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Abstract
Background: Cognitive development after age three tends to be stable and can therefore predict cognitive skills in
later childhood. However, there is evidence that cognitive development is less stable before age three. In rural
China, research has found large shares of children under age three are developmentally delayed, yet little is known
about the trajectories of cognitive development between 0 and 3 years of age or how developmental trajectories
predict later cognitive skills. This study seeks to describe the trajectories of child cognitive development between
the ages of 0–3 years and examine how different trajectories predict cognitive development at preschool age.
Methods: We collected three waves of longitudinal panel data from 1245 children in rural Western China. Child
cognitive development was measured by the Bayley Scales of Infant Development when the child was 6–12
months and 22–30 months, and by the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition when
the child was 49–65 months. We used the two measures of cognitive development before age three to determine
the trajectories of child cognitive development.
Results: Of the children, 39% were never cognitively delayed; 13% were persistently delayed; 7% experienced
improving cognitive development; and 41% experienced deteriorating development before age 3. Compared to
children who had never experienced cognitive delay, children with persistent cognitive delay and those with
deteriorating development before age 3 had significantly lower cognitive scores at preschool age. Children with
improving development before age 3 showed similar levels of cognition at preschool age as children who had
never experienced cognitive delay.
Conclusions: Large shares of children under age 3 in rural Western China show deteriorating cognitive
development from infancy to toddlerhood, which predict lower levels of cognition at preschool age. Policymakers
should invest in improving cognitive development before age 3 to prevent long-term poor cognition among
China’s rural children.
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Background
Early childhood has been identified as an important window for cognitive development [1–5]. It is well known that
cognitive development during the first 3 years of life is predictive of cognitive development in later childhood [6–9].
Theoretical and empirical research has established that
basic cognitive skills developed in the earliest years of life
form the foundation for the development of more complex
skills later in childhood [4, 10, 11]. For this reason, infants
who have delayed development during the first 3 years of
childhood face impediments to developing more complex
cognitive skills and are likely to continue to have low levels
of cognitive skill into their preschool years [6, 7, 12–15].
Several studies have found that cognitive skills at age 3 were
predictive of cognitive skills at preschool age (4 to 5) with
coefficients of 0.36 to 0.64 [6, 8, 16].
Although the literature has consistently found that
levels of cognition are relatively constant after a child is
3 years old [17, 18], a number of studies, especially in developed countries, have found that fluctuations in cognitive development before age 3 are relatively common [6,
19–24]. For example, a study by Feinberg et al. [21]
found that 28% of cognitively delayed children in the
United States were persistently delayed from 9 to 24
months old, while the remaining children who were delayed at 24 months (72%) were newly delayed (i.e., their
levels of measured cognition had deteriorated between 9
months and 24 months). In another study from the
United States, nearly 70% of sampled children with measured cognitive delay at 9 months had recovered to normal cognition by 24 months [23], while the remaining
30% of children remained delayed at 24 months [23]. Although the changes in cognitive development over time
may be due to measurement error, the measurements
used in these studies have high reliability, and most of
the changes are likely to represent true fluctuations in
cognitive development.
A small number of studies have provided evidence that
trajectories of cognitive development before 3 years of
age affect later development, such as behavioral outcomes, at preschool age. To the best of our knowledge,
such studies have been conducted only in developed
countries [19, 23]. One study conducted in the United
States, for example, demonstrated that different cognitive trajectories before 3 years were linked to differences
in preschool-aged developmental outcomes [19]. Compared to children who never experienced cognitive delay
(at age 5), persistently delayed, improving, and deteriorating children were shown to have higher frequencies of
behavioral problems by 0.6 standard deviations (SD), 0.2
SD, and 0.4 SD, respectively. Unfortunately, however,
the study did not examine whether the trajectories of
cognitive development in early childhood were correlated with cognitive outcomes at preschool age.
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Understanding the trajectories of cognitive delay and
their relation to later cognitive skills should be especially
relevant for developing countries, where research has
shown that about 250 million children under the age of 5
(about 43%) are at risk of developmental delay [25]. Of
this global total, it is estimated that 45 million are in
China, which would make China rank second globally in
terms of total number of young children with cognitive
delay [25–27]. In China, recent studies suggest that cognitive delay is most prevalent among children in rural areas.
Whereas research in urban areas has consistently shown
rates of cognitive delay among infants and toddlers of
under 15%, the average rate of delay for a healthy population [28–30], studies of children aged 0 to 3 years in rural
China have found rates of cognitive delay between 39 and
49% [26, 31, 32]. Although fewer recent studies have examined the cognitive development of preschool-age children in rural China, the existing studies have found that
the rates of cognitive delay of preschool-age children are
similarly high: a 2008 study of 505 low-income, rural children aged 4 to 5 found a rate of cognitive delay around
57% [33], and a more recent study conducted in Guizhou
province in 2015 found that over half of rural children
aged 64–71 months were cognitively delayed [34].
Although previous studies in rural China have not focused on the trajectories of cognitive skills, there is evidence that suggests that cognitive development children
under age 3 in rural China may fluctuate over time. A longitudinal study of young rural children in China found the
rate of cognitive delay of sample children increased from
14% at 6 months to 49% at 29 months [35]. Another study,
which examined the impacts of a parental training intervention to increase psychosocial stimulation, found that it
was possible to improve the cognitive development of the
sample children, especially those children who had low
levels of cognition at baseline [36]. Importantly, however,
no study in China to date has documented the trajectories
cognitive development among young children under age 3.
Additionally, little is known about how different trajectories of cognitive development before age 3 may predict cognitive development as children grow older (e.g., to
preschool age).
If the trajectories of cognitive development during 0 to
3 years of age are associated with development in later
childhood (both preschool age and beyond), there would
be great value for researchers and policymakers to determine the factors linked with the different trajectories. To
our knowledge, however, only one study has examined
factors associated with the different trajectories of cognitive development among young children [19]. This
study, conducted by Cheng et al. (2014) among children
in the United States, found that trajectories of cognitive
development from infancy to preschool age were related
to the demographic characteristics of children and

Wang et al. BMC Pediatrics

(2021) 21:199

families: children with low birth weight and those from
families with low income were more likely to experience
persistent cognitive delay, whereas female children and
those with siblings were more likely to see their cognitive
development improve. Additionally, although no studies
in developing countries have examined cognitive trajectories before age 3, many studies in developing counties have
identified risk factors that are correlated with early childhood cognitive delay, including low parental education
levels, low family income, and greater number of siblings
in a family [26, 35, 37, 38]. Given the consistency of these
findings across settings as diverse as Columbia, China, and
South Africa, it is possible these factors also may be related to trajectories of child cognitive development.
The aim of this paper is to describe the trajectories of
child cognitive development between the ages of 0–3 years
among in rural Western China and examine how different
trajectories predict cognitive development at preschool
age. To achieve this goal, we have four specific objectives.
First, we describe child cognitive development at three
points in time: infancy (6–12 months), toddlerhood (22–
30 months) and preschool age (49–65 months). Second,
we describe the trajectories of child cognitive development
from infancy to toddlerhood and report the shares of sample children who are never delayed, persistently delayed,
show improving cognitive development and show deteriorating cognitive development before age 3. Third, we
examine how the different trajectories of cognitive development before age 3 predict cognitive skills at preschool
age. Finally, we identify individual and household factors
that are associated with each developmental trajectory before age 3, including the child’s age, gender, whether the
child was born prematurely, whether the child had siblings, maternal age, maternal education level, and the family asset index of each household.
The remainder of this paper is structured as follows.
Section 2 presents our methods, including sample selection, data collection, and statistical methods. Section 3
describes the results. Section 4 discusses the findings,
and section 5 concludes.

Methods
Sample selection

The data presented in this paper come from a longitudinal
study of children and households conducted by the authors in 11 nationally designated poverty counties1 in the
Qinba Mountain area of China. This region is nationally
recognized as a concentrated and contiguous poverty-
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stricken area in China [39]. In 2013, the per capita GDP of
the region was US$1275 (RMB 7896), lower than the national per capita GDP of US$7057 (RMB 43,684) [40]. Of
the 75 counties in the region, nearly all are designated as
poverty counties by the central government of China [39].
The sample was selected in 2013 using a multistage
cluster sampling design. First, all townships in the 11
counties were included in the study, with two exceptions: We excluded the one township in each county
that housed the county seat and any townships that did
not have any villages with a population of 800 or more.
In total, according to these criteria, 174 townships were
included in the study. Next, we randomly selected two
villages from each of the sample townships. Finally, with
the help of the local family planning offices in the study
area, we obtained a list of all registered children born
between March 2012 and May 2013 in each sample village. We excluded infants with known diseases or disabilities and selected all remaining infants within the
target age range (6–12 months) for inclusion in this
study. Overall, the baseline sample included 1802
children.
Following the initial survey wave in 2013, we conducted two follow-up surveys: one in April 2015, when
the sample children were 22–30 months old, and another in 2017, when the sample children were 49–65
months old. We use child cognitive development measured in the first and second survey waves to determine
trajectories of development before age 3, while cognitive
skills assessed during the third survey wave serve as our
main outcome variable. In total, 1272 children were surveyed in all three waves. It should also be noted that
there were missing data from children who did not
complete the Bayley Scales of Infant Development
(BSID) and the Wechsler Preschool and Primary Scale of
Intelligence-Fourth Edition (WPPSI-IV) (4 in the first
wave, 10 in the second wave, and 13 in the last wave).
We performed a series t-tests to compare those children
not having cognitive scores at any wave with those having cognitive scores at all three waves (Additional file 1:
Appendix Table A1). No significant differences were detected on any demographic variable. These data give evidence that excluding the missing values probably did
not bias the results. For our analysis, we excluded the
sample not having cognitive scores at any wave. Our
final sample included 1245 children.

Data collection and measures
1

In China, nationally designated poverty counties are areas that have
been recognized by the central government as low-income areas in
greater need of government support. The threshold for poverty county
status is an annual per capita income of less than 2300 RMB, or about
1 U.S. dollar per person per day (The State Council Leading Group Office of Poverty Alleviation and Development, 2012).

In each survey wave, we collected two main blocks of
data. The first block collected data on the cognitive development of each sample child. The second block collected data on the demographic characteristics of sample
children and households.
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Cognitive development

Because child cognitive assessments are typically designed for specific age ranges, we use two different assessments of cognition based on the ages of the sample.
During the first and second survey waves (when children
were 6–12 months and 22–30 months, respectively), we
assessed cognitive development using the first version of
the Bayley Scales of Infant Development (BSID). The
BSID is an internationally-recognized scaled test for children under 30 months [41–43]. This test was formally
adapted to the Chinese language and culture in 1993
and scaled according to an urban Chinese sample [44].
The BSID produces a mental development index (MDI)
that measures memory, habitation, problem solving,
early number concepts, generalization, classification, vocalizations, and language [45]. In the Chinese version of
the BSID, the MDI has an inter-rater reliability of 0.99, a
test-retest reliability rate of 0.82, and a parallel forms reliability of 0.85 [46]. The MDI has an expected mean of
100 and SD of 16. Children with an MDI score below 84
(1 SD) are considered developmentally delayed.
In the third survey wave (when sample children 49–
65 months), we assessed cognitive development using
the Chinese version of the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition (WPPSI-IV).
The WPPSI-IV is an individually-administered, standardized test for assessing the cognitive functioning of
children aged 30–91 months [47]. The Chinese version
of the WPPSI-IV was adapted in 2010 and scaled
according to a Chinese sample from urban and rural
areas [48], and has since been applied in research across
China [49, 50]. The WPPSI-IV produces a Full-Scale
Intelligence Quotient (FSIQ), which is a composite score
that summarizes cognitive ability across a diverse set of
domains. The Chinese version of the WPPSI-IV test has
a reliability coefficient of 0.96 for the FSIQ. Considering
the Flynn effect calculated based on Flynn, Trahan et al.
and Wang et al. [51–53], children with FSIQ scores
more than 1 SD lower than the mean of 101.3 are considered developmentally delayed.
The BSID and the WPPSI-IV were administered oneon-one to each child by trained testers, using a standardized set of toys and a detailed scoring sheet. The testers
underwent a formal week-long training course, including
2.5 days of field training, prior to each survey wave. All
of the BSID assessments were conducted in the home
for each child. All of the WPPSI-IV assessments were
conducted at either the child’s home or preschool. Neither caregivers nor teachers were allowed to assist the
child during the administration of the tests.
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primary caregiver (defined as the individual most responsible for the child’s daily care, typically the child’s
mother or paternal grandmother). Child characteristics
included the child’s age in months, gender, whether the
child was premature (born before 37 weeks of gestation),
and whether the child had siblings. Household characteristics included maternal age, maternal education level,
and the family asset index of each household.2 Each
child’s age and premature birth status were obtained
from his or her birth certificate.
Statistical analysis

For our analysis, BSID and WPPSI-IV cognitive raw
scores are standardized separately for each survey wave.
Because raw scores increase with age, we computed ageadjusted standardized cognitive scores by subtracting
age-specific means and dividing by age-specific SDs, estimated using non-parametric regression methods. This
method is used mainly because the number of sample
observations in each age segment is relatively small, and
this procedure makes the data less sensitive to outliers
[54]. Using this approach yields normally distributed
standardized scores with a mean of zero across the age
range.
Following Cheng et al. and Witt et al. [19, 24], we sort
sample children into four groups based on their trajectory of cognitive development from infancy (6–12
months) to toddlerhood (22–30 months). These four categories are: 1) “never” cognitively delayed, defined as
having no cognitive delay at either 6–12 months or 22–
30 months; 2) “persistently” cognitively delayed, defined
as having cognitive delay at both 6–12 months and 22–
30 months; 3). “improving,” defined as having cognitive
delay at 6–12 months but no longer delayed by 22–30
months; or 4) “deteriorating,” defined as not having delayed at 6–12 months but developing cognitive delay at
22–30 months.
To examine associations between trajectories of cognitive development before age 3 and cognitive skills at preschool age (49–65 months), we employed ordinary least
squares (OLS) to construct a model as follows:
Cognition Outcomesi ¼ β0 þ β1 Evolutionary Pathi þ X i þ ui ;

where Cognition Outcomesi represents the standardized
FSIQ score of child i at preschool age (49–65 months).
Evolutionary Pathi is a dummy variable for the trajectory
of cognitive development of child i that is equal to 1
when a child is in the trajectory of interest and 0
2

Demographic characteristics

Teams of trained enumerators collected child and
household characteristics from each sample child’s

ð1Þ

The household assets index was constructed using polychoric
principal component analysis based on the following variables: tap
water, toilet, water heater, washing machine, computer, Internet,
refrigerator, air conditioning, motorcycle or electronic bicycle, and
automobile.
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otherwise. For example, when we examine the association of never having cognitive delay category before age
3 to FSIQ at preschool age, Evolutionary Pathi is equal
to 1 for “never” and 0 otherwise. We compare all other
trajectories in this way, using the Evolutionary Pathi
variable in the same manner. The term Xi is a vector of
covariates that are included to capture the individual
and household characteristics of each child (age, gender,
whether the child was premature, whether the child has
siblings, MDI score at baseline, identity of primary caregiver, maternal age, maternal educational level, and family asset index). ui is an error term. We also control for
county fixed effects and time fixed effects.
We also used the same OLS regression approach with
an alternative specification to estimate the associations
between the four trajectories of cognitive development
before age 3 and cognitive skills at preschool age. The
model is constructed as follows:
Cognition Outcomesi ¼ β0 þ β1 Evolutionary Pathi þ X i þ ui ;

Cognition OutcomesiðpreschoolÞ ¼ β0 þ β1 Cognition Outcomesið jÞ
þX i þ ui ;

ð2Þ

where the dependent variable, Cognition Outcomesi represents the standardized FSIQ score of child i at preschool age (49–65 months). The variable, Evolutionary
Pathi, is a vector of three dummy variables that measure
whether the child was in one of three trajectories: persistently delayed, improving, or deteriorating. The never
delayed group is used as a reference group against which
the other three groups are measured. As in Eq. (1), the
variable Xi is a vector of covariates capturing child and
household characteristics, and ui is an error term. We
also control for county fixed effects and time fixed
effects.
To identify which of the child or household characteristics are most highly associated with each trajectory of
cognitive development, we followed Cheng et al. (2014)
and Witt et al. (2009) to construct a multivariate probit
regression model (using a limited dependent which takes
on a value of either 1 or 0) [19, 24]. The model is as
follows:
Evolutionary pathi ¼ β0 þ β1 Childi þ β2 Household i þ ui ;

represents household characteristics, including identity
of the primary caregiver, maternal age, maternal educational level, and family asset index. ui is a meanzero error component, which captures unobserved
factors that determine the dependent variable. We
also control for county fixed effects and time fixed effects. To provide consistency with the models in Eqs.
(1), (2) and (3), we also used OLS to estimate the
model specified in Eq. (3) and have put the results in
Additional file 1: Appendix Table A2.
Finally, we employed the same ordinary least squares
(OLS) estimation approach as used to estimate Eqs. (1)
and (2) to estimate the associations between preschoolage cognitive skills and child cognitive development outcomes at different age ranges. We use the following
model:

ð3Þ

When we compare the differences in characteristics
between children who never experienced cognitive
delay and children classified as deteriorating, the
dependent variable, Evolutionary pathi, equals 1 for
“deteriorating” and 0 for “never.” When we compare
the differences in characteristics between persistently
cognitively delayed children and children who were
improving, the dependent variable, Evolutionary pathi,
equals 1 for “improving” and 0 for “persistently.”
Childi represents individual child characteristics, including age, gender, whether the child was premature,
and whether the child has siblings. Householdi

ð4Þ
where Cognitive Scorei(preschool) represents the standardized FSIQ score of child i at preschool age (49–65
months). When we evaluate the association between
cognition outcomes at preschool age and in infancy (6–
12 months), the independent variable, Cognitive Scorei(j),
represents the standardized MDI score of child i in infancy. When we examine the association between cognition outcomes at preschool age and in toddlerhood (22–
30 months), the independent variable, Cognitive Scorei(j),
represents the standardized MDI score of child i in
toddlerhood. When we assess the association between
cognition outcomes at preschool age and changes in
cognition scores from infancy to toddlerhood, Cognitive
Scorei(j) represents the change in the standardized MDI
score of child i from infancy to toddlerhood. The term
Xi is a vector of covariates, as defined above in Eq. (1),
and ui is an error term. We control for county fixed effects and time fixed effects.

Results
Descriptive characteristics of participants

Table 1 presents the demographic characteristics of the
sample children and their caregivers. Among the children in our sample, slightly more than half (51%) were
male, and 76% did not have siblings. Only a small percentage of children (5%) were premature. For 85% of the
sample children, the mother was the primary caregiver.
In the case of the remaining 15% of the caregivers, the
paternal grandmother was most often the primary caregiver. Among the mothers in our sample, 62% were
more than 25 years old. Only 15% of the mothers had
completed more than 12 years of schooling.
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Frequency (n)

Percentage (%)
or Mean ± SD

high (45%). For all three survey waves, the rates of cognitive delay were higher than the rate found in a healthy
population (15%) [53].

Male

640

51.4

Trajectories of child cognitive development

Female

605

48.6

Table 1 Characteristics of sample children (6–12 months) (N = 1245)
Characteristic
Child
Gender

Table 3 presents the shares of sample children in each
of the four trajectories of cognitive development. Of the
1245 children in the full sample, 481 (39%) were never
cognitively delayed; 165 children (13%) were persistently
cognitively delayed; 83 children (7%) showed improving
cognitive development; and 516 children (41%) experienced deteriorating cognitive development.

Whether the child was premature
Yes

58

4.7

No

1187

95.3

Whether the child has siblings
Yes

298

23.9

No

947

76.1

Household

Associations between trajectories of cognitive
development and cognitive outcomes

Mother is primary caregiver
Yes

1058

85.0

No

187

15.0

< 25

476

38.2

≥ 25

769

61.8

Maternal age

Maternal education level (years)
< 12

1057

≥ 12

188

15.1

1245

−0.1 ± 1.2

Family asset index

84.9

Asset index constructed using polychoric principal components of the
following variables: tap water, toilet, water heater, washing machine,
computer, Internet, refrigerator, air conditioning, motorcycle or electronic
bicycle, and automobile

Child cognitive outcomes

For all survey waves (6–12 months, 22–30 months and
49–65 months), the mean cognitive scores of the sample
children were lower than the mean of 100 found in
healthy populations (Table 2). Similarly, the data show
that a considerably large share of the sample children
were suffering from cognitive delay (developmental
scores 1SD or more below the healthy mean), with the
rate of delay increasing significantly from 20% during infancy (6–12 months) to 55% by toddlerhood (22–30
months). When the sample children reached preschool
age (49–65 months), the rate of cognitive delay remained

Table 4 compares the preschool-age FSIQ scores of sample children in each cognitive trajectory (never delayed,
persistently delayed, improving, deteriorating) to the
children in all of the other groups combined using Eq.
(1). The results show that children who were never cognitively delayed before age 3 had significantly higher
preschool-age FSIQ scores relative to children in the
other three trajectories. Children with improving cognitive development also scored higher than children in the
rest of the sample. In contrast, children with persistent
cognitive delay and those whose cognitive development
had deteriorated had significantly lower preschool FSIQ
scores as compared to the rest of the sample.
Table 5 presents the associations between developmental trajectories and preschool-age cognitive skills
using Eq. (2), in which we regressed the persistently
delayed, improving, and deteriorating trajectories on
preschool-age FSIQ scores using the never delayed
group as the reference group for comparison. Compared
to children who never experienced cognitive delay, children with persistent cognitive delay and children with
deteriorating cognitive development before age 3 had
significantly lower preschool-age FSIQ scores by 0.73 SD
and 0.52 SD, respectively. Children with improving cognitive development before age 3, however, demonstrated
no significant differences in standardized FSIQ scores
compared to children who were never delayed.

Table 2 Cognitive outcomes of rural young children in different age ranges in Northwest China (N = 1245)
Outcome

Infancy

Toddlerhood

Preschool Age

Diff. (1)–(2)

Diff. (1)–(3)

Diff. (2)–(3)

Mean (SD)

Mean (SD)

Mean (SD)

p-value

p-value

p-value

Cognitive score

96.3 (16.70)

81.0 (21.49)

88.7 (11.75)

< 0.01

< 0.01

< 0.01

Rate of delay

20% (0.40)

55% (0.50)

45% (0.50)

< 0.01

< 0.01

< 0.01

Data source is author’s survey. Cognitive scores are the Bayley Scale of Infant Development (BSID) scores on the Mental Development Index (MDI) for infants (6–
12 months) and toddlers (22–30 months), and the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition (WPPSI-IV) scores on the Full-Scale
Intelligence Quotient (FSIQ) for preschool-age children (49–65 months). Delay is defined as having cognitive scores below − 1 standard deviation (SD) of the mean
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Table 3 Trajectory of child cognitive development from infancy to toddlerhood (N = 1245)
Development

Infancy

Toddlerhood

Frequency (n)

Never delayed

No

No

481

Percentage (%)
38.6

Persistently delayed

Yes

Yes

165

13.3

Improving

Yes

No

83

6.7

Deteriorating

No

Yes

516

41.4

“Never delayed” includes all young children whose scores on the Bayley Scale of Infant Development (BSID) of the Mental Development (MDI) in infancy and
toddlerhood never fell below − 1 standard deviation (SD). “Persistently delayed” includes all young children whose scores on the MDI scales in infancy and
toddlerhood never rose above − 1 SD. “Improving” includes all young children whose scores on the MDI scales fell below − 1 SD in infancy and then rose above −
1 SD in toddlerhood. “Deteriorating” includes all young children whose scores on the MDI scales were above − 1 SD in infancy and then fell below − 1 SD in
toddlerhood. Data source is authors’ survey

Associations between child and household characteristics
and trajectory of child cognitive development

Table 6 presents the results of our multivariate probit
analysis of the associations between child and household
characteristics and cognitive trajectories before age 3,
using Eq. (3). Columns 1 and 2 compare the characteristics of children who were never delayed versus those
who had deteriorating cognitive development. The results show that children with older mothers, children
whose mothers had higher education levels, and children
from families with higher asset index scores were 9, 15
and 6% less likely to have deteriorating cognitive delay
(rather than never having cognitive delay), respectively.
Columns 3 and 4 of Table 6 compare the child and
household characteristics of children who were persistently delayed and those who showed improving cognitive development before age 3. The results find that the
same characteristics—maternal age, maternal education
level, and family asset index—were significantly positively correlated with improving cognitive development
relative to children in the persistently delayed group.

Children with older mothers, children more educated
mothers, and children from families with higher asset
index scores were 15, 23, and 10% more likely to have
improving cognitive development rather than experiencing persistent cognitive delay, respectively. We found
no statistically significant associations between child
characteristics and any cognitive trajectory (Rows 1–4).
Associations between cognitive scores at preschool age
and in infancy and toddlerhood

Table 7 compares the associations of cognitive skills in
infancy and toddlerhood, and cognitive trajectories before age 3, to preschool-age cognition using Eq. (4). The
data show that the standardized cognitive scores in infancy and toddlerhood were significantly positively correlated with standardized FSIQ scores at preschool age.
More precisely, a 1-SD rise in the standardized MDI
score in infancy (6–12 months) was correlated with a
0.15-SD increase in standardized FSIQ scores at preschool age. When children were in toddlerhood (22–30
months), a 1-SD rise in the standardized MDI score was

Table 4 Ordinary Least Squares estimates of the association between cognitive score at preschool age and trajectory of child
cognitive development from infancy to toddlerhood (N = 1245)
Development

Standardized FSIQ scores (at preschool age)
(1)

Never delayed (1 = never, 0 = otherwise)

(2)

(3)

(4)

0.50*** (0.06)
−0.53*** (0.09)

Persistently delayed (1 = persistently, 0 = otherwise)
Improving (1 = improving, 0 = otherwise)

0.55*** (0.11)
−0.41*** (0.05)

Deteriorating (1 = deteriorating, 0 = otherwise)
Control variables

Yes

Yes

Yes

Yes

County fixed effects

Yes

Yes

Yes

Yes

Time fixed effects

Yes

Yes

Yes

Yes

R-squared

0.22

0.20

0.19

0.21

Models estimated in this table are defined in Eq. (1) in the manuscript. “Never delayed” includes all young children whose scores on the Bayley Scale of Infant
Development (BSID) of the Mental Development (MDI) in infancy and toddlerhood never fell below − 1 standard deviation (SD). “Persistently delayed” includes all
young children whose scores on the MDI scales in infancy and toddlerhood never rose above − 1 SD. “Improving” includes all young children whose scores on the
MDI scales fell below − 1 SD in infancy and then rose above − 1 SD in toddlerhood. “Deteriorating” includes all young children whose scores on the MDI scales
were above − 1 SD in infancy and then fell below − 1 SD in toddlerhood. Control variables include the child’s age and gender, whether the child has siblings,
whether the mother is the primary caregiver, whether the mother is more than 25 years old, whether the mother has attained 12 or more years of education, and
the family asset index. We also control for baseline Bayley MDI scores, time and county fixed effect. Each column is a separate regression. Data source is
authors’ survey
***p < .01
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Table 5 Association between cognitive score at preschool age
and trajectory of child cognitive development from infancy to
toddlerhood (N = 1245)
Development

Standardized FSIQ scores
(at preschool age)

Persistently delayed (1 = persistently,
0 = otherwise)

−0.73*** (0.11)

Improving (1 = improving, 0 = otherwise)

0.04 (0.13)

Deteriorating (1 = deteriorating,
0 = otherwise)

−0.52*** (0.06)

Control variables

Yes

County fixed effects

Yes

Time fixed effects

Yes

R-squared

0.25

Models estimated in this table are defined in Eq. (2) in the manuscript. “Never
delayed” is the reference in the regression. “Never delayed” includes all young
children whose scores on the Bayley Scale of Infant Development (BSID) of the
Mental Development (MDI) in infancy and toddlerhood never fell below − 1
standard deviation (SD). “Persistently delayed” includes all young children
whose scores on the MDI scales in infancy and toddlerhood never rose above
− 1 SD. “Improving” includes all young children whose scores on the MDI
scales fell below − 1 SD in infancy and then rose above − 1 SD in toddlerhood.
“Deteriorating” includes all young children whose scores on the MDI scales
were above − 1 SD in infancy and then fell below − 1 SD in toddlerhood.
Control variables include the child’s age and gender, whether the child has
siblings, whether the mother is the primary caregiver, whether the mother is
more than 25 years old, whether the mother has attained 12 or more years of
education, and the family asset index. We also control for baseline Bayley MDI
scores, time, and county fixed effects. Data source is authors’ survey
***p < .01

correlated with a 0.39-SD increase in standardized FSIQ
scores at preschool age. A test of the difference between
the two coefficients finds that they are significantly different. Finally, a 1-SD rise in standardized MDI scores
from infancy to toddlerhood was correlated with a 0.13SD increase in the standardized FSIQ scores at preschool age, indicating that improving the cognitive status
from infancy to toddlerhood could lead to better cognitive development at preschool age.
Comparing the R-squared coefficients of the models
that predict preschool-age cognition (Tables 4, 5, and
7) may provide insight into what measurement
approaches might be best identifying the children at
highest risk for long-term delayed development. The
R-squared values associated with the four regressions
in Table 4 are all between 0.19 and 0.22, whereas in
Table 5 (including all of the trajectories together), the
R-squared value is 0.25, suggesting that the full model
would provide a slightly higher-quality prediction. In
Table 7, the R-squared coefficient associated with the
regression of toddler cognitive scores on preschool
cognition (0.26; Column 2) is higher than the Rsquared values for infant cognitive scores (0.16;
Colum 1) and the change in cognitive scores (0.16;
Column 3), suggesting that the predictive power of a
3-year-old’s cognitive score is superior to the other
measures. There is little difference between the
predictive power of the best-fitting model using trajectories (Table 5) and the best-fitting model using
cognitive scores (Table 7). The best-fitting model for

Table 6 Multivariate analysis of the association between characteristics and trajectory of child cognitive development from infancy
to toddlerhood
Characteristic

Deteriorating

Improving

(1) β

(2) ME

(3) β

(4) ME

− 0.02 (0.02)

−0.01 (0.01)

− 0.03 (0.05)

−0.01 (0.02)

Child characteristics
Age
Male (1 = yes)

0.08 (0.08)

0.03 (0.03)

0.01 (0.19)

0.00 (0.06)

Premature (1 = yes)

−0.06 (0.21)

−0.02 (0.08)

0.38 (0.35)

0.12 (0.11)

Have siblings (1 = yes)

0.02 (0.11)

0.01 (0.04)

0.35 (0.22)

0.11 (0.07)

Household characteristics
Primary caregiver (1 = mother)

0.07 (0.09)

0.02 (0.03)

−0.34 (0.21)

−0.10 (0.07)

Maternal age (1 = more than 25 years old)

−0.25*** (0.09)

−0.09*** (0.03)

0.48** (0.22)

0.15** (0.07)

Maternal education level (1 = 12 years or higher)

−0.41*** (0.12)

−0.15*** (0.04)

0.75*** (0.25)

0.23*** (0.07)

Family asset index

−0.17*** (0.04)

−0.06*** (0.01)

0.32*** (0.09)

0.10*** (0.03)

County fixed effects

Yes

Yes

Yes

Yes

Time fixed effects

Yes

Yes

Yes

Yes

Observations

997

997

248

248

Models estimated in this table are defined in Eq. (3) in the manuscript. Column 1 presents coefficients and standard errors (in parentheses) from the probit
regression. Column 2 presents marginal effects from the same probit regression, where 1 = “Deteriorating” and 0 = “Never” when child’s age is from 6 to 12
months (infancy) to 22 to 30 months (toddlerhood). The same multivariate analysis for “Improving” and “Persistent” are shown in Columns 3 and 4, where
1 = “Improving” and 0 = “Persistently delayed.” All regressions control for county fixed effects and time fixed effects. Data source is authors’ survey
**p < .05, ***p < .01
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Table 7 Associations between standardized cognitive scores at preschool age and in infancy and toddlerhood (N = 1245)
Variable

Standardized cognitive scores (at preschool age)
(1)

Standardized cognitive scores (in infancy)

(2)

(3)

0.15*** (0.03)

Standardized cognitive scores (in toddlerhood)

0.39*** (0.03)

Changes in standardized cognitive scores from infancy to toddlerhood

0.13*** (0.02)

Controls

Yes

Yes

Yes

County fixed effects

Yes

Yes

Yes

Time fixed effects

Yes

Yes

Yes

R-squared

0.16

0.26

0.16

Models estimated in this table are defined in Eq. (4) in the manuscript. Control variables include the child’s age and gender, whether the child has siblings,
whether the mother is the primary caregiver, whether the mother is more than 25 years old, whether the mother of the child had attained more than 12 years of
education, and family asset index. We also control for time and county fixed effects. All standard errors account for clustering at the village level. Data source is
authors’ survey
***p < .01

the trajectory had an R-squared value of 0.25 (Table
5, Row 7). The R-squared value of the best-fitting
regression in Table 7 is 0.26 (Column 2, Row 7). Statistical tests of goodness of fit do not find any
differences.

Discussion
We studied the trajectories of child cognitive development before 3 years of age in rural Western China and
examined how these paths affect predict cognitive skills
at preschool age. We described the cognitive development outcomes of children when they were in infancy
(6–12 months), toddlerhood (22–30 months), and preschool age (49–65 months) and identified children who
were never delayed, persistently delayed, had improving
cognition and had deteriorating cognition before age 3.
The empirical analysis also examined the associations
between trajectories of cognitive development before age
3 and cognitive development skills at preschool age and
identified risk factors (child and household characteristics) associated with each trajectory of cognitive development before age 3.
The results demonstrate that the prevalence of cognitive delay among rural infants (20%), toddlers (55%), and
preschoolers (45%) is significantly higher than what one
would expect for children in a healthy population (15%)
[47, 55]. These findings are consistent with a number of
recent empirical studies in rural China [26, 31–34, 56].
According to these studies, 39 to 49% of infants and
toddlers between 6 and 36 months are cognitively delayed, and 37 to 57% of children at preschool age are
cognitively delayed. Hence, our results, using three observations for the same cohort, concur with the crosssectional studies in the literature, indicating that the
cognitive delay of children during the first 5 years of life
is a common problem across rural China.
The data also revealed that a large share of children
had deteriorating cognitive development before age 3.

Whereas only 13% of children had persistent cognitive
delay, 41% of the sample saw their cognitive skills deteriorate, meaning that they developed cognitive delay as
they aged from infancy (6–12 months) to toddlerhood
(22–30 months). In contrast, only 7% of the sample children saw their cognitive skills improve (recovered from
cognitive delay between infancy and toddlerhood). These
findings suggest that sample children in rural China who
were cognitively delayed in infancy (20% of the original
sample) were less likely to recover from cognitive delay
by the time they reached toddlerhood. Moreover, over
half of the children who were not cognitively delayed in
infancy became delayed by the time they reached
toddlerhood.
Perhaps most importantly, the analysis demonstrates
that different trajectories of child cognitive development
before age 3 predict different levels of cognitive skills at
preschool age. Children who were never cognitively delayed and children with improving cognitive trajectories
had significantly higher levels of cognitive skills when
they reached preschool age, whereas children who were
persistently delayed and those with deteriorating cognitive trajectories during the first 3 years had relatively
lower levels of cognitive skills at preschool age. Although
there has not been a lot of work in this specific area, the
findings are in line with at least two previous international studies [19, 23], which found that children who
exhibit cognitive delay in early life (at 9–24 months old)
have a higher likelihood of being cognitively delayed
later in life (at 4–5 years old). The finding that “never”
delayed and “improving” children in the sample show
similar levels of cognition at preschool age indicates that
identifying and addressing cognitive delays before age
three may reduce the overall prevalence of cognitive delays and promote healthy long-term development among
children in rural China.
In addition, we were interested in which measure was
most predictive of cognitive development at preschool
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age: a child’s cognitive trajectory before age 3, cognitive
development at infancy (6–12 months), or cognitive development at toddlerhood (22–30 months). The results
indicate that the cognitive trajectory before age 3 has
similar predictive power to a child’s level of cognitive development at 3 years. Although no study has considered
this issue specifically, other studies have shown that a
child’s level of cognition at 3 years predicts cognitive
skills when a child is 5 years old. Specifically, research [6,
16, 57] has shown that the predictive power, measured
as R-squared (goodness of fit) of the equation, using 3year-old cognitive development to predict 5-year-old development, ranged from 0.36 to 0.77. More importantly,
the finding that the prediction of the cognitive trajectory
before age 3 to cognitive development at preschool age
is the same as that of cognitive development at age 3
suggests that it may not be worth spending valuable resources to monitor the trajectory of child cognitive development unless the monitoring is helpful in inducing
investment in children that would arrest deterioration
and overcome the persistence of cognitive delay to enable young children to improve their trajectory. In the
case of rural China, however, where our study finds 41%
of children have deteriorating cognitive development before age 3, monitoring developmental trajectories in
early childhood may help to identify vulnerable children
and provide timely intervention.
Finally, we identified a relatively small number of individual characteristics associated with the socioeconomic
status of the caregiver that predict improving or deteriorating cognitive trajectories before age 3. Children who
had older mothers, more educated mothers, and lived in
households with high family asset indices were less likely
to experience deteriorating trajectories of cognitive development and were more likely to experience improving
trajectories. Such a finding is consistent with previous
international research that has investigated factors associated with child cognitive development at a single point
in time [58–62]. The research found that older mothers,
more-educated mothers, and higher socioeconomic status of the household were positively associated with better child cognitive development. For example, a study
conducted in Ecuador in the early 2000s, using a sample
of 3000 children aged 36 to 72 months from poor families found that household wealth and maternal education were associated with higher cognitive scores [62].
This study makes three contributions to the literature.
First, the strengths of this study include its populationbased sampling technique, large sample size, and rigorous child development testing, all of which increase
confidence in the validity of our findings. Second, this is
the first study to investigate the trajectories of child cognitive development and the association between these
trajectories and preschool-age development in rural
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China; it is also one of only a few studies to do so internationally. Finally, this study examined factors associated
with the different trajectories of child cognitive development in rural China, and these findings may provide
specific indicators to target the children who are more
vulnerable to delayed cognitive development. This information also may help researchers and policymakers to
improve the interventions aimed at reducing the prevalence of child cognitive delay in the early years of life.
We also acknowledge two limitations of this study.
First, although we document changes in cognitive development from infancy to preschool age, the data were
collected in three survey waves, separated by intervals of
nearly 2 years. As a result, this analysis may underestimate the true share of children who were affected by
cognitive delay through early childhood. Second, although the samples in this study were randomly selected
from the Qinba Mountain area of China, we do not consider our results to be statistically representative of the
entire country or other rural regions. Future studies
should examine the changes in cognitive development of
early childhood over shorter intervals to better understand the trajectories of cognitive development in both
the short and long terms. Moreover, future studies
should continue to expand on the current study by using
surveys of a wider scope and sampling populations from
other rural areas in China that this study did not
explore.

Conclusion
We studied the trajectories of child cognitive development before 3 years of age in rural Western China and
examined how these paths predict cognitive skills at preschool age. Drawing on longitudinal data from 1245
children and their families in 11 rural counties in
Western China, the results found that 20% of children
were cognitively delayed in infancy (6–12 months), 55%
were delayed in toddlerhood (22–30 months), and 45%
were delayed at preschool age (49–65 months). About
41% of children had a deteriorating cognitive trajectory
from infancy to toddlerhood, whereas only 7% had an
improving trajectory. Compared to children who had
never experienced cognitive delay, children with persistent cognitive delay and those with deteriorating development before age 3 had significantly lower cognitive
scores at preschool age. Children with improving development before 3 showed no similar levels of cognition at
preschool age as children who had never experienced
cognitive delay. Children with older mothers, children
whose mothers had higher education levels, and children
from families with higher asset index scores were less
likely to have deteriorating cognitive development and
more likely to having improving cognitive development
before age 3.
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Findings of this paper have clear implications for both
policymakers and researchers. Considering the high rates
of child cognitive delay in the first 5 years of life in rural
China and examining the evidence in this paper in regard to the trajectories of child cognitive development
during 0 to 3 years of age in rural China, we recommend
that China’s government act to help families to improve
the cognitive development of their children at an early
age, especially for rural families and those families with
low SES. Programs should be established to help families
measure levels of child cognitive development when
children are young and provide immediate intervention
for children with delays, with special consideration for
vulnerable communities such as poor households in
rural China.
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