
  421Fink G, et al. Arch Dis Child 2020;105:421–427. doi:10.1136/archdischild-2019-317849

G
lobal child health

Original research

Contextual and socioeconomic variation in early 
motor and language development
Günther Fink,1 Dana Charles McCoy,2 Aisha Yousafzai3

To cite: Fink G, McCoy DC, 
Yousafzai A. Arch Dis Child 
2020;105:421–427.

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
archdischild- 2019- 317849).
1Epidemiology and Public 
Health, Swiss Tropical and Public 
Health Institute and University 
of Basel, Basel, Switzerland
2Harvard Graduate School of 
Education, Harvard University, 
Cambridge, Massachusetts, USA
3Global Health and Population, 
Harvard T.H. Chan School 
of Public Health, Boston, 
Massachusetts, USA

Correspondence to
Professor Günther Fink, 
Epidemiology and Public 
Health, Swiss TPH, Basel 4051, 
Switzerland;  
 guenther. fink@ swisstph. ch

Received 2 July 2019
Revised 3 October 2019
Accepted 12 October 2019
Published Online First 
30 October 2019

Global child health

© Author(s) (or their 
employer(s)) 2020. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

What is already known on this topic?

 ► Recent studies conducted among healthy 
children suggest small differences in milestone 
achievement across countries.

 ► Strong within- country socioeconomic gradients 
in children’s skill development have been 
documented in most high- income settings.

 ► Comparable data on child development are rare 
across countries.

What this study adds?

 ► We show substantial gaps in average 
development between high- income and low- 
income country sites using a standardised tool.

 ► We also show that these differences are 
primarily due to differences in caregiver 
education and home environment.

 ► We found no developmental differences across 
highly diverse sites for children growing up in 
similarly supportive homes.

AbsTrACT
Objective To compare early motor and language 
development of children <3 years of age growing up in 
high- income and low- income contexts.
Design Cross- sectional study.
setting We analysed differences in motor and language 
skills across study sites in Cambodia, Chile, Ghana, 
Guatemala, Lebanon, Pakistan, the Philippines and the 
USA.
Main outcome measure Cognitive and language 
development assessed with the Caregiver Reported Early 
Development Instruments (CREDI) tool.
results 4649 children aged 0–35 months (mean 
age=18 months) were analysed. On average, children in 
sites with a low Human Development Index (HDI) had 
0.54 SD (95% CI –0.63 to –0.44) lower CREDI motor 
scores and 0.73 SD (95% CI –0.82 to –0.64) lower 
language scores than children growing up in high HDI 
sites. On average, each unit increase in national log 
income per capita was associated with a 0.77- month 
(95% CI –0.93 to 0.60) reduction in the age of motor 
milestone attainment and a reduction in the age of 
language milestone attainment of 0.55 months (95% 
CI –0.79 to –0.30). These observed developmental 
differences were not universal: no developmental 
differences across sites with highly heterogeneous 
socioeconomic contexts were found among children 
growing up in households with highly educated 
caregivers providing stimulating early environments.
Conclusion Developmental gaps in settings with low 
HDI are substantial on average, but appear to be largely 
attributable to differences in family- level socioeconomic 
status and caregiving practices. Programmes targeting 
the most vulnerable subpopulations will be essential 
to reduce early life disparities and improve long- run 
outcomes.

InTrODuCTIOn
A large body of research has emphasised children’s 
development within the first several years of life as 
foundational to individual and societal success.1–3 
Early language and motor development, in partic-
ular, are widely studied as mechanisms that support 
children’s ability to explore, interact with and learn 
from the world around them. Empirically, early 
language and motor abilities have been linked with 
a number of later- life outcomes, including linguistic 
and cognitive performance in middle childhood 
and schooling attainment in adulthood.4–6

Even though behavioural, cultural and envi-
ronmental factors such as child care practices and 
parental well- being may be more important for 
early development than mere resource availability,7 8 

research from both high- income and low- income 
countries has demonstrated that exposure to house-
hold poverty can compromise young children’s 
developmental progression. Compared with chil-
dren growing up in households of higher socioeco-
nomic status, language and motor development of 
children from relatively disadvantaged households 
in the same countries appears to be frequently 
delayed.9 10 Given the high poverty exposure of 
children from low- income and middle- income 
countries (LMICs),1 11 it is generally assumed that 
children from LMICs develop more slowly than 
their peers from more advantaged nations in the 
first years of their life, and that these early devel-
opmental deficits have large individual and societal 
costs in the long run.2 3 12

The presumed negative relationship between 
country income and early childhood development 
(ECD) is contrasted by a large body of work from 
cross- cultural psychology documenting that chil-
dren from sub- Saharan Africa and other low- income 
country settings develop specific basic motor skills 
substantially earlier than children in high- income 
settings.13–17 This cross- cultural evidence suggests 
that early development may be less vulnerable to 
poverty and local environmental conditions than 
what has been documented for early life physical 
growth, and that other behavioural, cultural and 
environmental factors such as child care practices 
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Table 1 Site descriptions

site Locations site details

Estimated income per 
capita (national level) 
in purchasing power 
parity adjusted 2015 
us$ sample size

Cambodia Kampong Cham, Kratie and 
Prey Veng

Predominantly low- income, rural children participating in programming through 
Save the Children.

3504 410

Chile Santiago Metropolitan 
Region

Socioeconomically diverse children from urban areas in the nation’s capital, 
Santiago. The sample was stratified by children’s age (0–11; 12–23; 24–36 months).

23 579 244

Ghana Northern Region Representative random sample of six districts in Northern Ghana. All families were 
enrolled into a behaviour change study. Largely rural population with farming as 
primary source of income.

4184 1709

Guatemala Rrural San Juan 
Ostuncalco and peri- urban 
Quetzaltenango

Children of women currently enrolled in the ‘Women Circles’ Buena Semilla project 
in Western Highland Department of Quetzaltenango. Poor rural Mam- Mayan and 
peri- urban Quiche- Mayan population.

7765 197

Lebanon Tripoli, Bekaa, Beirut, Saida 
and Tyre

Lebanese and refugee (Syrian and Palestinian) children from socioeconomically 
diverse, urban and rural settings recruited from non- governmental organisations and 
local private nurseries.

13 935 384

Pakistan Naushero Feroze, Sindh 
province

Predominantly low- income, rural and peri- urban younger siblings of children 
participating in a research study evaluating an early childhood development 
programme.

4999 241

Philippines South Central Mindanao 
and Luzon

Socioeconomically diverse children from rural, peri- urban and urban settings who 
were participating in an evaluation of programming through Save the Children.

7320 719

USA Online survey Socioeconomically and geographically diverse children recruited through Amazon 
Mechanical Turk.

56 207 745

Total     4649

and resource access may be more important for early develop-
ment than local income levels.18

A recent study assessing samples of healthy, hospital- born chil-
dren in four middle- income countries found remarkably small 
differences in the age at which children attained early motor and 
language milestones.19 Results from the International Fetal and 
Newborn Growth Consortium for the 21st Century (INTER-
GROWTH) study also suggest rather minor differences in the 
development of healthy children in high- income, middle- income 
and low- income countries in the first 2 years of life.20 This is 
contrasted by UNICEF’s Early Child Development Index global 
database, which suggests rather large variation in basic skills 
among children aged 3 and 4 years in LMICs.21 22

In this paper, we use data on ECD for children from birth to 
3 years collected across highly diverse sites using the internation-
ally validated Caregiver Reported Early Development Instru-
ments (CREDI) to assess the extent to which 1) country- level 
economic development predicts early motor and language devel-
opment overall, and 2) these associations vary across particular 
milestones and subpopulations characterised by different home 
environments.

METhODs
study design
This study was designed as a cross- sectional observational study, 
comparing children’s development across eight highly diverse 
country sites. All data were collected as part of a larger effort 
to establish new measurement tools (CREDI) for children under 
the age of 3 years globally.23 24

sETTInG
Data were collected in Cambodia, Chile, Ghana, Guatemala, 
Lebanon, Pakistan, the Philippines and the USA. These country- 
specific sites were identified based on locally available research 
partners able to collect data on early childhood milestones. 

Estimated income per capita across the countries from which 
children were sampled ranged from 3504 purchasing power- 
adjusted dollars per capita in Cambodia (Human Development 
Index (HDI) rank 146) to 56 207 dollars in the USA (HDI rank 
13). As shown in table 1, study sites in Cambodia, Ghana, Guate-
mala and Pakistan were mostly rural, while a mix of rural, peri- 
urban and urban populations were surveyed in Lebanon, the 
Philippines and the USA. In Chile, all children were recruited 
from Santiago (urban only).

Participants
Participant recruitment varied by site. In Cambodia, Chile, 
Ghana, Guatemala and the Philippines, children had been 
recruited for ongoing research studies, with additional (typically 
post- intervention) surveys already planned prior to the launch 
of the CREDI project. Local research teams interested in ECD 
measurement simply added age- appropriate CREDI items as an 
additional module to their own surveys. In the USA, participants 
were recruited through the Mechanical Turk online platform. 
In Chile and Lebanon, children were actively recruited for this 
assessment by study partners. In Pakistan, the questionnaire was 
administered to younger siblings of 4 years of age participating 
in a longitudinal study.

Variables
The primary variables of interest were caregiver reports on the 
completion of children’s early language and motor milestones. 
Survey questionnaires were translated to local languages by local 
expert teams and administered to caregivers of children under 
the age of 3 years. The CREDI contains a total of 109 caregiver- 
reported items. For the surveys, CREDI items were divided into 
three age groups according to item difficulty. All specific ques-
tions (age 0, 1, 2 years) were administered to caregivers in each 
site. In addition to the CREDI items, all surveys collected infor-
mation on child age, caregiver education and caregiver- child 
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Table 2 Developmental differences across HDI groups
Outcome CrEDI motor score CrEDI language score

Age group All <18 months ≥18 months All <18 months ≥18 months

High HDI Reference group

Medium HDI −0.50***
(−0.61 to –0.39)

−0.50***
(−0.67 to –0.33)

−0.53***
(−0.67 to –0.39)

−0.49***
(−0.59 to –0.38)

−0.43***
(−0.58 to –0.28)

−0.58***
(−0.73 to –0.42)

Low HDI −0.54***
(−0.63 to –0.44)

−0.26***
(−0.41 to –0.12)

−0.84***
(−0.97 to –0.71)

−0.73***
(−0.82 to –0.64)

−0.73***
(−0.85 to –0.61)

−0.77***
(−0.90 to –0.65)

Observations 4482 2305 2177 4482 2305 2177

Shows mean z- score differences between high, medium and low HDI sites, with 95% CIs in parentheses. Domain- specific z- scores are normalised within each age group (with monthly age intervals) to mean 0 and SD 1. All models are estimated using ordinary least squares 
regression and include site- specific random effects to account for correlation of residuals within sites. High HDI sites are Chile and the USA. Medium HDI sites are Lebanon and the Philippines. Low HDI sites are Cambodia, Ghana, Guatemala, Pakistan. Details on CREDI subscale score 
computation are provided in the study by Waldman et al.24.
*P<0.05, **p<0.01,***p<0.001.
CREDI, Caregiver Reported Early Development Instruments; HDI, Human Development Index.

interactions. Caregiver- child interactions were measured using 
the Multiple Indicator Cluster Survey (MICS) home stimulation 
scale, which asks caregivers whether any adult in the household 
read to, played with, told stories to, counted with, sang to or 
travelled outside of the home with the child in the past 3 days. 
Surveys were conducted orally in all sites except for the USA, 
where questions were administered online to respondents. Prior 
evidence comparing CREDI online and in- person scores suggests 
overall high comparability with both modalities.25

Data sources/measurement
Data on specific milestone completion as well as overall motor 
and language development were collected using the CREDI. 
The CREDI was created in 2017 with the ambition to generate 
a low- cost, cross- culturally comparable measure of the motor, 
cognitive, language and socioemotional skills of children under 
3 years. The CREDI have been tested and validated in 16 low- 
income, middle- income and high- income countries and has been 
shown to have high acceptability, reliability and validity across 
diverse cultural and socioeconomic settings.23 26

The CREDI contain 109 items, which are scored as 1 if the 
caregiver reports that the child has achieved the milestone by the 
time of the interview, and 0 otherwise. The responses to these 
109 items were then used to compute overall development scores 
in the motor, language, cognitive and socioemotional domains.24

sTATIsTICAL METhODs
Our analysis was divided into four parts. In a first step, we 
compared overall motor and language development on the 
CREDI by age across HDI sites group. The HDI is a composite 
index of countries’ overall development based on their life expec-
tancy, average educational attainment and per capita income.27 
We divided our sample sites in three groups based on their 2017 
HDI ranking: high HDI sites (HDI rank ≤60): Chile and the 
USA; medium HDI sites (HDI rank 60–119): Lebanon and the 
Philippines and low HDI sites (HDI rank ≥120): Cambodia, 
Ghana, Guatemala, Pakistan. For this analysis, we normalise 
total CREDI scores to mean 0 and SD 1 within age group (with 
monthly age intervals).

In a second step, we focused on four basic and easily observ-
able motor and language milestones that represent major shifts 
in children’s early skills. For motor skills, we analysed children’s 
ability to sit independently, to stand without support, to walk 
without support and to run without falling. The four language 
milestones analysed were: ability to make basic (babbling) sounds, 
to say 1 or more words, to say 10 or more words and to speak in 
sentences of >3 words. For all eight milestones, we first graphed 
attainment rates by age and site, and then estimated average time 
(in months) between the domain- specific milestones.

In a third step, we used random- effects meta- analysis to assess 
the general relationship between the national income per capita 
at each study site and the median age of milestone achievement 
observed. For this analysis, we first computed the median age of 
attainment for all motor and language milestones in each site, 
and then regressed the estimated site- specific median age on site- 
specific income per capita. This yielded a total of 39 (motor) and 
40 (language) income gradient estimates, respectively. We used 
forest plots to summarise the estimated median ages by domain, 
and used random- effects meta- analysis to estimate an average 
income gradient for the milestones in the motor and language 
domains.

Lastly, to assess the extent to which developmental gaps at 
the country income level depend on home environments, we 
explored more detailed data on home environments collected 
in a subsample of children across six sites. The main hypothesis 
we explored was that country- level income primarily affects chil-
dren’s outcomes through their home environment, so that we 
should not observe developmental gaps once we focus on chil-
dren living in similar households. Using the overall motor and 
language CREDI scores as outcome variables, we thus estimated 
pooled models in a first step, and then restricted to households 
with a high number of MICS caregiver- child activities reported 
(>3) as well as to households with caregivers who completed 
secondary education or higher in a second step.

All analysis was conducted using the Stata V.14 statistical soft-
ware package.28

Ethical considerations
All caregivers consented to participate in the surveys.

rEsuLTs
In total, 4649 children under 3 years of age were assessed. The 
average age of children assessed was 18 months, and 49.4% of 
children were female (online supplementary table 1). Table 2 
shows average developmental differences across HDI site 
groups. On average, children in low HDI sites had 0.54 SD (95% 
CI −0.63 to –0.44) lower motor scores and 0.73 SD (95% CI 
−0.82 to –0.64) lower language scores than children growing up 
in high HDI country sites (Chile and the USA). In both domains, 
larger developmental gaps were found for children >18 months 
of age than for younger children. Developmental gaps were 
smaller for medium versus high HDI country sites, with esti-
mated mean differences of 0.50 SD (95% CI −0.61 to –0.39) 
for motor and 0.49 SD (95% CI −0.59 to –0.38) for language, 
respectively.

Figure 1 displays overall CREDI subscale scores in the motor 
and language domains in high and low HDI country sites, by 
age. For both domains, differences were detected from very early 
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Figure 3 Language milestones by study site; n=410 for Cambodia, 
244 for Chile, 1709 for Ghana, 197 for Guatemala, 384 for Lebanon, 241 
for Pakistan, 719 for the Philippines and 745 for the USA.

Figure 1 Overall motor and language developmental scores by local 
socioeconomic context. Figure shows smoothed estimates for high 
and low HDI sites and CREDI motor (left panel) and language (right 
panel) subscale scores. High HDI sites are Chile and the USA. Low 
HDI sites are Cambodia, Ghana, Guatemala and Pakistan. Z- scores 
are computed relative to a global reference sample of caregivers with 
completed high school or higher education. Details on CREDI subscale 
score computation are provided in the study by Waldman et al.24 Higher 
scores indicate more advanced development in the respective domain. 
CREDI, Caregiver Reported Early Development Instruments; HDI, Human 
Development Index.

Figure 2 Basic motor milestones by study site. Data restricted to ages 
0–18 months; n=410 for Cambodia, 244 for Chile, 1709 for Ghana, 
197 for Guatemala, 384 for Lebanon, 241 for Pakistan, 719 for the 
Philippines and 745 for the USA.

on; increases in the gap over time appear larger for motor skills, 
where the two groups were more similar initially.

Figure 2 shows site- specific age patterns observed for the four 
selected motor milestones. For each age, figure 2 shows the 

proportion of caregivers confirming that the child has reached 
a given milestone. In the US sample, median milestone attain-
ment ages were 6 (sitting), 11 (standing), 13 (walking) and 15 
(running) months, respectively. Age patterns varied substantially 
across sites: relative to the US sample, children in the Ghanaian 
site were reported to sit and stand without support significantly 
earlier, whereas children in the Philippines site acquired these 
skills significantly later. In terms of motor skills, the largest 
differentials were found for the age at which children took their 
first independent steps, with a median age of 11 months in the 
Lebanon sample compared with a median age of 16 months in 
the Pakistan and Guatemala sites, respectively (see online supple-
mental tables 2). Online supplementary table 3 shows the results 
of quantitative analysis and significance tests.

Figure 2 also highlights the highly heterogeneous transition 
times between motor milestones. In the US sample, the median 
lag between independent sitting and standing was 5 months; in 
the Lebanese and Philippino sites, this transition took on average 
only 4 months, whereas this transition took 6 months in Ghana 
and 8 months in Guatemala. As expected, the transition from 
standing independently to walking was relatively fast in most 
countries, with a median duration of about 2 months. The transi-
tion from walking to running took about 2.5 months on average, 
but also showed variability across sites (eg, 1 month in Guatemala 
and Chile vs 3 months in Ghana, Pakistan and the Philippines).
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Figure 4 Income gradient for individual motor milestones. Figure 
shows estimates (ES) (with 95% CIs) from linear regression of site- 
specific median age of skill acquisition on log(national income per 
capita)–no additional controls are included in this analysis. Milestones 
ordered from most basic to most advanced. Based on a sample of 
4649 children across 8 sites. A negative slope means that, on average, 
wealthier sites achieve the milestone earlier; since income is measured 
in logs, a coefficient of −1 implies that a 100% increase in national 
income per capita is associated with achieving a given milestone 
1 month earlier on average.

Figure 5 Income gradient for language milestones. Figure shows 
estimates (ES) (95% CIs) from linear regression of site- specific median 
age of skill acquisition on log(national income per capita)–no additional 
controls are included in this analysis. Milestones ordered from most 
basic to most advanced milestone. Based on a sample of 4649 children 
across 8 sites. A negative slope means that, on average, wealthier 
sites achieve the milestone earlier; since income is measured in logs, a 
coefficient of −1 implies that a 100% increase in national income per 
capita is associated with achieving a given milestone 1 month earlier, on 
average.

Figure 3 shows the results for the same analysis in the language 
domain. The age at which caregivers reported first babbling 
sounds varied widely both within and across sites, with a median 
age of 7 months overall. The median age for the first word was 
10 months in the US, with both Cambodian and Chilean sites 
reporting substantially later debuts compared with the US site. In 
the US sample, a vocabulary of 10 or more words was reported 
at a median age of 20 months, whereas this milestone was 
reached later in all other sites, with statistically different trajec-
tories in Cambodia, Ghana, Lebanon and the Philippines relative 
to the USA. See online supplementary tables 4 and 5 for estima-
tion details and results. Differences were somewhat smaller for 
sentences with more than three words, which on average were 
reported at 25 months of age.

In terms of transition times between language milestones, the 
average duration between the first word and a larger vocabu-
lary of 10 or more words was about 12 months, with substan-
tially faster average transitions in Guatemala and the USA (10 
months) and substantially slower average transitions in Lebanon 
(14 months), Pakistan (14 months), the Philippines (14 months) 
and Ghana (18 months).

The results of item- specific age- difference regressions are 
shown in figure 4 (motor) and figure 5 (language). Across all 
items, the pooled estimate was −0.77 (95% CI −0.93 to 0.60) 
for motor skills and −0.55 (95% CI −0.79 to –0.30) for language 
skills, indicating that, on average, each unit increase in country- 
level log income was associated with achieving motor milestones 
2–3 weeks (0.55–0.77 months) earlier. Multiplying this differ-
ence with the difference in log income between the wealthiest 
(the USA) and the poorest country in our sample (Cambodia) 
yields an average 2.1 months difference in motor milestones, 

and an average difference of 1.5 months in language milestones 
between those countries.

Table 3 shows stratified multivariable regression results. Infor-
mation on maternal education and home stimulation activities 
was available for a subsample of 2197 children across 6 sites. 
Out of this subsample, 66% of caregivers reported engaging in 
at least four out of six home stimulation activities, and 29.5% 
of caregivers attended some college (<3% in the Cambodian 
and Pakistan sites, >50% in the USA). In this subsample with 
full information, each unit increase in country- level log per 
capita income was associated with a 0.29 SD increase in overall 
motor development (95% CI 0.098 to 0.489), and a 0.18 SD 
increase in overall language development (95% CI 0.136 to 
0.223). When we restricted analyses to caregivers who reported 
at least four out of the six home stimulation activities (column 2 
and column 5), the estimated associations with country income 
became smaller, but remained statistically significant. When we 
restricted to high- stimulation households in which mothers had 
completed at least a secondary education (column 3 and column 
6), developmental differences across country income groups 
were substantially attenuated and no longer statistically different 
from zero.

Discussion
The results presented in this paper have yielded three main find-
ings. First, we find that local socioeconomic context strongly 
predict average motor and language development of children 
under the age of 3 years, with children growing up in low HDI 
settings on average scoring 0.5–0.7 SD lower in the motor and 
language domains, respectively, than their peers from high HDI 
sites. This finding is consistent with the large number of chil-
dren estimated to not reach their developmental potential in the 
global health literature1 11 21 as well as the literature on children’s 
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Table 3 Stratified associations between local income per capita and developmental scores

Outcome

CrEDI motor score CrEDI language score

(1) (2) (3) (4) (5) (6)

Ln(country income per capita) 0.294***
(0.098 to 0.489)

0.245*
(–0.001 to –0.492)

−0.025
(–0.379 to –0.330)

0.179***
(0.136 to 0.223)

0.134***
(0.047 to 0.222)

0.080
(−0.165 to 0.326)

Age in month 0.027**
(0.004 to 0.050)

−0.017
(−0.068, 0.033)

0.012
(−0.018 to 0.042)

0.012
(−0.008 to 0.031)

−0.006
(−0.041 to 0.029)

0.004
(−0.031 to 0.039)

Age squared −0.000
(−0.001 to 0.000)

0.001
(−0.001 to 0.002)

0.000
(−0.001 to 0.001)

0.000
(−0.000 to 0.001)

0.001
(−0.000 to 0.002)

0.000
(−0.000 to 0.001)

Sample All Stimulation score 4 or 
higher

Stimulation score 4 or 
higher and mother with 
completed secondary or 
higher education

All Stimulation score 4 or 
higher

Stimulation 4 or 
higher and mother 
with completed 
secondary or higher 
education

Observations 2197 1467 717 2197 1467 717

Shows results of multilevel ordinary least squares regression models with CREDI motor (columns 1–3) and CREDI language z- scores (columns 4–6) as dependent variables. 
Domain- specific z- scores are normalised within each age group (with monthly age intervals) to mean 0 and SD 1. All models are estimated using ordinary least squares 
regressions and include site- specific random effects to account for correlation of residuals within sites. Sample in columns 2 and 4 includes children from Cambodia (n=197), 
Chile (194), Guatemala (75), Lebanon (148), Pakistan (183) and the USA (670). Sample in columns 3 and 6 includes children from Cambodia (13), Chile (144), Guatemala (13) 
Lebanon (40), Pakistan (11) and the USA (496) only.
*P<0.05, **p<0.01,***p<0.001.
CREDI, Caregiver Reported Early Development Instruments.

physical growth that has extensively documented the continued 
high burden of growth faltering in LMICs.29–31

However, this average developmental gap does not imply 
that all population groups growing up in low- resource settings 
should be expected to have developmental deficits. As two very 
recent studies have shown, very similar milestone completion 
can indeed be found among healthy children living in diverse 
countries.19 20 The second main finding of our paper is well 
aligned with these studies and suggests that developmental gaps 
are on average not detectable for children growing up in house-
holds with highly educated and engaged caregivers, independent 
of the economic or human development of their surroundings. 
Although our sample of children with similarly stimulating home 
environments is relatively small (n=717), our results suggest that 
developmental gaps across sites appear to be almost exclusively 
attributable to the children growing up in less privileged house-
holds. Children in these households are likely to experience 
less stimulation and substantially higher exposure to infectious 
disease and other health- related risk factors.

We also find that the age at which young children achieve 
specific motor and language milestones varies widely within 
sites, and displays large variation across sites. Importantly, when 
examining this across- site variability more closely, we identify 
multiple examples where children from more economically 
disadvantaged sites were reported to demonstrate relatively 
advanced developmental behaviours. For example, children in 
Ghana and Lebanon appear to learn to walk before children in 
high- income settings; similar early advantages in physical skills 
have been documented in the cross- cultural psychology litera-
ture.13–17 Maybe more surprisingly, children in the Pakistani 
site were reported to say their first words before children in 
higher HDI sites, and using short sentences was reported slightly 
earlier in Ghana than in the US sample. Even though this latter 
difference may to some extent be driven by how sentences are 
constructed in local languages (primarily Dagbani in the study 
area), it seems important to highlight that the ages at which 
children attain individual motor and language milestones are 
not always linked to the overall economic development of their 
given setting. The diverging patterns of skill acquisition across 
settings observed in this paper highlight the likely importance 

of unmeasured contextual and cultural factors such as child care 
and parenting practices,32 and can be interpreted as evidence of 
large developmental potential with sufficient support even in 
economically disadvantaged environments. The large heteroge-
neity in the relative timing (and in some cases also sequencing) 
of specific milestones also highlights the importance of viewing 
ECD as a complex and multidimensional construct requiring 
carefully validated tools for valid comparisons within and across 
countries.

Our analysis has several limitations. First, the data collected 
do not allow us to directly identify the exact features of chil-
dren’s home environments that may serve to protect their 
developmental well- being, as maternal education is likely to 
be correlated with children’s ECD, and with on average higher 
household incomes, access to superior child care and better 
health and nutrition knowledge. All of these factors likely 
contribute to the empirically observed gaps between children 
from more versus less advantaged homes globally. Further 
research is to identify the most critical supports for healthy ECD, 
and to find the most effective ways to deliver these supports to 
the children lacking them most. A second limitation of the study 
is that the data used are not nationally representative. Sites in 
Ghana and Cambodia were both in particularly poor areas of 
the country, while children from the USA and Chile were gener-
ally from better off neighbourhoods. Children in Cambodia, 
Guatemala and the Philippines had also previously participated 
in ECD programmes, and may thus on average have been better 
developed than other children from these areas. Additionally, 
rates of survey non- response are not known due to the fact that 
data collection in most sites occurred through existing research 
studies. The results presented in this paper should thus not be 
interpreted as country differences, but rather as differences 
between sites across a highly diverse range of local environ-
ments. Given that nationally representative data on ECD will be 
urgently needed to track progress on Sustainable Development 
Goal 4.2, more comprehensive data from the study countries 
will hopefully become available soon. A third limitation is that 
the CREDI is—by construction—a caregiver- reported tool, and 
may introduce bias into children’s developmental scores because 
caregivers may not be aware of specific milestone completion 
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or may misreport it. Previous validity studies suggest that all 
CREDI items are well understood by caregivers, and that CREDI 
scores are highly predictive of direct observation measures of 
the same children.26 Despite these tests, reporting biases are of 
course possible, particularly for items that leave room for subjec-
tive interpretation such as making babbling sounds or saying the 
first word.

Overall, the results presented in this study suggest that income- 
based gaps in motor and language development can be detected 
rather early in low- income settings. These gaps appear to be 
primarily attributable to the high prevalence of suboptimal home 
environments in low- income settings, as children growing up in 
highly educated and stimulating home environments appear to 
fare equally well globally. From a programmatic perspective, the 
results presented in this paper suggest that optimal targeting of 
ECD programmes will require identifying the populations at 
highest risk for overall developmental setbacks in each setting, 
and will also require customising programmes towards the 
specific developmental needs and strengths of a given sociocul-
tural context.

Funding This project was supported by Grand Challenges Canada through the 
Saving Brains Platform.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval Given that no names or other identifiable information were 
collected from caregivers, this project was designated exempt from review by the 
(redacted) University’s ethics board (IRB15-3833).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.

RefeRences
 1 Black MM, Walker SP, Fernald LCH, et al. Early childhood development coming of age: 

science through the life course. The Lancet 2017;389:77–90.
 2 Grantham- McGregor S, Cheung YB, Cueto S, et al. Developmental potential in the first 

5 years for children in developing countries. The Lancet 2007;369:60–70.
 3 Heckman JJ, Stixrud J, Urzua S. The effects of cognitive and noncognitive abilities on 

labor market outcomes and social behavior. J Labor Econ 2006;24:411–82.
 4 Marchman VA, Fernald A. Speed of word recognition and vocabulary knowledge 

in infancy predict cognitive and language outcomes in later childhood. Dev Sci 
2008;11:F9–16.

 5 Peet ED, McCoy DC, Danaei G, et al. Early childhood development and schooling 
attainment: longitudinal evidence from British, Finnish and Philippine birth cohorts. 
PLoS One 2015;10:e0137219.

 6 Piek JP, Dawson L, Smith LM, et al. The role of early fine and gross motor development 
on later motor and cognitive ability. Hum Mov Sci 2008;27:668–81.

 7 Gershoff ET, Aber JL, Raver CC, et al. Income is not enough: incorporating material 
hardship into models of income associations with parenting and child development. 
Child Dev 2007;78:70–95.

 8 Jeong J, McCoy DC, Fink G. Pathways between paternal and maternal education, 
caregivers’ support for learning, and early child development in 44 low- and middle- 
income countries. Early Child Res Q 2017;41:136–48.

 9 Fernald LCH, Kariger P, Hidrobo M, et al. Socioeconomic gradients in child 
development in very young children: evidence from India, Indonesia, Peru, and 
Senegal. Proc Natl Acad Sci U S A 2012;109:17273–80.

 10 Brinkman SA, Gialamas A, Rahman A, et al. Jurisdictional, socioeconomic and gender 
inequalities in child health and development: analysis of a national census of 5- year- 
olds in Australia. BMJ Open 2012;2:e001075.

 11 Li C, Black MM, Richter L. Risk of poor development in young children in low- income 
and middle- income countries: an estimation and analysis at the global, regional, and 
country level. The Lancet 2016.

 12 Gertler P, Heckman J, Pinto R, et al. Labor market returns to an early childhood 
stimulation intervention in Jamaica. Science 2014;344:998–1001.

 13 Cintas HM. Cross- Cultural variation in infant motor development. Phys Occup Ther 
Pediatr 1989;8:1–20.

 14 Lohaus A, Lamm B, Keller H, et al. Gross and fine motor differences 
between Cameroonian and German children aged 3 to 40 months: results 
of a cross- cultural longitudinal study. Journal of Cross- Cultural Psychology 
2014;45:1328–41.

 15 De Onis M. Who motor development study: windows of achievement for six gross 
motor development milestones. Acta Paediatrica 2006;95:86–95.

 16 Santos DCC, Gabbard C, Goncalves VMG. Motor development during the first year: a 
comparative study. J Genet Psychol 2001;162:143–53.

 17 Werner EE. Infants around the world: cross- cultural studies of psychomotor 
development from birth to two years. J Cross Cult Psychol 1972;3:111–34.

 18 Sara H, Super CM, Mavridis CJ, et al. Culture and Early Childhood Development: 
implications for policy and programs. In: Britto PR, Engle PL, Super CM, et al, eds. 
Handbook of early childhood development research and its impact on global policy: 
Oxford scholarship online, 2013.

 19 Ertem IO, Krishnamurthy V, Mulaudzi MC, et al. Similarities and differences in child 
development from birth to age 3 years by sex and across four countries: a cross- 
sectional, observational study. The Lancet Global Health 2018;6:e279–91.

 20 Villar J, Fernandes M, Purwar M, et al. Neurodevelopmental milestones and associated 
behaviours are similar among healthy children across diverse geographical locations. 
Nat Commun 2019;10:511.

 21 McCoy DC, Peet ED, Ezzati M, et al. Early childhood developmental status in low- and 
middle- income countries: national, regional, and global prevalence estimates using 
predictive modeling. PLoS Med 2016;13:e1002034.

 22 Emerson E, Savage A, Llewellyn G. Significant cognitive delay among 3- to 4- year old 
children in low- and middle- income countries: prevalence estimates and potential 
impact of preventative interventions. Int J Epidemiol 2018.

 23 McCoy DC, Sudfeld CR, Bellinger DC, et al. Development and validation of an early 
childhood development scale for use in low- resourced settings. Popul Health Metr 
2017;15:3.

 24 Waldman M, McCoy D, Fink G. Validation of motor, cognitive, language, and Socio- 
emotional Subscales using the caregiver reported early development instruments: an 
application of multidimensional item factor analysis. under review.;2018.

 25 Kane C. Reliably measuring children’s developmental status: Mode of administration 
and the saving brains early child development scale. Poster presented at the Student 
Research Conference. Cambridge, MA: Harvard Graduate School of Education, 2016.

 26 McCoy DC, Waldman M, Fink G. Measuring early childhood development at a global 
scale: evidence from the Caregiver- Reported early development instruments. Early 
Child Res Q 2018;45:58–68.

 27 United Nations Development Programme. Human development report 1990. Oxford 
University Press, 1990.

 28 StataCorp. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP, 
2015.

 29 Black RE, Victora CG, Walker SP, et al. Maternal and child undernutrition 
and overweight in low- income and middle- income countries. The Lancet 
2013;382:427–51.

 30 Danaei G, Andrews KG, Sudfeld CR, et al. Risk factors for childhood stunting in 137 
developing countries: a comparative risk assessment analysis at global, regional, and 
country levels. PLoS Med 2016;13:e1002164.

 31 de Onis M, Blossner M, Borghi E. Prevalence and trends of stunting among pre- school 
children, 1990-2020. Public Health Nutrition 2011:1–7.

 32 Super CM. Environmental Effects on Motor Development: the Case of ’African Infant 
Precocity’. Developmental medicine and child neurology 1976;18:561–7.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/archdischild-2019-317849 on 30 O

ctober 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1016/S0140-6736(16)31389-7
http://dx.doi.org/10.1016/S0140-6736(07)60032-4
http://dx.doi.org/10.1086/504455
http://dx.doi.org/10.1111/j.1467-7687.2008.00671.x
http://dx.doi.org/10.1371/journal.pone.0137219
http://dx.doi.org/10.1016/j.humov.2007.11.002
http://dx.doi.org/10.1111/j.1467-8624.2007.00986.x
http://dx.doi.org/10.1016/j.ecresq.2017.07.001
http://dx.doi.org/10.1073/pnas.1121241109
http://dx.doi.org/10.1136/bmjopen-2012-001075
http://dx.doi.org/10.1126/science.1251178
http://dx.doi.org/10.1080/J006v08n04_01
http://dx.doi.org/10.1080/J006v08n04_01
http://dx.doi.org/10.1080/00221320109597956
http://dx.doi.org/10.1177/002202217200300201
http://dx.doi.org/10.1016/S2214-109X(18)30003-2
http://dx.doi.org/10.1038/s41467-018-07983-4
http://dx.doi.org/10.1371/journal.pmed.1002034
http://dx.doi.org/10.1186/s12963-017-0122-8
http://dx.doi.org/10.1016/j.ecresq.2018.05.002
http://dx.doi.org/10.1016/j.ecresq.2018.05.002
http://dx.doi.org/10.1016/S0140-6736(13)60937-X
http://dx.doi.org/10.1371/journal.pmed.1002164
http://dx.doi.org/10.1111/j.1469-8749.1976.tb04202.x
http://adc.bmj.com/

	Contextual and socioeconomic variation in early motor and language development
	Abstract
	Introduction
	Methods
	Study design

	Setting
	Participants
	Variables
	Data sources/measurement

	Statistical methods
	Ethical considerations

	Results
	Discussion

	References


