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a b s t r a c t 

Parental investment in the home language environment during the earliest years is a critical predictor of early 
language development. Because most studies investigating the home language environment and child language 
development have been conducted in Western, high-income, and developed settings, less is known about such 
environments in low- or middle-income settings. This study was conducted in a peri-urban area in Southwestern 
China in a sample of 81 rural migrant and urbanized farmer families with children aged 18-24 months. The home 
language environment was measured using Language Environment Analysis (LENA) recorders and software, while 
early language development was measured using the MacArthur-Bates Communicative Developmental Invento- 
ries expressive vocabulary scale. Findings reveal large and substantial variation in the sample’s home language 
environments and a strong association between the home language environment and child language develop- 
ment. Certain demographic characteristics, such as household resources, maternal employment, and gender, are 
associated with the home language environment. These findings highlight the needs for interventions specifically 
targeting the home language environment to improve early language development of young children and for 
more research on early childhood development in peri-urban China. 
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. Introduction 

The first three years of life is one of the most critical periods for
arly childhood development (ECD). During this time, environmental
ariables within the home correlate significantly with child develop-
ent, and may lead to either positive or negative developmental tra-

ectories ( Gottfried, 2013 ). Linguistic and social experiences in early
hildhood have been found to impact growth in cognitive functioning,
anguage acquisition, and later academic skills ( Romeo et al., 2018 ). Ac-
ording to the investment model —one of the many theoretical frame-
orks describing relations between various environmental variables and
CD outcomes —better caregiver investment (typically predicated on the
vailability of economic resources) during the early years of a child’s life
eads to the largest returns in skills attainment and later-life outcomes
 Coddington et al., 2014 ; Heckman et al., 2013 ; Conger et al., 2010 ;
unha et al., 2010 ; ; Heckman, 2006 , 2008 ). 

Specifically, a body of ECD literature has highlighted the home lan-
uage environment as a critical area of early investment. In this paper,
ome language environment is used as an umbrella term to describe
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he language-related interactions and processes (also referred to as lan-
uage inputs) that children are exposed to at home. Research has shown
hat the quality of the home language environment is a strong predic-
or of a child’s language development outcomes ( Gilkerson et al., 2018 ;
amírez-Esparza et al., 2014 ; Weisleder & Fernald, 2013 ). For exam-
le, studies conducted in Western contexts have documented how chil-
ren with caregivers who speak to those children more frequently tend
o have larger vocabularies and process information faster than chil-
ren with less developmentally-engaging home language environments
 Hurtado et al., 2014 ; Gilkerson & Richards, 2009 ; Hart & Risley, 1995 ;
. Moreover, because early language development has been identified as
 determinant of academic outcomes, what a caregiver invests linguis-
ically into the home language environment can significantly influence
heir child’s overall developmental outcome ( Fernald et al., 2013 ; Lee
 Burkam, 2002 ). 

Early investment into the home language environment is especially
mportant for children from low socio-economic backgrounds, a popu-
ation that is at high risk for experiencing significant disparities in lan-
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uage and literacy skills ( Mendive et al., 2020 ; Merz et al., 2020 ). There
ave been consistent and robust findings that early language dispari-
ies contribute to cumulative disadvantages over time (; Leung et al.,
020 ; Hart and Risley, 1995 ). In addition, evidence has shown that,
mong preschool-aged children who experience untreated speech and
anguage delay, 40% to 60% of the children may experience persistent
anguage difficulties ( Law et al., 1998 ). On top of that, an estimated
50 million young children living in low- and middle-income countries
LMICs) are already vulnerable to reduced cognition and developmental
elay (e.g., in literacy-numeracy, learning/cognition, physical develop-
ent, and socioemotional development) ( Bai et al., 2019 ; Black et al.,
017 ; McCoy et al., 2016 ). Seeing as language skills developed in the
rst years of life provide a foundation for later skill development that

mpacts factors such as school readiness and academic achievement, tar-
eted language development interventions may be a key strategy for im-
roving ECD and child outcomes in at-risk settings ( Fernald et al., 2013 ;
eisenberg & Woodley, 2013 ; Wake et al., 2012 ). 

.1. Describing the home language environment: language quality and 

uantity 

It is well-established that children’s early language skills are strongly
orrelated with their exposure to language inputs in the home context.
ariability in children’s language skills has been documented as de-
endent on quantitative and qualitative differences in their language-
earning experiences, such as their exposure to conversational speech
ith adults and the content of that speech ( Goodrich et al., 2021 ;
cheele et al., 2010 ). According to research by Hart and Risley (1995) ,
he number of adult words spoken to children from birth to age 3
trongly correlates with their language ability by preschool age. Chil-
ren who are exposed to larger quantities of adult speech in the early
tages of language acquisition have been found to experience a reduction
n processing time for encoding, which aids in their vocabulary devel-
pment ( Ellis, 2002 ). Yet simply overhearing adult speech in the home
nvironment does not necessarily facilitate language learning in young
hildren; indeed, social interaction is at the core of children’s language
evelopment, because language is embedded in a child’s daily interac-
ions with their caregivers (; Hirsh-Pasek et al., 2015 ; Bruner, 1985 ).
mpirical studies have revealed that young children learn language
ost effectively from adult speech directed at them (i.e., child-directed

peech) and by participating in extended conversations through mul-
iple speaker turns (i.e., conversational turns with adults) ( Leech &
owe, 2021 ; Leung et al., 2020 ). 

Additionally, not all home language environments are the same; this
s reflected in the wide variability of child language development out-
omes across socioeconomic-status (SES) levels. Studies in the United
tates have consistently found that low-SES families tend to have less-
ngaging home language environments (e.g., fewer adult words spo-
en and fewer adult-child conversations had) compared to high-SES
amilies ( Ramírez et al., 2020; Ganek & Eriks-Brophy, 2018 ; Hirsh-
asek et al., 2015 ; Noble et al., 2015 ; Hurtado et al., 2014 ; ; ; Ramírez-
sparza et al., 2014 ; Weisleder & Fernald, 2013; Rowe, 2012 ; Rowe
 Goldin-Meadow, 2009 ; Hoff, 2003 ). Moreover, disparities arise in
oth the quality and quantity of caregiver-child interactions. Higher-SES
aregivers tend to have more advanced and stimulating verbal inter-
ctions with their children more frequently than lower-SES caregivers,
nd higher-SES caregivers tend to speak far more words to their children
han low-SES caregivers ( Buckingham et al., 2014 ; Hart & Risley, 1995 ).
artially due to their less-engaging language environments, then, chil-
ren from low-SES backgrounds have been found to have weaker cog-
itive and linguistic performance than their higher-SES peers in early
hildhood ( Ramey & Ramey, 2004 ). For example, a study of 18- to 24-
onth-old children in Fernald et al. (2013) found that the language
rocessing efficiency of children from lower-SES families trailed their
igher-SES peers of the same age by an average of six months. 
200 
.2. Measuring the home language environment: LENA 

Although researchers have long recognized the importance of the
ome language environment for early language development, dedicated
tudies are generally rare due to the difficulties inherent in measur-
ng the home language environment. Observer bias is a common dif-
culty in recording home language environments, as audio recordings
re intrusive and disrupt the natural environment. However, recent de-
elopments in research technology have allowed researchers to con-
uct unobtrusive, naturalistic studies on the home language environ-
ent. Thanks to the Language Environment Analysis (LENA) system —a

mall, wearable recorder and complementary language processing soft-
are —researchers can quantify a child’s home language environment
ithout disrupting it ( Wang et al., 2017 ). The LENA recorders are worn
y children and record all language in their vicinity for 16 hours. With
hese day-long recordings, the LENA software can distinguish between
dult words, adult-child conversations, child vocalizations, electronic
oise, silence, and more, providing researchers with a comprehensive,
uantitative depiction of home language environments. 

Using LENA technology, numerous studies in Western settings have
emonstrated the importance of the home language environment on
anguage development outcomes. Studies employing LENA have shown
hat adult speech, adult-child interactions, and child vocalizations are
ignificantly correlated to early language outcomes, such that more
dult words spoken to children, more conversations had with chil-
ren, and more vocalizations made by the child are positively cor-
elated to stronger early language development (e.g., Lopez et al.,
020 ; d’Apice et al., 2019 ; Uccelli et al., 2019 ; Gilkerson et al., 2018 ;
omeo et al., 2018 , 2021 ). 

.3. Influences on the home language environment: Using LENA 

Confirming what other language environment studies have found,
reliminary evidence using LENA devices shows that households of dif-
erent SES have different home language environments, with higher
ES households reporting stronger child development outcomes. Fur-
hermore, studies suggest that even within low-SES households, there
s large variation in home language environments. A LENA study of
9 Spanish-learning infants from low-SES families in the United States
ound significant variability in the amount of overheard speech and
hild-directed speech ( Weisleder & Fernald, 2013 ). The study also found
hat more diverse, child-directed speech was associated with stronger
anguage processing abilities within the sample, even though sample
amilies had similarly disadvantaged demographic characteristics (i.e.,
ow income, low educational attainment, limited access to quality health
are). Beyond the study in low-income areas of the United States, how-
ver, there are few LENA studies that have attempted to measure vari-
tions, or the sources of variations, in the home language environment
ithin non-Western, low-SES populations. To our knowledge, only a

mall number of studies have examined variations in the home language
nvironment within low-SES groups in low- and middle-income settings,
here often large shares of the population have lower-SES backgrounds
 Casillas et al., 2020 , 2021 ; Pae et al., 2016 ; Zhang et al., 2015 ). Cur-
ently, few studies using LENA technology have analyzed the home lan-
uage environment in non-Western samples, including one study from
ural Senegal ( Weber et al., 2017 ), two studies from rural Shaanxi
rovince and urban Shanghai, China, respectively ( Ma et al., 2021 ;
hang et al., 2015 ), and one from urban Seoul, South Korea ( Pae et al.,
016 ). Although the latter two studies were carried out in East Asian
ountries, both targeted high-SES populations in urban megacities. Fur-
hermore, even fewer existing LENA studies have examined the home
anguage environment of low-SES communities in an Asian country, and
hese studies found that children living in rural communities heard less
dult words and experienced less conversational turns than children liv-
ng in urban, higher-SES communities ( Ma et al., 2021 , 2023) . 
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In addition to the inclusion of SES as a possible associated factor with
he home language environment, the literature on the home language
nvironment and early language development has identified several
hild and family demographic characteristics that may act as significant
actors. Previous studies (using LENA and other methods) have found
ignificant differences in language development and home language en-
ironment measures between children of different ages ( Gilkerson et al.,
018 ; Doyle et al., 2012 ) and between boys and girls ( Bornstein, 2002 ).
ther studies have identified mixed findings on the links between ma-

ernal age and child cognitive development, which often overlaps with
anguage development. Some studies have found a positive relationship
etween maternal age and child cognition, while others have suggested
n inverse U-shape relationship such that the lowest and highest ages are
egatively associated with cognitive development ( Duncan et al., 2018 ).
esearch has found positive correlations between parental education

evels and child language development, as well as correlations between
arental education levels and linguistic interactions between adults and
hildren ( Dahl & Lochner, 2005 ; Tamis-LeMonda et al., 2004 ). The ev-
dence on associations between maternal employment and early devel-
pment is mixed, with research pointing toward an overall neutral effect
f maternal employment in the first year of a child’s life on early devel-
pment ( Brooks-Gunn et al., 2010 ). 

.4. The present study 

To address the lack of evidence from low-SES, non-Western popula-
ions in the existing literature, this study examines the home language
nvironment and early language development in a low-SES and pre-
iously understudied population: children from a peri-urban commu-
ity in Southwestern China. In China, low-income, peri-urban spaces,
nown as “villages-within-cities ” ( chengzhongcun ), are effectively rural
ommunities within an urban setting ( Buckingham & Chan, 2018 ; Li
 Xiong, 2018 ). These communities have residents from diverse back-
rounds, including urban and rural migrants, as well as urbanized (i.e.,
ormer) farmers. Our sampling focused on rural migrant and urbanized
armer families because they tend to have lower SES than urban fam-
lies. To be clear, in the rest of this study, “urbanized farmers ” ( shidi

ongmin ) refers to local residents of the community who were formerly
ural farmers but lost their farmland in the urbanization process that has
hysically transformed their environment ( Heurlin, 2019 ). Because of
his urbanization of (former) rural communities, many urbanized farm-
rs of our sample have obtained new legal urban status, also known as
aving an urban hukou , as defined by the Chinese national household
egistration system. 1 “Rural migrants, ” on the other hand, have out-
igrated from their rural hometowns to urban areas for work and are

till legally considered to be rural residents, thus holding rural hukou

 Buckingham & Chan, 2018 ; Li, 2010 ). In most cases, urbanized farmers
wn their own homes in these peri-urban communities, while most rural
igrants rent their housing. However, despite differences in their legal

tatus in China’s national registration system, both groups share rural
ackgrounds and, on average, have relatively low levels of SES (educa-
ion and income/asset levels) compared to their fully urban local peers
 Heurlin, 2019 ; Tong et al., 2019 ; He & Wang, 2016 ; ; Li & Placier, 2015 ;
han, 2011 ; Li, 2010 ). 

To date, little is known about the home language environment or
arly language development among peri-urban communities in China.
ne study of ECD in rural communities across China found that among

ural migrants, 39% of children under age 3 have language delays,
hich is more than twice that of a healthy population ( Wang et al.,
1 China’s household registration system (hukou), which started in the late 
950s, is a legal system that rigidly classifies individuals as either rural or ur- 
an residents and determines their social benefits accordingly. A hukou identi- 
es individuals by their “places of origin ” in China. An urban hukou has more 
rivileges than a rural hukou (S. Li, 2010 ). 

p  

R  
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019 ). The same study found that levels of parental investment in in-
eractive parenting practices were also low among rural migrants: only
1% of migrant caregivers (mothers and fathers) had read a book to
heir child and only 29% had told a story to their child in the previ-
us two days ( Wang et al., 2019 ). However, the aforementioned study
s the only study to date on language development among China’s ru-
al migrants, and yet it did not examine other peri-urban populations
uch as urbanized farmers. Additionally, this study did not focus on the
ome language environment specifically, nor did it examine variations
n language inputs and/or child language development. 

In the current study, we aim to describe the home language envi-
onment and early language development of young children aged 18-24
onths from rural migrant and urbanized farmer families in a peri-urban

ommunity in Southwestern China. To do so, we pursue four research
uestions. First, using LENA technology, what is the quality and the het-
rogeneity of the home language environment in terms of adult words,
dult-child conversations, and child vocalizations? Second, what is the
istribution of child language development and the prevalence of lan-
uage delays among our sample? Third, how are the characteristics of
amilies with different home language environments similar and differ-
nt? Fourth, how do language development outcomes of children in dif-
erent home language environments compare to one another? 

. Materials and methods 

.1. Ethics statement 

This study received ethical approval from the Stanford University
nstitutional Review Board (Protocol ID 57196). Trained members of
he field survey team received informed oral consent from all caregivers
f sample children. Caregivers were aware that their audio recording
ata would be collected and used for the purposes of this study. 

.2. Sample selection 

Data for the study were collected in a peri-urban district located in
outhwestern China. The district is considered part of the second tier
f the provincial capital municipality, which is less developed than the
entral first tier. 2 Unlike the 100% urbanization rates of the provincial
apital’s five first-tier districts, the urbanization rate of this peri-urban
istrict was 73% in 2020, with the majority of the district’s urban de-
elopment occurring between 2010 and 2020 ( Wang, 2020 ). Many resi-
ents in the district still have rural roots, such as the rural migrants who
elocated from rural regions (both within and outside of the province)
nd the urbanized farmers who held rural hukou (household registration
tatus) before the urbanization of the district ( Zhu, 2017 ). About a third
f the district’s population still has rural hukou status, including both
igrant and local residents ( Wang, 2020 ). 

Given this split in residency status of the population, there are also
ifferences in the SES characteristics (e.g., income and educational at-
ainment levels) of the groups. On average, the SES of residents tends
o be lower than that of residents in the central urban districts of the
rovincial capital. For example, compared to the RMB 49193 (USD
028) per capita income of residents in the capital’s central urban dis-
ricts in 2019, the average per capita disposable income for rural resi-
ents in the peri-urban district was considerably lower at RMB 30405
USD 4344) ( Wang, 2020 ). Moreover, unlike the sampled district, the
ve first-tier districts of the provincial capital are fully urbanized; nearly
ll their residents have urban hukou status ( District B Statistical Re-
ort, 2020; District C Statistical Report, 2020; District D Statistical
eport, 2020, District E Statistical Report, 2020; District F Statistical
2 In China, the tier system is a hierarchical classification of cities and districts. 
irst tiers tend to have greater levels of economic development, political influ- 
nce, and population size than second, third, and fourth tiers ( Bland & Hernán- 
ez, 2016 ). 
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Fig. 1. The flowchart of sample selection of families with children between 18- 
24 months. 
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eport, 2020 ). In other words, although the peri-urban district is a
apidly developing, urbanized region, a large share of the population
till has rural roots, as well as educational levels and incomes that
re lower than those of urban residents who live in other first-tier 
istricts. 

Within the district, we used a three-step sampling strategy to select
he study sample ( Figure 1 ). First, we narrowed our sampling frame by
andomly selecting two neighborhoods in the district. Next, with the
elp of the main public hospital in each neighborhood, we obtained
ists of children in the target age range for this study (18-24 months).
inally, using this list, we randomly screened families on the list via
hone calls to confirm whether they met the eligibility criteria to be
onsidered rural migrants or urbanized farmers as defined by the Chi-
ese government. A family was considered to be rural migrant: a.) if
he hukou of either parent was outside of the provincial capital munic-
pality and of rural status; and b.) if that parent had been living the
eri-urban district for at least 6 months ( National Working Committee
n Children and Women (NWCCW) et al., 2018 ). On the other hand,
 family was considered to be an urbanized farmer: a.) if the hukou of
ither parent was within the peri-urban district; b.) if all or part of the
amily’s farmland had been reclaimed by the local government; and c.)
f any remaining cultivated land that was contracted by the family was,
n average, fewer than 200 square meters of cultivated land per adult
 Hu, 2020 ). 

Based on these criteria, a total of 109 households were enrolled in
he survey. Within this group, 81 households agreed to participate in
ollection of home language environment data using LENA technology.
herefore, our final analytical sample included 81 households that par-
icipated in both the survey and the assessment of the home language
nvironment. To reduce bias and improve the robustness of results, we
onducted an analysis of sample attrition. Appendix Table A1 shows
hat there are no statistically significant differences between the demo-
raphic characteristics of households that participated in data collection
f the home language environment (81 households) and those that did
ot (28 households). 

.3. Data collection 

Data were collected in July 2020 by trained survey enumerators fol-
owing a standardized data collection protocol. For each family, the
hild’s primary caregiver was first identified as the individual most of-
en responsible for the child’s daily care (typically the child’s mother or
randmother). The primary caregiver was initially administered a quan-
itative survey (described below) that had two main blocks of data: mea-
ures of child language development and a set of demographic character-
stics of the child and family. After the survey was completed, the study
eam collected data on the home language environment using LENA au-
io technology. 
202 
.3.1. The home language environment: LENA 

Data on the home language environment were collected using LENA
udio recorders and software. LENA is a recording and analysis sys-
em that quantitatively measures a child’s home language environment
 Ford et al., 2008 ). In other words, LENA measures linguistic input in a
hild’s home environment. To perform the in-home measurement, each
hild’s caregiver was given a fully charged LENA recorder, a specialized
ENA shirt, and a LENA charger. A fully charged LENA recorder can
ecord 16 continuous hours of audio data capturing a family’s everyday
ome language environment. In our study, caregivers were instructed to
ecord two 16-hour days that were representative of their child’s typical
t-home experience. Following LENA validation protocols ( Zhang et al.,
015 ), the recorder was placed in the chest pocket of the specialized
hirt that the child wore throughout the day. Caregivers were instructed
o remove the LENA recorder and LENA-specialized shirt only when
heir child bathed or slept at night. Caregivers were also instructed to
harge the LENA recorder between the first and second days of record-
ng. After two full days of recording were completed, enumerators re-
rieved the LENA recorder and interviewed the caregiver to ensure com-
liance with the LENA recording protocol. According to post-recording
uestioning of the caregivers and analysis of the LENA recordings, all
1 participating families followed these protocols successfully. 

After LENA recordings were collected from the family, they were an-
lyzed using the LENA software to produce three standardized measures
f the home language environment: adult word count (AWC), conversa-
ional turn count (CTC), and child vocalization count (CVC). AWC mea-
ures the number of adult words spoken near the child, excluding words
rom electronic devices such as a television. CTC refers to the number of
onversational turns (alternation from one speaker to another) between
n adult and the child. Finally, CVC measures the number of pre-speech
r speech productions made by the child. All three measures of the home
anguage environment have been reliably used by previous studies in the
.S., China, and other countries ( Gilkerson et al., 2018 ; Canault et al.,
016 ; Pae et al., 2016 ; Zhang et al., 2015 ; Weisleder & Fernald, 2013 ).
n our sample, families spoke Standard Mandarin and/or the provincial
ialect of Mandarin. The provincial dialect comes from the Mandarin
ialect and shares the same syllable structure as Standard Mandarin,
aking it widely distinguishable and easily interpreted ( Zhang, 2007 ).
oreover, this provincial dialect of Mandarin is well-established as a
andarin-based dialect, and more than that, bears a very close linguis-

ic similarity to Mandarin ( Tang & van Heuven, 2009 ). 
Counts of the home language environment measures (AWC, CTC, and

VC) are reported as average counts across 12 hours of audio data. In our
ollection, we had households record 16 hours of audio data. The objec-
ive of restricting analysis to 12-hour segments was to improve compa-
ability across families and capture a time window containing the most
ousehold interaction. Thus, we instructed families not to start record-
ng until the child was awake, and not to stop recording until the child
ent to bed. To normalize 16 hours of recording into 12 hours of au-
io data, we applied Chebyshev polynomials transformation to normal-
ze the distribution ( Mason & Handscomb, 2002 ) and then used LASSO
egression models to select the final Chebyshev polynomials model to
ransform the data ( Neto, 2021 ). We then predicted residuals using the
nal Chebyshev polynomials model, estimating residualized count vari-
bles from the transformed data and rescaling residualized count vari-
bles back to the original count metric. Thus, outcomes (AWC, CTC, and
VC) were totals from first usable 12 hours of recordings. See the de-
ails of our LENA Data Management Protocol in Appendix File A1. This
pproach is consistent with previous studies that have used the LENA
ystem to study the quality of the language environment of children
 Cunha et al., 2020 ; Gilkerson et al., 2018 ). 

Past literature has proven the versatility and reliability of LENA
ecordings across diverse linguistic contexts including American En-
lish, Spanish, French, Korean, Dutch, and Vietnamese when compared
ith trained human transcribers ( Busch et al., 2018 ; ; Ganek & Eriks-
rophy, 2018 ; Gilkerson et al., 2018 ; Pae et al., 2016 ; Canault et al.,
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Table 1 

Descriptive Statistics of Child and Household Characteristics (N = 81) 

Variables Mean/N (SD/Percent) 

Child characteristics 

Age (months) 21.10 (1.60) 
Gender (1 = boy) 46 (56.79%) 
Prematurity (1 = yes) 8 (9.88%) 
Household characteristics 

Age of mother (years) 29.11 (4.69) 
Maternal education (1 = completed high school or above) 62 (76.54%) 
Mother has job (1 = yes) 51 (62.96%) 
Mother is primary caregiver (1 = yes) 46 (56.79%) 
Mother has urban hukou (1 = yes) 25 (30.86%) 
Father has urban hukou (1 = yes) 22 (27.16%) 
Paternal education (1 = completed high school or above) 64 (79.01%) 
Father lived at home during most of last year (1 = yes) 64 (79.01%) 
Number of adults in the household 3.05 (1.01) 
Asset index (PCA score) 0.00 (1.28) 
Urbanized farmer (1 = yes) 47 (58.02%) 

Note. Hukou refers to legal residency status as determined by the Chinese gov- 
ernment and can be either urban or rural; “PCA ” means principal component 
analysis; “SD ” means standard deviation. 
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016 ; Xu et al., 2009 ). LENA technology has also been used and val-
dated for Mandarin-speaking populations in China ( Ma et al., 2021 ,
023 ; Zhang et al., 2015 ). The reliability of LENA for use in Mandarin
hinese was tested in Gilkerson et al. (2015) , which found that cor-
elations across LENA and human annotations were strong for AWC
r = 0.73), but not for CTC (r = 0.22). 

.3.2. Child language development 

To measure child language development, we used the Mandarin ver-
ion of the MacArthur-Bates Communicative Development Inventories
MCDI) ( Hao et al., 2008 ). We utilized the parent-reported expressive
ocabulary assessment of the MCDI for children between 16 and 30
onths (our participating children were 18-24 months old). Using a list

f 113 words, enumerators asked the child’s primary caregiver whether
heir child could say each word in Mandarin or the provincial dialect;
ach word the child could say counted for one point. By comparing the
arent-reported results with empirically determined cutoff scores estab-
ished using the MCDI manual ( Tardif et al., 2008 ), the status of a child’s
xpressive language developmental progress (rate of delay) was deter-
ined. In contrast to LENA, the MCDI measures the outcomes of child

anguage development, and indicates the level of delay in expressive
ocabulary development. Rates of delay were established for each age
roup using group cutoff scores from Tardif et al. (2008) (any child
nder the 10th percentile of language development in their one-month
ge group was considered delayed) and then combined to produce a
ull sample cutoff for delay. The MCDI has been adapted to and val-
dated in Mandarin Chinese ( Tardif et al., 2008 ; Fenson et al., 2007 )
nd proven reliable in studying early language development in China
 Ma et al., 2021 ; Zhang et al., 2015 ). Specifically, three methods of reli-
bility were used to assess the reliability of the MCDI, including internal
onsistency (how likely each of the items on the scale are measuring the
ame ability), test-retest reliability (how likely one is to receive a similar
bility ranking when the same test is used at different times), and com-
arison statistics for a "fake" short form based on analyzing the same
ubset of items in the larger norming study sample ( Tardif, 2008 ). First,
nternal consistency was calculated by computing Cronbach’s alpha for
ach of the short form subscales, and Cronbach’s alpha was more than
.8, indicating that internal consistency was very good. Second, sim-
le bivariate correlations between the various sections of each of the
nstruments were high (0.67-0.90) for short forms. Third, simple bivari-
te correlations (0.80-0.92) in "fake" version of the short form which
ncluded the data from only the items that appeared on the final short
orm were highly consistent with the short form. 

.3.3. Demographic information 

The research team also collected information about the demographic
haracteristics of sample children and families. Child characteristics in-
luded the child’s age (reported in months), gender, and whether the
hild was born prematurely. Family characteristics consisted of both
he educational level and hukou status of each of the sample child’s par-
nts, the age of the mother, whether the mother was the primary care-
iver, whether the father lived at home for at least six months during
he previous 12 months prior to the survey, the number of adults in the
ousehold, a household asset index, and whether the family was legally
haracterized as urbanized farmers or rural migrants. We established a
ousehold asset index for participating families using polychoric prin-
ipal components analysis based on whether the family owned or had
ccess to running water, a flush toilet, a water heater, a washing ma-
hine, a computer, Internet, a refrigerator, an air conditioner, a motor-
ike/motorcycle, and a car/truck ( Kolenikov & Angeles, 2009 ). 

.4. Statistical analysis 

Our statistical analysis consists of four parts. First, to describe the
uality and the heterogeneity of the home language environment, we
raphically present the AWC, CTC, and CVC scores for the participating
203 
amilies in rank order. Second, we graphically present the distribution
f child MCDI scores to examine the nature of child language develop-
ent and prevalence of language delays. For both the LENA and MCDI
istributions, we describe the means, standard deviations, and ranges
f each of the key variables. Third, we analyze demographic charac-
eristics associated with more and less robust home language environ-
ents by conducting t-tests comparing the demographic characteristics

f children and households in the top and bottom terciles of AWC, CTC,
nd CVC. We also conduct Chi-squared tests to compare demographic
haracteristics (binary variables) between top terciles of AWC, CTC and
VC and bottom terciles of AWC, CTC and CVC to improve the robust-
ess of results. Additionally, we have conducted multivariate simple
inear regression analysis and multivariate multiple linear regression
nalysis to examine the potential relation between demographic char-
cteristics and the language environment to ensure that the results of
-tests and Chi-squared tests are robust ( Appendix Table A2 and A3 ).
inally, we conduct additional t-tests comparing the MCDI scores of
hildren in the top and bottom terciles of AWC, CTC, and CVC to an-
lyze the correlations between the home language environment and
hild language development. We used STATA 16.1 to perform all sta-
istical analyses. P-values at or below 0.05 are considered statistically 
ignificant. 

. Results 

.1. Descriptive statistics of children and families 

Table 1 presents the descriptive statistics of the 81 sample children
nd their families. The average age of all the children in the study was
1 months old. More than half (57%) of children in the study were male,
nd 10% were born prematurely. For mothers in the study, their average
ge was 29 years, and about 77% of mothers had completed high school
r above. In 57% of the families, the mother was the child’s primary
aregiver. Almost two-thirds (63%) of the sample mothers had a job
t the time of the survey. Approximately 69% of mothers and 73% of
athers had rural hukou (legal residency status). About 79% of fathers
ad completed high school, and in 79% of families the father had lived
t home for at least six months of the past year. The average number
f adults living in each household was three. Finally, urbanized farmers
ccounted for 58% of the sample, and rural migrants accounted for the
emaining 42%. 
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Fig. 2. The distribution of Adult Word Count (AWC) (N = 81). Source: authors’ 
survey. Note: "SD" means standard deviation. 

Fig. 3. The distribution of Conversational Turn Count (CTC) (N = 81). Source: 
authors’ survey. Note: "SD" means standard deviation. 

Fig. 4. The distribution of Child Vocalization Count (CVC) (N = 81). Source: 
authors’ survey. Note: "SD" means standard deviation. 
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Fig. 5. The distribution of MacArthur-Bates Communicative Development In- 
ventories (MCDI) scores (N = 81). 
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.2. The home language environment 

Figures 2 , 3 , and 4 show the distributions of the three measures
mong the sample families of the home language environment —AWC,
TC, and CVC, respectively. As reported in Figure 2 , the mean AWC
f the sample was 12354 words (SD = 5522), and the difference in
cores between the highest-ranking (AWC = 29118) and lowest-ranking
AWC = 3515) participants was 8.3-fold. For CTC, shown in Figure 3 ,
he mean score was 482 (SD = 262) with a 9.9-fold difference between
he highest score (CTC = 1397) and the lowest score (CTC = 141). Fi-
ally, Figure 4 shows that the mean score for CVC was 1734 (SD = 749),
nd the difference in CVC between the highest (CVC = 4945) and lowest
CVC = 431) scores was 11.5-fold. 

.3. Child language development 

Figure 5 shows the distribution of MCDI scores among the children
n the sample. The mean MCDI score was 37, with a standard deviation
f 27. About 25% of children were below the CDI cutoff for proficient
anguage development ( Tardif et al., 2008 ). The results also show a large
204 
ariation in MCDI scores among the sample children, with a 6.8-fold (p
 0.001) difference between the first-quartile (MCDI = 10) and third-
uartile (MCDI = 68) participants. 

.4. What is associated with variation in the home language environment? 

Tables 2 , 3 , and 4 present the results of our descriptive t-tests and
hi-squared tests comparing demographic characteristics of sample fam-

lies in the top and bottom terciles of AWC, CTC, and CVC, respectively.
able 2 compares households in the top and bottom terciles of AWC.
he results show that whether the mother had a job was significantly
ssociated with higher AWC. Children of mothers who had jobs were sig-
ificantly more likely to have AWC scores in the top tercile than those
hose mothers did not have jobs (p < 0.05); specifically, 78% of mothers
ith jobs were in the top tercile of AWC. In other words, mothers who
ere employed at the time of the survey were more likely to produce
 greater number of adult words than mothers who were unemployed.
ompared to employed mothers in the bottom tercile of AWC, there
ere 30% more employed mothers in the top tercile. 

The results of our descriptive t-test and Chi-squared tests comparing
he demographic characteristics of families in the top and bottom ter-
iles of CTC are shown in Table 3 . Child’s gender and household asset
ndex showed large and significant variation among CTC scores. For ex-
mple, male children made up 70% of the scores in the bottom tercile
nd 30% of scores in the top tercile of CTC. In other words, female chil-
ren were more likely to be in the top tercile of CTC than their male
ounterparts (p < 0.01). Similarly, the difference in the asset index was
arge and significant (p < 0.01) among CTC scores, as children in the top
ercile of CTC had higher levels of household asset values than those in
he bottom tercile. 

Table 4 compares the characteristics of sample families in the top and
ottom terciles of CVC. Similar to the results from CTC in Table 3 , the
ifferences in gender and household asset level were large and signifi-
ant between the top and bottom terciles of CTC scores. Female children
nd children from families with higher asset index scores were signif-
cantly more likely to be in the top tercile of CVC (p < 0.01 and p <
.05, respectively). Furthermore, difference in age was large and signif-
cant between the top and bottom terciles of CVC scores (p < 0.01). The
verage age of children in the top tercile was 21.7 months, while the
verage age of children in the bottom tercile was 20.5 months. 

Appendix Table A2 illustrates correlations between household char-
cteristics and the home language environment based on a simple linear
egression model. Results show that child’s age was statistically signif-
cantly correlated with CTC and CVC (p < 0.05 and p < 0.01, respec-
ively). The table also shows that child’s gender was statistically signifi-
antly correlated with CTC and CVC (p < 0.01). Additionally, we found a
ositive and significant association between maternal employment and
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Table 2 

Differences in Demographic Characteristics Between Top and Bottom Terciles ( ⅓ ) of Adult Word Count (AWC) 

Variables Bottom ⅓ of AWC Top ⅓ of AWC T-test Chi-square test 
Pearson chi-square P-value 

(1) (2) (3) = (2) – (1) (4) (5) 

Child characteristics 

Age (months) 21.121 21.235 0.114 
(1.542) (1.475) [0.439] 

Gender (1 = boy) 19 12 3.711 0.054 
(70.370%) (44.444%) 

Prematurity (1 = yes) 3 4 0.164 0.685 
(11.111%) (14.815%) 

Household characteristics 

Age of mother (years) 28.667 29.037 0.370 
(4.261) (5.110) [1.287] 

Maternal education (1 = completed high school or above) 22 20 0.429 0.513 
(81.481%) (74.074%) 

Mother has a job (1 = yes) 13 21 5.082 0.024 
(48.148%) (77.778%) 

Mother is primary caregiver (1 = yes) 16 12 1.187 0.276 
(59.259%) (44.444%) 

Mother has urban hukou (1 = yes) 6 9 0.831 0.362 
(22.222%) (33.333%) 

Father has urban hukou (1 = yes) 7 6 0.101 0.750 
(25.926%) (22.222%) 

Paternal education (1 = completed high school or above) 22 20 0.429 0.513 
(81.481%) (74.074%) 

Father lived at home for at least 6 months in the past 12 months (1 = yes) 20 23 1.028 0.311 
(74.074%) (85.185%) 

Number of adults in the household 2.778 3.074 0.296 
(1.050) (0.874) [0.272] 

Asset index (PCA score) -0.432 0.111 0.543 
(1.888) (0.869) [0.341] 

Urbanized farmers (1 = yes) 12 16 1.187 0.276 
(44.444%) (59.259%) 

Note. Data source is author’s survey. Standard deviations/percent in parentheses, standard errors in brackets; “PCA ” means principal component analysis. 
∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 

Table 3 

Differences in Demographic Characteristics Between Top and Bottom Terciles ( ⅓ ) of Conversational Turn Count (CTC) 

Variables Bottom ⅓ of CTC Top ⅓ of CTC T-test Chi-square test 
Pearson chi-square P-value 

(1) (2) (3) = (2) – (1) (4) (5) 

Child characteristics 

Age (months) 20.759 21.579 0.820 ∗ 

(1.511) (1.522) [0.429] 
Gender (1 = boy) 19 8 8.963 0.003 

(70.370%) (29.63%) 
Prematurity (1 = yes) 1 4 1.984 0.159 

(3.704%) (14.815%) 
Household characteristics 

Age of mother (years) 29.148 29.296 0.148 
(4.538) (4.697) [1.291] 

Maternal education (1 = completed high school or above) 20 22 0.429 0.513 
(74.074%) (81.481%) 

Mother has a job (1 = yes) 15 20 2.030 0.154 
(55.556%) (74.074%) 

Mother is primary caregiver (1 = yes) 14 13 0.074 0.785 
(51.852%) (48.148%) 

Mother has urban hukou (1 = yes) 6 10 1.421 0.233 
(22.222%) (37.037%) 

Father has urban hukou (1 = yes) 10 8 0.333 0.564 
(37.037%) (29.630%) 

Paternal education (1 = completed high school or above) 21 23 0.491 0.484 
(77.778%) (85.185%) 

Father lived at home for at least 6 months in the past 12 months (1 = yes) 23 25 0.750 0.386 
(85.185%) (92.593%) 

Number of adults in the household 3.074 3.444 0.370 
(1.035) (0.892) [0.263] 

Asset index (PCA score) -0.486 0.455 0.941 ∗ ∗ ∗ 

(1.886) (0.384) [0.336] 
Urbanized farmers (1 = yes) 15 18 0.701 0.402 

(55.556%) (66.667%) 

Note. Data source is author’s survey. Standard deviations/percent in parentheses, standard errors in brackets; “PCA ” means principal component analysis. 
∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 
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Table 4 

Differences in Demographic Characteristics Between Top and Bottom Terciles ( ⅓ ) of Child Vocalization Count (CVC) 

Variables Bottom ⅓ of CVC Top ⅓ of CVC T-test Chi-square test 
Pearson chi-square P-value 

(1) (2) (3) = (2) - (1) (4) (5) 

Child characteristics 

Age (months) 20.532 21.741 1.209 ∗ ∗ ∗ 

(1.495) (1.433) [0.418] 
Gender (1 = boy) 21 6 16.667 0.000 

(77.778%) (22.222%) 
Prematurity (1 = yes) 1 4 1.984 0.159 

(3.704%) (14.815%) 
Household characteristics 

Age of mother (years) 29.556 28.370 -1.185 
(5.056) (3.127) [1.283] 

Maternal education (1 = completed high school or above) 19 23 1.714 0.190 
(70.370%) (85.185%) 

Mother has a job (1 = yes) 16 18 0.318 0.573 
(59.259%) (66.667%) 

Mother is primary caregiver (1 = yes) 16 15 0.076 0.783 
(59.259%) (55.556%) 

Mother has urban hukou (1 = yes) 6 11 2.146 0.143 
(22.222%) (40.741%) 

Father has urban hukou (1 = yes) 8 8 0.000 1.000 
(29.630%) (29.630%) 

Paternal education (1 = completed high school or above) 20 23 1.028 0.311 
(74.074%) (85.185%) 

Father lived at home for at least 6 months in the past 12 months (1 = yes) 23 25 0.750 0.386 
(85.185%) (92.593%) 

Number of adults in the household 3.000 3.333 0.333 
(1.038) (0.961) [0.272] 

Asset index (PCA score) -0.312 0.470 0.782 ∗ ∗ 

(1.734) (0.368) [0.340] 
Urbanized farmers (1 = yes) 15 17 0.307 0.580 

(55.556%) (62.963%) 

Note. Data source is author’s survey. Standard deviations/percent in parentheses, standard errors in brackets; “PCA ” means principal component analysis. 
∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 

Appendix Table A1 

Differences in Demographic Characteristics Between LENA Consent and Reject Households 

Variables Participated in LENA recording Did not participate in LENA recording Difference 
(1) (2) (3) = (2) - (1) 

Child characteristics 

Age (months) 21.103 21.304 0.200 
(1.596) (1.420) [0.341] 

Gender (1 = boy) 46 13 -0.104 
(56.790%) (46.429%) [0.110] 

Prematurity (1 = yes) 8 2 -0.027 
(9.877%) (7.143%) [0.064] 

Household characteristics 

Age of mother (years) 29.111 29.893 0.782 
(4.685) (3.871) [0.985] 

Maternal education (1 = completed high school or above) 62 23 0.056 
(76.543%) (82.143%) [0.092] 

Mother has a job (1 = yes) 51 17 -0.022 
(62.963%) (60.714%) [0.107] 

Mother is primary caregiver (1 = yes) 46 18 0.075 
(56.790%) (64.286%) [0.109] 

Mother has urban hukou (1 = yes) 25 6 -0.094 
(30.864%) (21.429%) [0.099] 

Father has urban hukou (1 = yes) 22 8 0.014 
(27.160%) (28.571%) [0.099] 

Paternal education (1 = completed high school or above) 64 23 0.031 
(79.012%) (82.143%) [0.089] 

Father lived at home for at least 6 months in the past 12 months (1 = yes) 64 21 -0.040 
(79.012%) (75.000%) [0.092] 

Number of adults in the household 3.049 2.821 -0.228 
(1.011) (0.723) [0.208] 

Asset index (PCA score) 0.014 -0.040 -0.053 
(1.236) (1.524) [0.288] 

Urbanized farmers (1 = yes) 47 11 -0.187 ∗ 

(58.025%) (39.286%) [0.109] 

Note. Data source is author’s survey. hukou refers to legal residency status as determined by the Chinese government and can be either urban or rural; “PCA ”
means principal component analysis; standard deviations/percent in parentheses, standard errors in brackets. 
∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 
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Appendix Table A2 

Associations Between Home Language Environment Measurements and Demographic Characteristics (Simple Lin- 
ear Regression Model) 

Variables AWC CTC CVC 
(1) (2) (3) 

Child characteristics 

Age (months) 178.604 36.529 ∗ ∗ 142.032 ∗ ∗ ∗ 

[388.710] [17.994] [50.313] 
Gender (1 = boy) -1,988.58 -162.892 ∗ ∗ ∗ -543.933 ∗ ∗ ∗ 

[1226.231] [56.197] [157.591] 
Prematurity (1 = yes) 729.328 14.644 61.009 

[2067.990] [98.130] [280.613] 
Household characteristics 

Age of mother (years) 119.356 1.456 -11.674 
[131.933] [6.287] [17.938] 

Maternal education (1 = completed high school or above) -661.111 91.408 359.693 ∗ 

[1455.316] [68.334] [193.451] 
Mother has a job (1 = yes) 2,572.966 ∗ ∗ 112.267 ∗ 194.55 

[1245.447] [59.305] [172.033] 
Mother is primary caregiver (1 = yes) -2,413.389 ∗ -93.582 -113.049 

[1216.541] [58.164] [168.577] 
Mother has urban hukou (1 = yes) 1,310.73 81.501 112.543 

[1328.536] [62.721] [180.850] 
Father has urban hukou (1 = yes) -320.052 -19.873 -8.861 

[1387.755] [65.793] [188.278] 
Paternal education (1 = completed high school or above) -0.111 92.041 286.767 

[1516.289] [71.155] [203.104] 
Father lived at home for at least 6 months in the past 12 months (1 = yes) 94.683 1.137 120.379 

[1516.251] [71.904] [205.204] 
Number of adults in the household 750.176 51.634 ∗ 114.614 

[608.603] [28.552] [82.329] 
Asset index (PCA score) 630.527 49.838 ∗ ∗ 128.648 ∗ ∗ 

[480.557] [22.343] [64.273] 
Urbanized farmers (1 = yes) 1,139.60 47.835 0.248 

[1244.559] [59.086] [169.690] 
Observations 81 81 81 

Note. “AWC ” means adult word count; “CTC ” means conversational turns count; “CVC ” means child vocalization 
count; hukou refers to legal residency status as determined by the Chinese government and can be either urban or 
rural; “PCA ” means principal component analysis; standard errors in brackets. 
∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 
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Fig. 6. Difference in MacArthur-Bates Communicative Development Invento- 
ries (MCDI) scores between top and bottom terciles of Adult Word Count (AWC) 
(p = 0.003). 

a  

(  

h  

t  

A  

c  

o  

p  
WC (p < 0.05), as well as an association between family asset and
TC, CVC (p < 0.05, both). Appendix Table A3 illustrates correlations
etween household characteristics and the home language environment
ased on a multiple linear regression model. Results show that child’s
ge was not statistically significantly correlated with AWC or CTC but
as statistically significantly correlated with CVC at p < 0.05. The ta-
le also shows that child gender was statistically significantly correlated
ith CTC and CVC at p < 0.05 and p < 0.01, respectively. Additionally,
e also found positive associations between maternal job status and

amily asset index with the home language environment, but they were
ll statistically insignificant. 

.5. The home language environment and early language development 

Figures 6 , 7 , and 8 show the results of the t -tests comparing child lan-
uage development between the top and bottom terciles of AWC, CTC,
nd CVC, respectively. Children in the top tercile of AWC had signifi-
antly higher MCDI scores than children in the bottom tercile of AWC
 Figure 6 ). Specifically, children in the top tercile of AWC had an aver-
ge MCDI score of 51.4, whereas children in the bottom tercile of AWC
ad an average score of 27.4, representing a difference of 24 (p = 0.001).
igure 7 shows the difference in MCDI scores between top and bottom
erciles of CTC. The difference was 29.6, as children in the top tercile of
TC had an average MCDI score of 58.2 and those in the bottom tercile
f CTC had an average MCDI score of 28.6. Finally, for CVC ( Figure 8 ),
he participants in the top tercile had an average MCDI score of 57.8,
ompared to an average MCDI score of 22.6 of participants in the bot-
om tercile; thus, the difference between top-tercile and bottom-tercile
CDI scores is 35.2. In other words, the differences between the top
207 
nd bottom terciles for all three measures were statistically significant
p = 0.003 for AWC, and p < 0.001 for both CTC and CVC). Furthermore,
olding control variables constant, we found a strong association be-
ween all three measures of the home language environment and MCDI.
ppendix Table A4 illustrates that AWC and CTC were both statisti-
ally significantly and positively associated with child language devel-
pment outcomes at p < 0.01, and CVC was statistically significant and
ositively associated with child language outcomes at p < 0.05. Over-
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Appendix Table A3 

Associations Between Home Language Environment Measurements and Demographic Characteristics (Multiple 
Linear Regression Model) 

Variables AWC CTC CVC 
(1) (2) (3) 

Child characteristics 

Age (months) -10.356 25.717 119.982 ∗ ∗ 

[404.114] [17.996] [51.505] 
Gender (1 = boy) -2,557.852 ∗ -162.463 ∗ ∗ -491.224 ∗ ∗ ∗ 

[1,379.040] [61.412] [175.762] 
Prematurity (1 = yes) -818.512 -6.042 129.522 

[2,325.239] [103.548] [296.357] 
Household characteristics 

Age of mother (years) 194.102 6.270 2.749 
[152.369] [6.785] [19.420] 

Maternal education (1 = completed high school or above) -675.410 81.658 337.829 
[1,916.529] [85.347] [244.266] 

Mother has a job (1 = yes) 1,326.358 71.884 208.589 
[1,543.574] [68.739] [196.732] 

Mother is primary caregiver (1 = yes) -2,305.563 -72.454 -22.650 
[1,549.828] [69.017] [197.529] 

Mother has urban hukou (1 = yes) 1,321.222 40.007 -31.140 
[1,776.566] [79.115] [226.427] 

Father has urban hukou (1 = yes) -2,603.255 -104.701 -26.164 
[1,734.245] [77.230] [221.033] 

Paternal education (1 = completed high school or above) -1,105.230 -44.781 -116.532 
[2,042.131] [90.941] [260.274] 

Father lived at home for at least 6 months in the past 12 months (1 = yes) 721.554 -34.592 -90.407 
[1,766.438] [78.664] [225.136] 

Number of adults in the household -6.132 23.375 54.360 
[720.224] [32.073] [91.794] 

Asset index (PCA score) 643.349 34.024 66.977 
[550.298] [24.506] [70.137] 

Urbanized farmers (1 = yes) 978.578 34.725 -45.751 
[1,518.455] [67.620] [193.530] 

Observations 81 81 81 
R-squared 0.179 0.276 0.275 

Note. “AWC ” means adult word count; “CTC ” means conversational turns count; “CVC ” means child vocalization 
count; hukou refers to legal residency status as determined by the Chinese government and can be either urban 
or rural; “PCA ” means principal component analysis; standard errors in brackets. 
∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 

Fig. 7. Difference in MacArthur-Bates Communicative Development Invento- 
ries scores between top and bottom terciles of Conversational Turn Count (CTC) 
(p < 0.001). 
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Fig. 8. Difference in MacArthur-Bates Communicative Development Invento- 
ries (MCDI) scores between top and bottom terciles of Child Vocalization Count 
(CVC) (p < 0.001). 
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ll, these findings show that the home language environment and child
anguage development have a strong positive association. 

. Discussion 

Findings from an expansive literature underscore the importance of
hildren’s early cognitive, socioemotional, and linguistic development
208 
or later-life success ( Romeo et al., 2018 ; Heckman & Mosso, 2014 ;
onger et al., 2010 ; Cunha et al., 2010 ). In particular, delays in speech
nd language skills, if left untreated, have a high potential of persisting
n a large percentage of affected children, impacting future outcomes
n educational attainment and employment ( Law et al., 1998 ). Because
ow-resourced children living in LMIC settings already face an especially
igh risk of developmental delay in the absence of interventions, and
iven the scarcity of research on early language development outside of



T. Feng, X. Zhang, L. Zhou et al. Early Childhood Research Quarterly 64 (2023) 199–215 

Appendix Table A4 

Correlations between home language environment measurements, demographic characteristics, and child lan- 
guage development (holding control variables constant) 

Variables MCDI 
(1) (2) (3) 

Home language environment measurements 

AWC (Adult Word Count) 0.002 ∗ ∗ ∗ 

[0.000] 
CTC (Conversational Turn Count) 0.043 ∗ ∗ ∗ 

[0.011] 
CVC (Child Vocalization Count) 0.008 ∗ ∗ 

[0.004] 
Child characteristics 

Age (months) 5.747 ∗ ∗ ∗ 4.619 ∗ ∗ ∗ 4.752 ∗ ∗ ∗ 

[1.569] [1.564] [1.743] 
Gender (1 = boy) -19.740 ∗ ∗ ∗ -17.278 ∗ ∗ ∗ -20.286 ∗ ∗ ∗ 

[5.492] [5.529] [6.046] 
Prematurity (1 = yes) -4.026 -5.220 -6.535 

[9.037] [8.865] [9.654] 
Household characteristics 

Age of mother (years) -0.493 -0.418 -0.170 
[0.599] [0.585] [0.632] 

Maternal education (1 = completed high school or above) 6.619 1.897 2.669 
[7.448] [7.357] [8.060] 

Mother has a job (1 = yes) -0.906 -1.649 -0.247 
[6.027] [5.933] [6.454] 

Mother is primary caregiver (1 = yes) 2.024 1.052 -1.889 
[6.118] [5.958] [6.426] 

Mother has urban hukou (1 = yes) -2.124 -1.502 0.477 
[6.927] [6.786] [7.366] 

Father has urban hukou (1 = yes) 11.152 11.042 6.739 
[6.848] [6.703] [7.191] 

Paternal education (1 = completed high school or above) 5.568 5.536 4.553 
[7.947] [7.800] [8.479] 

Father lived at home for at least 6 months in the past 12 months (1 = yes) -2.853 -0.079 -0.835 
[6.867] [6.744] [7.332] 

Number of adults in the household 0.486 -0.533 0.032 
[2.796] [2.757] [2.994] 

Asset index (PCA score) -0.492 -0.816 0.106 
[2.159] [2.128] [2.297] 

Urbanized farmers (1 = yes) -6.050 -5.808 -3.938 
[5.914] [5.801] [6.298] 

Observations 81 81 81 
R-squared 0.503 0.520 0.433 

Notes. MCDI = MacArthur-Bates Communicative Development Inventories; MCDI is a measure of child language 
development; hukou refers to legal residency status as determined by the Chinese government and can be either 
urban or rural. Standard errors in brackets; ∗ ∗ ∗ p < 0.01, ∗ ∗ p < 0.05, ∗ p < 0.1 
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estern or high-income contexts, investigating the quality of the home
anguage environment for an underrepresented population was the aim
f the current study ( Black et al., 2017 ; Knudsen et al., 2006 ). 

This observational study of 81 children aged 18-24 months from ru-
al migrant and urbanized farmer families in China reveals the first-ever
ndings on variations in the home language environment and early child

anguage development of low-SES, peri-urban families in a non-Western,
eveloping setting. Overall, we find that the home language environ-
ent of our study’s peri-urban sample had less linguistic interaction

etween adults and children than the home language environment of
amilies living in both poor, rural China and in more highly resourced,
rban China. In addition, sample families had large and substantial vari-
tion across all measures of the home language environment (i.e., some
amilies provided a relatively engaging home language environment,
hile some families did not), despite having similarly disadvantaged
emographic characteristics. Finally, our results show a strong positive
ssociation between home language environment measures and child
anguage skills. 

.1. Variations in the home language environment of peri-urban families 

The results of the study demonstrate that, despite having relatively
imilar demographic characteristics, such as low levels of parental edu-
209 
ational attainment and living in disadvantaged, low-income neighbor-
oods, there was substantial variation across all measures of the home
anguage environment among peri-urban families. Between the highest
nd lowest ranking child for each home language environment measure,
he sample had a 8.3-fold difference in the number of adult words spo-
en, a 9.9-fold difference in the number of adult-child conversations
ad, and a 11.5-fold difference in the number of child vocalizations
ade. We note that the substantial variation found in this study is con-

istent with the findings of other studies examining the home language
nvironment of low-SES communities ( Ma et al., 2021 ; Weisleder & Fer-
ald, 2013 ; Hurtado et al., 2008 ; Pan et al., 2005 ); however, this study’s
ariations were greater than those found in low-SES samples from ru-
al communities in China. For example, variation in the home language
nvironments of rural Shaanxi households in Ma et al. (2021) was 5-
old between the highest and lowest ranking child in both AWC and
VC measures, and 6.6-fold in the CTC measure —all smaller than the
ifferences identified in our results. Yet the findings of Weisleder & Fer-
ald (2013) , a study that analyzed the home language environments of
9 low-SES Spanish-learning children in the U.S., had a 15-fold differ-
nce between the highest and lowest ranking child in terms of AWC —a
ariation somewhat greater than that of this study sample. In other
ords, substantially heterogeneous home language environment results
ithin similarly disadvantaged, low-SES group are seemingly common
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cross diverse linguistic, cultural, and geographic contexts. A potential
eason for this may be found in Heath (1983) , which suggests that be-
ause caregivers from different socio-cultural groups hold different be-
iefs about their roles in child language development, their children’s
ome language environments may have marked differences outside of
ES-level differences. 

Evidence from this study also indicates that the quality of the home
anguage environment of peri-urban families was even lower than that
f families in underdeveloped, low-SES rural China. In a sample of 38
hildren aged 20-27 months from rural Shaanxi Province in northwest-
rn China, Ma et al. (2021) reported that the sample children heard,
n average, 13428 adult words, engaged in 559 conversational turns,
nd generated 2140 vocalizations throughout 12-hour recordings. In
omparison, this sample’s peri-urban families showed weaker results:
n average, sample children heard 12354 adult words, engaged in 482
onversational turns, and produced 1734 vocalizations during the same
ime duration. Based on this comparison, we believe that the home lan-
uage environments of rural migrant and urbanized farmer families are
ubstantially less linguistically engaging (fewer adult words spoken and
ewer adult-child conversations had) than those of families from nation-
lly designated poverty counties of rural China. 

One potential reason explaining this rather surprising finding may
e that, despite living in more urban environments, rural migrants and
rbanized farmers face unique challenges in their living conditions that
ay directly and indirectly influence the way they interact with their

hildren, challenges that caregivers from rural areas may not typically
ncounter. For example, rural migrants in China may face social ex-
lusion after moving from rural to urbanized regions; struggle with se-
uring permanent residency status; experience family separation; and
uffer more from mental health issues and limited access to health
are ( Chen et al., 2016 ; Zhan, 2011 ; Hesketh et al., 2008 ; Wong &
ong, 2008 ). Indeed, given the institutional barriers to urban social wel-
are benefits in China, the marginalization of rural migrants typically
asts for extended periods of time and has been found to contribute to
idening urban income inequality ( Chen et al., 2016 ). Urbanized farm-

rs may also suffer from more severe health problems and lack access
o adequate health care, both of which have been shown to negatively
ffect mental health and social stability ( Wang et al., 2019 )(). Thus,
hile peri-urban regions potentially offer more work opportunities and

conomic mobility, rural caregivers who move to such areas may be
reoccupied by a variety of external challenges that risk reducing their
nvestment in the home language environment of their children. 

Furthermore, this study found overall low levels of language de-
elopment (on average) alongside high levels of variation in language
evelopment (measured by MCDI) among children in peri-urban fami-
ies. Approximately 25% of this study’s sample children were below the
CDI cutoff for proficient language development ( Tardif et al., 2008 ).
hile this number may seem low in comparison to other studies finding

ates of language delay in rural China as high as 46% ( Emmers et al.,
020 ), the sample had high heterogeneity, with a 6.8-fold difference
etween participants scoring in the first and third quartiles: On aver-
ge, the first quartile participant had a MCDI score of 10, while the
hird quartile participant had a score of 68. As stated before, our ob-
erved variation is also substantially larger than the variation seen in
he poor rural China sample from Ma et al. (2021) , which reported an
pproximately 2-fold difference between the first (MCDI = 28) and third
uartiles (MCDI = 55). Thus, this is further evidence for the surprising
eterogeneity of children’s early language development within a rela-
ively demographically homogenous disadvantaged population. An im-
lication of this finding is that there exists considerable variability in
aregiver language engagement with their children outside of factors
elated to socioeconomic class. Although not assessed in the current
tudy, examples of potential factors could be caregiver beliefs or care-
iver emotional well-being ( Conger et al., 1984 ). Nevertheless, low-SES
roups, especially those living in peri-urban China, remain at a height-
G  

210 
ned risk of language development delays that can negatively influence
hildren’s long-term educational and life outcomes. 

.2. Influence of maternal employment on language development in 

eri-urban families 

Our findings also indicate that certain demographic characteristics
re associated with more interactive home language environments. In
ther words, specific child and family characteristics encourage more
dult speech, adult-child conversations, and child vocalizations; identi-
ying these characteristics may thus help researchers to take steps to-
ard improving individual home language environments for peri-urban
opulations. 

Our results show that a child whose mother had a job was more likely
o hear more adult speech (higher AWC) than a child whose mother
as unemployed. Although the number of adult-child conversations was
ot significantly correlated to maternal job status (only adult words),
here was a substantial difference between the upper and bottom terciles
f CTC (74% of employed mothers vs. 56%). This finding is somewhat
nique to our sample, as past research in Western and high-SES samples
as not focused specifically on maternal employment or found much
vidence of its significance. 

One plausible reason for our study findings linking maternal employ-
ent and language outcomes is that employed mothers may have higher

evels of educational attainment than those who are unemployed; since
 mother’s education tends to be positively associated with stronger
arenting practices ( Yue et al., 2017 ), employed and more-educated
others may speak to and interact more often with their children.
oddington et al. (2014) also identified positive correlations between
aternal education and child vocabulary outcomes. Reinforcing the link

etween maternal employment and maternal education level, we note
hat we find significant associations between maternal employment and
aternal educational attainment (college level and above) for our sam-
le at the 10% significance level. 

Another possible reason behind the significant association between
aternal employment and AWC may be that employed mothers are
ore likely to speak more with other adults in the home environment.
iven that AWC measures the sheer volume of words spoken in range of

he child wearing the LENA recorder, mothers who are employed may
ave more news to share with other members of the household after a
ay of work. Given that employment can lead to larger social circles,
reater social engagement, and more social support among female care-
ivers ( Shen et al., 2022 ; Drummond et al., 2017 ), work activity outside
f the household could be leading to a greater quantity of language input
or children in the home environment. 

.3. Influence of gender on language development in peri-urban families 

Our findings also suggest significant early language differences be-
ween boys and girls in relation to their home language environments.
ne potential reason for this may be that female children are more likely

o be exposed to a more linguistically diverse home language environ-
ent than male children. In our study, female sample children on aver-

ge heard more speech from adults, had more conversations with adults,
nd made more vocalizations than their male peers. Although some re-
earch identified insignificant differences between boys and girls in their
arly language experiences ( Eriksson & Berglund, 1999 ), our finding is
onsistent with the trend in the international literature suggesting that
oung girls and boys display significant differences in their early lan-
uage development and in their home language experiences. In a re-
iew of over 82,000 administrations of the MCDI, results showed that
irls aged 18–30 months produced significantly more words than did
oys in 25 out of 29 languages ( Frank et al., 2021 ). Results from West-
rn samples also suggest that language milestones, such as a child’s first
ord, may appear earlier in girls than in boys ( Bornstein et al., 2004 ;
alsworthy et al., 2000 ; Maccoby and Jacklin, 1978 ). In addition, young
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irls tend to produce more words and longer sentences, be more verbal,
nd demonstrate more facility with grammatical rules in comparison to
oys of the same age ( Simonsen et al., 2014 ; Eriksson et al., 2012 ). 

On the one hand, biological differences may be an underlying fac-
or in the differences between boys’ and girls’ early language use
 Bornstein et al., 2004 ; Galsworthy et al., 2000 ). On the other hand,
any studies suggest that the home language environments of boys

nd girls simply look different, with evidence suggesting that care-
ivers —specifically maternal caregivers, who have been documented to
peak more to female children versus male children at birth —converse
ith girl children more often than they do with boy children, and

ngage in more symbolic and linguistically structured play with girls
 Bleses et al., 2018 ; Johnson et al., 2014 ; Leaper et al., 1998 ). Com-
ounding that, caregivers often perceive girls to be more mature than
oys, even at a young age, creating feedback loops for engaging in more
onversations with girls ( Bornstein et al., 2004 ; Lovas, 2011 ). We note,
owever, that studies such as Huttenlocher et al. (1991) present con-
icting findings, detecting no significant difference in the number of
ords spoken by maternal caregivers to girl children compared to boy

hildren; thus, they attributed gender differences in early language ac-
uisition to early capacity differences. 

As a potential additional reason for this study’s finding on gender
ifferences, we consider China’s history of son-preference. In traditional
hinese culture, girls were mainly prescribed to housekeeping and child-
are gender roles, while economic and social mobility and responsibility
as placed on boys; this influenced how the genders were socialized.
owever, as China’s urbanization increased and more families began

iving in urban areas, the culture changed. After the introduction of the
ne-child policy, urban China in the 1990s saw a major shift in culture
urrounding child preference, as girls in cities received more parental
nvestment in their education, which was associated with greater eco-
omic and social value placed on daughters. In other words, the playing
eld leveled between sons and daughters to some degree. Given our
ample’s placement in peri-urban areas, perhaps the influence of urban
hinese culture and transforming gender roles has exerted some influ-
nce on how caregivers perceive and linguistically engage with daugh-
ers, partially explaining why the girl children in our sample appear to
ear more adult words, have more adult-child conversations, and speak
ore than boys. Coupled with biological factors that influence earlier

peech in girls than boys, we believe that changes in traditional gender
ole perception may have spurred on more engaging home language en-
ironments for young girls in peri-urban China to a certain degree. 

.4. Influence of SES on language development in peri-urban families 

Confirming past research from both high- and low-SES samples,
s well as Western and non-Western samples, our data suggest that
he home language environment is significantly associated with the
esources available to families —that is, a family’s asset index. Over-
ll, our finding suggests that low-resourced families have lower qual-
ty home language environments, leaving children from such house-
olds at the greatest risk of less linguistic stimulation and worse ECD
utcomes. Based on our findings, compared to the amount of adult
peech, the number of adult-child conversations and the number of child
ocalizations may be more directly connected to a family’s socioeco-
omic resources. Within our sample, children who came from families
ith higher asset index scores (meaning households that had access to
ore household items such as running water, internet access, personal

ransportation vehicles, etc.) had more conversations with adults and
ade more vocalizations. We find no statistically significant associa-

ions between the number of adult words and household resources. In
he literature on the home language environment, it is widely accepted
hat children from lower-SES backgrounds hear fewer adult words and
ess complex language than their higher-SES peers ( Rowe, 2008 ; Hart
 Risley, 1995 ). In fact, compared to an even younger sample (5-30
onths) from high-SES families in urban China, we find that children
211 
rom our low-SES peri-urban sample only hear about half as many adult
ords as their higher-SES peers, and have only half as many conversa-

ions with adults ( Zhang et al., 2015 ). When comparing caregiver-child
erbal interactions between mothers from different SES backgrounds,
off (2003) found that mothers from higher-SES families produced more

opic-continuing replies to their children than mothers from lower-SES
amilies. In other words, mothers from higher-SES families engaged
n more conversational speech with their children than mothers from
ower-SES families. 

If we apply the theory of the investment model (that families with
ore resources are able to invest more time, money, and energy in their

hild’s early development, e.g., Shin & McCoy, 2022 ; Conger et al., 2010 ;
radley & Corwyn, 2002 ) to our findings, we can start to understand
hat might be underlying the associations between household resources
nd the home language environment. Given that households with higher
sset scores have more conversational speech and child vocalizations,
his relation could be influenced by more resourced houses having the
ime and energy to have more conversations with children. On the other
and, while the number of adult words is not significantly associated
o household resources, this may indicate that household resources are
ore closely related to caregivers’ capacity to interact with children

through conversations), rather than related to their capacity of saying
ore adult words in the home. While the investment model does help
s better understand what underlying relations may be at play in the
ome language environment, more research is needed to draw further
onclusions, especially in underrepresented samples such as our own. 

Similar to previous studies ( Ma et al., 2023 ; Zhang et al., 2023 ;
eisleder & Fernald, 2013 ; Greenwood et al., 2011 ; Hart & Risley, 1995 ;

, our research found strong positive associations between the home lan-
uage environment and child language development. The differences in
CDI scores across all three home language environment measures be-

ween the top-tercile and bottom-tercile participants are all statistically
ignificant (p < 0.01). For AWC, CTC, and CVC, children in the top ter-
ile scored higher than children in the bottom tercile, with differences
f 24, 30, and 35 MCDI points, respectively. Demonstrating the impor-
ance of caregiver-child interaction and child-directed speech in early
hildhood development, this study indicates that CTC and CVC have a
tronger connection with child language development than AWC. How-
ver, overall, all home language environment measures and child lan-
uage development measures are strongly associated. 

.5. Strengths and limitations 

We acknowledge several strengths of this study. First, this paper is
ne of the first few studies to quantitatively measure the home language
nvironment using LENA technology in a non-western, developing set-
ing. Second, and importantly, this study is the first to quantitatively
xamine the home language environment and child language develop-
ent of rural migrants and urbanized farmers from a peri-urban com-
unity, one of the fastest growing sub-populations in China. Although

ur peri-urban sample shows great heterogeneity in both home lan-
uage environment and child language development measures, the sam-
le children’s average rate of developmental delays is more severe than
hat of children in both rural and urban regions of China ( Ma et al.,
021 ; Zhang et al., 2015 ). As China is one of the world’s most un-
qual countries, with huge socioeconomic gaps between rural and ur-
an demographics, this study further reveals how children from low-
ES communities are disadvantaged beginning in early childhood ( Xie
 Zhou, 2014 ). 

This research has several limitations. First, using LENA recorders, we
ecorded only two days of audio for each sample family, compared to
he weekly or biweekly recording of other studies ( Suskind et al., 2016 ;
hang et al., 2015 ). However, before recording, we asked all caregivers
hether the next two days would be representative of their daily home

ife. If not, the caregivers were instructed to wait until they had two days
f stable, daily life so that the LENA recorders could capture sample chil-
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standard deviation of 1.80 hours. 
ren’s most typical at-home experiences. Additionally, our meticulous
our-step process standardized the 16-hour recordings into 12 hours of
udio data, and sample families’ results of AWC, CTC, and CVC were
eported as the average of two days of recording. Second, the small sam-
le size makes comparability to larger studies more difficult. However,
ased on our robustness checks, we feel confident in the power and va-
idity of our data and results. Future studies of similar sample sizes could
ncorporate exploratory moderation analysis. Third, the results in this
tudy are correlational, not causal, and thus must be interpreted with-
ut assuming causality. Although we identify associations between the
ome language environment and language abilities, as well as demo-
raphic characteristics and the language development/home language
nvironment measures, future studies should apply experimental or lon-
itudinal research designs to identify the factors that causally influence
arly language development in peri-urban China. Fourth, our relatively
mall sample size restricts the generalizability and implications of our
esults in the context of peri-urban China. Given that this is one of the
rst studies on the home language environment of peri-urban South-
estern China, it should serve as a starting point for future research

o be conducted in larger samples that are more representative. Last,
espite the widespread use of LENA in assessing home language envi-
onments, the LENA measurements we use in this study (AWC and CTC)
re not entirely accurate, especially CTC ( Cristia et al., 2020 , 2021 ). In-
erpretation of our data on CTC should be conducted with these lower
ccuracy rates in mind, and future studies should continue validation
fforts of LENA measures. 

.6. Contributions 

Ultimately, this study shows that there is a significant, pressing need
o enhance policies and programs to support ECD for families in low-SES
ommunities in China. Children’s early language delays can have signif-
cant and long-term negative impacts on their future performance, as
arly childhood development plays a critical role in one’s future human
apital development. Using LENA technology to further study how the
ome language environment, early language development, and early
hildhood development are related in more low-SES communities in
ther regions, practitioners and policymakers can develop more targeted
nterventions to improve children’s language development. Specifically,
olicymakers should invest more in parenting trainings —particularly
ommunity-based approaches —that teach caregivers how to engage in
nteractive, conversational-driven, and stimulating parenting practices,
ecause adult-child conversational turns and child vocalizations are sig-
ificantly associated with child language skills. Strengthening parental
nowledge of early childhood language development and parental inter-
ction with children will enable children to develop stronger long-term
inguistic and cognitive capacities, which can ultimately contribute to
overty reduction in low-SES communities. 

onclusion 

Evidence from this study shows that within a community of simi-
arly disadvantaged, low-SES families in peri-urban China, a strong as-
ociation between the home language environment and child language
evelopment exists. Additionally, there are large and substantial vari-
tions in the quality of the home language environment in peri-urban
amilies. These findings suggest that there is a great need for interven-
ions targeting improvement of the home language environment for bet-
er ECD outcomes, as well as a need for more research on rural migrant
nd urbanized farmer communities in peri-urban China. 
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ppendix File A1. LENA data management protocol 

Unfortunately, not all parents always follow the recording protocol
s instructed, even when our enumerators confirm with households that
ll recordings have been correctly produced. We adopted the following
riteria to determine whether the data we received from the parents was
alid or invalid. We divided each recording session data into five-minute
egments. In our dataset, there are 28,798 such segments. A segment is
efined to be valid if it satisfies four conditions, as listed below. 

1 The segment must be complete, meaning that the recording lasted
precisely 300 seconds. About 1.35% of our recording segments were
not complete, and we dropped them from our final recording dataset.

2 The segment does not have either of two recording errors: 

a. The first recording error arises when the audio file does not have
enough child speech. 

b. The second when the audio file does not have enough overall
speech. 

(In our study, if the recordings had either of the above errors, we
sked the caregivers to record again. Thus, the final recording segments
id not have these two recording errors.) 

1 The recording segment took place between 6:20 AM and 11:55 PM.
The objective of imposing this restriction is to improve comparability
across families as children differ when they go to bed and wake up.
Additionally, most children wake up after 6:20 AM, and go to bed
before 11:55 PM. We instructed families not to start the recording
session until the child was awake and removed and turned off the
device when they went to bed. 

2 We required that the recording session lasted at least nine hours.
Four families did not provide a valid file with at least ten hours of
recording. The average recording duration was 14.72 hours, with a
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In addition, to adjust for skewing commonly seen with count data
nd variations in the recording start time among families ( Cunha et al.,
020 ), our study used following process to standardize the 16-hour
ecordings into 12-hours of audio data. 

Step 1 : We subtracted the start time of each five-minute audio seg-
ment from 6:20 AM to generate the number of segments between
start time of each five-minute audio and 6:20 AM (for example,
the number of segments between 6:35 AM and 6:20 AM is 3 seg-
ments). 

Step 2 : We produced Chebyshev polynomials on the segments be-
tween the start time of each five-minute audio segment and 6:20
AM to minimize the Runge phenomenon and provide the best
consistent approximation of polynomials in continuous functions
( Mason & Handscomb, 2002 ). 

Step 3 : We used least absolute shrinkage and selection operator
(adaptive LASSO) regression models to select the final Chebyshev
polynomials model used in transforming the data (Neto, 2020). 

Step 4 : We conducted Ordinary Least Square to predict residuals
controlling for the segments between the start times of each five-
minute audio and 6:20 AM to adjust for variations in the record-
ing start time among families, by using the original value of each
five-minute segment’s AWC, CTC and CVC as the dependent vari-
able and the final Chebyshev polynomials as the independent
variable. 

Step 5 : We added residuals to constant term to replace original value
of five-minutes’ AWC, CTC and CVC (no matter missing or not). 

Step 6 : The fitted AWC, CTC, and CVC were totals from the first
144 valid five-minute segments (usable 12 hours) of each one-
day recording. 
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