lewis!  



Effect sizes by method 

36 
InPhonDB – native vowels (Tsuji & Cristia, 2013) 
visualization from metalab.stanford.edu  

NIRS

eye-tracking

EEG

behavior

-1 0 1 2 3
E�ect Size

Behavior 
(CHT, HAS) 

EEG-MMN 

Looking-time 
preference 

fNIRS 

Effect size 0 -1 1 2 3 



Not well understood: E.g. sound 
pattern learning 

Fixed-length 
familiarization to a 
sound pattern (e.g., 
all the words begin 
with “p”)  

+ preferential looking 
test 

37 

RE Model

−2.00 −1.00 0.00 1.00 2.00

Observed Outcome

Seidl et al. (2009) 3 
Seidl et al. (2009) 2 
Gerken (in press) 2 NA
Gerken (in press) 1 NA
Gerken (2015) 2 NA
Gerken (2015) 1 non−conflicting
Gerken (2015) 1 partially−conflicting
Anonymized (2016) NA NA
Cristia et al. (2011b) NA SN
Cristia et al. (2011b) NA FN
Cristia (2015) NA post−hoc−older
Cristia (2015) NA post−hoc−younger
Wang (2014) 2−15mo coda
Wang (2014) 1−12mo coda
Wang (2014) 1−12mo onset
Wang (2014) 1−8mo coda
Wang (2014) 1−8mo onset
Seidl (2014) NA single−talker
Seidl (2014) NA single−talker
Seidl (2014) NA multiple−talkers
Seidl (2014) NA multiple−talkers
Seidl et al. (2009) 1 
Seidl & Buckley (2005) 2 
Seidl & Buckley (2005) 1 
Cristia & Peperkamp (2012) 2 
Cristia et al. (2011a) NA 
Cristia et al. (2011a) NA 
Cristia & Seidl (2008) 2 
Cristia & Seidl (2008) 2 
Cristia & Seidl (2008) 1 SN
Cristia & Seidl (2008) 1 FN
Cristia (2006) 3 SN
Cristia (2006) 3 FN
Chambers et al. (2011) 4 
Chambers et al. (2011) 4 
Chambers et al. (2011) 3 
Chambers et al. (2011) 3 
Chambers et al. (2011) 2 
Chambers et al. (2011) 2 
Chambers et al. (2011) 2 
Chambers et al. (2011) 2 
Chambers et al. (2011) 1 
Chambers et al. (2003) 2 
Chambers et al. (2003) 1 

−0.44 [ −0.82 , −0.06 ]
−0.13 [ −0.34 ,  0.08 ]

 0.51 [  0.11 ,  0.91 ]
−0.22 [ −0.72 ,  0.27 ]
−0.13 [ −0.67 ,  0.41 ]

 0.52 [  0.10 ,  0.95 ]
−0.50 [ −0.89 , −0.11 ]

 0.11 [ −0.52 ,  0.74 ]
 0.26 [ −0.01 ,  0.53 ]
 0.43 [  0.10 ,  0.75 ]
−0.02 [ −0.34 ,  0.30 ]

 0.35 [  0.08 ,  0.61 ]
 0.61 [  0.10 ,  1.11 ]
−0.46 [ −1.03 ,  0.11 ]

 0.37 [  0.05 ,  0.68 ]
 0.01 [ −0.73 ,  0.75 ]
−0.19 [ −0.84 ,  0.46 ]
 0.01 [ −0.43 ,  0.45 ]
 0.13 [ −0.23 ,  0.50 ]
 0.52 [ −0.04 ,  1.08 ]
 0.70 [  0.17 ,  1.22 ]
 1.06 [  0.55 ,  1.57 ]
 0.54 [  0.15 ,  0.93 ]
 0.42 [  0.08 ,  0.77 ]
 0.33 [  0.01 ,  0.65 ]

 0.05 [ −0.27 ,  0.38 ]
 0.31 [  0.10 ,  0.52 ]
−0.29 [ −0.84 ,  0.26 ]
−0.59 [ −1.12 , −0.06 ]

 0.48 [  0.06 ,  0.90 ]
−0.38 [ −0.96 ,  0.20 ]
 0.12 [ −0.36 ,  0.60 ]
−0.13 [ −0.74 ,  0.48 ]
−0.36 [ −0.93 ,  0.21 ]
−0.49 [ −0.99 ,  0.01 ]
−0.72 [ −1.17 , −0.27 ]
−0.73 [ −1.26 , −0.20 ]
−0.38 [ −0.80 ,  0.04 ]
−0.16 [ −0.63 ,  0.31 ]
−0.99 [ −1.71 , −0.27 ]
−0.71 [ −1.46 ,  0.03 ]

 0.48 [  0.12 ,  0.84 ]
 0.37 [ −0.32 ,  1.05 ]
 0.85 [  0.07 ,  1.63 ]

 0.05 [ −0.08 ,  0.19 ]



Not well understood: E.g. sound 
pattern learning 

Variation even within a single lab!! 
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RE Model

−2.00 −1.00 0.00 1.00 2.00

Observed Outcome

Seidl et al. (2009) 3 
Seidl et al. (2009) 2 
Gerken (in press) 2 NA
Gerken (in press) 1 NA
Gerken (2015) 2 NA
Gerken (2015) 1 non−conflicting
Gerken (2015) 1 partially−conflicting
Anonymized (2016) NA NA
Cristia et al. (2011b) NA SN
Cristia et al. (2011b) NA FN
Cristia (2015) NA post−hoc−older
Cristia (2015) NA post−hoc−younger
Wang (2014) 2−15mo coda
Wang (2014) 1−12mo coda
Wang (2014) 1−12mo onset
Wang (2014) 1−8mo coda
Wang (2014) 1−8mo onset
Seidl (2014) NA single−talker
Seidl (2014) NA single−talker
Seidl (2014) NA multiple−talkers
Seidl (2014) NA multiple−talkers
Seidl et al. (2009) 1 
Seidl & Buckley (2005) 2 
Seidl & Buckley (2005) 1 
Cristia & Peperkamp (2012) 2 
Cristia et al. (2011a) NA 
Cristia et al. (2011a) NA 
Cristia & Seidl (2008) 2 
Cristia & Seidl (2008) 2 
Cristia & Seidl (2008) 1 SN
Cristia & Seidl (2008) 1 FN
Cristia (2006) 3 SN
Cristia (2006) 3 FN
Chambers et al. (2011) 4 
Chambers et al. (2011) 4 
Chambers et al. (2011) 3 
Chambers et al. (2011) 3 
Chambers et al. (2011) 2 
Chambers et al. (2011) 2 
Chambers et al. (2011) 2 
Chambers et al. (2011) 2 
Chambers et al. (2011) 1 
Chambers et al. (2003) 2 
Chambers et al. (2003) 1 

−0.44 [ −0.82 , −0.06 ]
−0.13 [ −0.34 ,  0.08 ]

 0.51 [  0.11 ,  0.91 ]
−0.22 [ −0.72 ,  0.27 ]
−0.13 [ −0.67 ,  0.41 ]

 0.52 [  0.10 ,  0.95 ]
−0.50 [ −0.89 , −0.11 ]

 0.11 [ −0.52 ,  0.74 ]
 0.26 [ −0.01 ,  0.53 ]
 0.43 [  0.10 ,  0.75 ]
−0.02 [ −0.34 ,  0.30 ]

 0.35 [  0.08 ,  0.61 ]
 0.61 [  0.10 ,  1.11 ]
−0.46 [ −1.03 ,  0.11 ]

 0.37 [  0.05 ,  0.68 ]
 0.01 [ −0.73 ,  0.75 ]
−0.19 [ −0.84 ,  0.46 ]
 0.01 [ −0.43 ,  0.45 ]
 0.13 [ −0.23 ,  0.50 ]
 0.52 [ −0.04 ,  1.08 ]
 0.70 [  0.17 ,  1.22 ]
 1.06 [  0.55 ,  1.57 ]
 0.54 [  0.15 ,  0.93 ]
 0.42 [  0.08 ,  0.77 ]
 0.33 [  0.01 ,  0.65 ]

 0.05 [ −0.27 ,  0.38 ]
 0.31 [  0.10 ,  0.52 ]
−0.29 [ −0.84 ,  0.26 ]
−0.59 [ −1.12 , −0.06 ]

 0.48 [  0.06 ,  0.90 ]
−0.38 [ −0.96 ,  0.20 ]
 0.12 [ −0.36 ,  0.60 ]
−0.13 [ −0.74 ,  0.48 ]
−0.36 [ −0.93 ,  0.21 ]
−0.49 [ −0.99 ,  0.01 ]
−0.72 [ −1.17 , −0.27 ]
−0.73 [ −1.26 , −0.20 ]
−0.38 [ −0.80 ,  0.04 ]
−0.16 [ −0.63 ,  0.31 ]
−0.99 [ −1.71 , −0.27 ]
−0.71 [ −1.46 ,  0.03 ]

 0.48 [  0.12 ,  0.84 ]
 0.37 [ −0.32 ,  1.05 ]
 0.85 [  0.07 ,  1.63 ]

 0.05 [ −0.08 ,  0.19 ]

If interested in individual differences, 
ask me about that! 
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Oh so THAT’s why 
baby researchers 

spend so long 
tinkering with 

methods! 

pupillometry 

limb movement 



Desiderata 

In small groups (1-3 people) come up with 
two criteria that you believe a method for 
measuring children’s behavior should 
meet 

40 



Tests on touch screens 

Some previous work 
-  On learning from (interactive) screens 

versus humans (see e.g. Heather Kirkorian’s work) 

-  Computerized Comprehension Test (see 
Margaret Friend’s work)  

à both in the lab, but can we take it out to 
the wild? 

41 



•  Online questionnaire sent to families who had 
previously participated in a French babylab 

•  455 respondents with infants 5 to 40 mo 

Ecological validity 

1 2 3 4 5 6 7 8 9 10

Frequency of use by age

Age (decile)

N
um

be
r o

f r
es

po
ns

es

0
10

20
30

40

Never 
<1x/month 

<1x/week 

<1x/day 

>1x/day 

1217 

& no touch-
screen 

with touch-
screen at home 

1127 981 1036 875 778 691 573 429 321 156 

42 1-year-olds 2-year-olds 3-year-olds 

Cristia & Seidl 
(2014) Plos  



Direct comparison: 2AFC word 
comprehension in a museum 

Frank, Sugarman, Horowitz, Lewis, & Yurovsky, in press 
total N kids >200 

0 

0.25 

0.5 

0.75 

1 

1yo 2yo 3yo 4yo 

Proportion children 
completing 32 trials 

Tablet Eye-tracker Storybook 

43 

0 

0.25 

0.5 

0.75 

1 

1yo 2yo 3yo 4yo 

Split-trial reliability 
(accuracy) 



A French attempt 
Phase I: Warm-up 

 Play “pop the bubble” game 
Phase II: Training 

 3 trials with known words → repeat until 
correct answer 

1 novel minimal pair (s/sh) → do not repeat  
Phase II: Test 

41 French pairs in pseudo-randomized 
order (with constraints on side of target & 
difficulty level repetition) 

+ 2 novel minimal pairs (s/sh) 
 

 
Novel minimal pairs are introduced upon 
appearance of the image, familiar ones are not 

Touch the fish! 

44 

51 2yo tested in 3 
Parisian daycares 

With Laia Fibla & Charlotte Maniel 



Overall accuracy  

45 

Novel minimal pairs Familiar words 

P
er

ce
nt
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or

re
ct

 

With Laia Fibla & Charlotte Maniel 



Cross-cultural extension 

Low-SES 
daycare  

Buenos Aires 

Mid-SES 
daycare  

Parisian 
daycares  

46 

120 3yo tested in 2 
daycares in Buenos 
Aires 

Ask me about 
current extension 
testing at home! 
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Split-trial reliability: Accuracy 

Paris 1.9- to 3.3-year-olds 
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Visualization from 
metalab.stanford.edu  

child age (months) 

E
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MetaLab 
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listening lab 
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Visualization from 
metalab.stanford.edu  

child age (months) 
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Effect sizes by phenomenon 

50 
Thanks to 
Molly Lewis!  

IDS preference Phonotactic learning Vowel discrimination
(native)

Vowel discrimination
(non−native)

Statistical sound 
learning Word segmentation Mutual exclusivity Concept−label 

advantage

Online word 
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Lots behind the scenes! 

Resources now starting to appear 
Our app  http://github.com/alecristia/mandy_ipadVocab/ 
Mike Frank http://github.com/langcog/tablet/  
Python tb https://github.com/piantado/kelpy  
 

Ask me about: 
Interactive gestures you could build upon (drag & drop?) 
Hardware (apple vs. android, phone vs. tablet) 
Working with in-lab engineers versus programmers 

(free-lance & companies) versus self 
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Students, to your sheets 

Comments/questions on this section? 

52 



Neural bases of language 

53 



Rauschecker and Scott 2009 

Hickok and Poeppel 2007 How does 
the human 

brain sustain 
language 

acquisition 
and 

processing? 
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Local activation, neurons firing, and 
neurovascular consequences 

Obrig et al. 2010 Frontiers 55 



Desiderata 

In small groups (1-3 people) come up with 
two criteria that you believe a method for 
measuring children’s neural responses 
should meet 

56 



Enter Near InfraRed Spectroscopy 

Minagawa-Kawai et al. 2008; Lloyd-
Fox et al. 2010; Gervain et al. 2011 

fMRI (f)NIRS EEG 

awake (no) yes yes 

visual stims (no) yes yes 

movement highly 
sensitive 

(relatively 
insensitive) 

very sensitive 

spatial mm cm+uncertainty? (reconstructed) 

temporal seconds seconds milliseconds 

Articles by year

0
2
4
6
8

10
12

1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Number of infant 
fNIRS articles 
published per 

year 
A systematic review in Cristia et al. 2012 Plos One 57 



Basics of fNIRS 

Lloyd-Fox et al. 2010 

Fukui et al. 2003 

0.1

1

1000950900850800750700650600
Wave Length (nm)

 Deoxy Hb
 Oxy Hb

Optical Absorbance of Hemoglobin

780 nm 830 nm
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Fundamental reads: 
Lloyd-Fox et al. 2010 
Neurosci Biobeh Rev 

 
Obrig et al. 2010 Frontiers 

 
Quaresima, Bisconti, & 

Ferrari 2012 Brain & Lang 



NIRS cables 

Laptop with stims 
Computer with acquisition software 

baby & mom  

NIRS cap 
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Children with a cochlear implant 

Sevy et al. 2010 Hear Res 
60 



Effect sizes, reliability? 

-  Effect sizes small  
-  P-hacking likely 

-  Little use of correction for multiple 
comparisons 

-  Fortunately, ongoing efforts (Blase, Lloyd-
Fox & colleagues) to study... 
-  ... test-retest reliability of localization & 

strength of responses 
-  ... convergence with fMRI in localization 

61 



Salient weaknesses & strategies 
Imprecise localization 

•  fNIRS+fMRI: mapping surface to structure in infancy (Lloyd-
Fox, in progress) 

 
Analyses not standardized + lax significance criteria = 

increased risk of false positives 
•  Databases to integrate results (Cristia et al. 2012 Plos One), possibly 

repositories & common data format 

•  Community forming around an analysis program (HomER, 
Tuppert et al., 2009 Applied Optics) 

 
Instability of results 

•  Study of experimental features leading to low signal-to-
noise ratios (Minagawa et al. 2014; Cristia, Minagawa, & Dupoux, 2015) 

•  Methodological developments: better caps, subtraction of 
‘skin’ noise (Takahashi, et al., 2011 Neuroimage) 
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Conclusions 
•  fNIRS is a useful technique 

–  Respectable spatial resolution (not deep structures, requires 
careful planning) 

–  Infants & children: portable & easier to fit than EEG cap 
–  Adults: cheaper than fMRI/MEG 
–  May allow testing in more ecological conditions 
 

•  It’s also a relatively young technique 
–  Instrumentation under development 
–  Post-processing & analyses not yet crystalized 
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Students, to your sheets 

Comments/questions on this section? 
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Thank you. 
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