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INTRODUCTION

CONTACT

METHODS
Children were recruited from two ongoing studies aimed at 
understanding literacy development in rural Côte d’Ivoire. 
Participants 

BEHAVIORAL RESULTS

Survey of home socioeconomic status (SES)
Based on USAID Early Grade Reading Assessment and Tulane University Survey of Child Labor in West African Cocoa Growing Areas (2015)

15 item household inventory (electricity, indoor plumbing, etc.)

Millions of children in low and middle income countries (LMICs) fail to 
achieve target literacy outcomes: 39% of youth aged 15-24 and 41% of 
adults aged 15+ are illiterate (World Bank, 2012). Yet, little is known 
about how the brain learns to read in environments with high risk of 
illiteracy; neuroimaging studies of child development are almost 
exclusively done in laboratory settings in high income countries (HICs). 

In Côte d’Ivoire, due to highly variable age of school enrollment, 
inconsistent attendance, and poor quality education, many older primary 
school children (10-12 years) still lack foundational literacy skills.

Specific Aim: Our aim is to better understand how older, first-time 
readers learn to read. Using field functional Near Infrared Spectroscopy 
(fNIRS), we examine how the brain’s reading circuit develops in children 
growing up in rural Côte d'Ivoire who are at high-risk for illiteracy.

Language and Literacy Assessment (RTI International, 2015; Yopp et al, 1995; 
Woodcock et al., 2001) 
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NEUROIMAGING RESULTS
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✔
Sample 1

CONCLUSION
New: fNIRS analysis software comparison

Data from 47 channels were preprocessed 
and analyzed using a GLM in two fNIRS 
analysis packages: NIRS-SPM (Sample 1; 
Ye et al., 2009) and the fNIRS toolbox 
(Sample  2; Santosa et al., 2018)

Sample 2

Stronger Readers Poorer Readers
Word>False Font False Font>Word

Stronger readers showed greater activation (HbR) when reading 
words compared to false fonts in LIFG, RIFG, and LSTG/SMG; 
regions classically associated with language and reading.

Neural activation in the LIFG for reading (and not for spoken 
language) was correlated with children’s SES. 

Poorer readers showed greater activation (HbR) when processing  
false fonts compared to words in LIFG and RIFG

Portable neuroimaging approaches provide new advances to the study 
of brain function and brain development with previously inaccessible 
populations and in remote locations. Understanding the complex 
relationships between impoverished environment, delayed and/or 
inconsistent access to education, children’s linguistics and cognitive 
development, and reading outcomes yields new information about 
reading development in environments with a high risk of illiteracy. 
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FNIRS METHOD & ANALYSIS
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Poorer Readers

Poorer readers showed 
greater activation (HbR) 
when processing false 
fonts compared to words in 
LIFG, RIFG, LSTG/SMG

Stronger readers did not 
show significant 
differences in neural 
activation for processing 
words compared to false 
fonts

Task
Print & Speech Processing (Block Design)
Modality: Auditory, Visual
Lexicality: Words jeu, Pseudowords val,

False Font/Vocoded speech 

False Font>Word

Stronger readers showed greater neural activation when reading words 
in regions classically associated with reading: greater left hemisphere 
engagement involving the IFG, STG, and SMG. LIFG activation during 
reading was correlated with child’s  SES. However, we failed to replicate 
this effect across samples and analyses, potentially due to the small 
number of skilled readers in this group.

Poorer readers did not show greater activation for reading words, 
instead, greater activation was observed when processing  false fonts in 
bilateral IFG, left STG and SMG, suggesting a lack of neural sensitivity 
to lexicality. This was observed across both, independent samples and 
analyses.

New: Patterns of neural activation from poorer readers were unlike those 
previously reported for (1) younger unskilled readers, who show greater 
occipital activation, but not greater IFG activation, for false fonts 
compared to words, and (2) same-age children with reading disorders 
(i.e. dyslexia), who show greater right hemisphere activation, but not 
greater IFG activation, for false fonts compared to words.

Interactive Specialization Theory: During a child’s development, 
activity-dependent interactions between cortical regions improve the 
functions and response properties of cortical regions leading to 
specialization (Johnson 2000, 2001). Lack of experience with reading in 
poorer readers may limit the development of a characteristic reading 
circuity.

q<.05

*Sun's tube 
formula corrected 
p- values; 
all p<.05

Stronger 
readers 
scored above 
60% correct 
on letter 
reading task 

Poorer readers 
scored 
between 
10-40% correct 
on letter 
reading task 

t-stat

*HbR shown; blue indicates greater 
activation

(Jasinska & Guei, 2018)

Letter 
Reading

Sample 1 Sample 2
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23 27.79 8.88

12.77

Video Link:  http://sites.udel.edu/boldlab/jo-hannon/
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