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This study examined the relationship between investment of ﬁnancial resources in early childhood education
(ECE) and student academic outcomes using survey and observational data from 59 classrooms in Guangdong
Province, China (N = 589, 50% girls, and Mage = 5.1 ± 0.42 years). We conceptualized the mediating role of
teacher-child interaction as an important mechanism that can explain the eﬀects of ﬁnancial resources. Three
types of interactions were considered under the Classroom Assessment Scoring System (CLASS) framework:
emotional support, classroom organization, and instructional support. Our multilevel structural equation models
indicated that investing in teacher training has a direct positive eﬀect on student vocabulary development, and
that neither teacher salary nor school facility has a direct eﬀect on child vocabulary, math, or science outcomes.
Giving higher pay to teachers has an indirect eﬀect through increased quality of teacher-child interactions. In
particular, the eﬀect of instructional support is most salient for all three outcomes. We discuss our results in light
of the recent push by the Chinese government to invest in ECE. We argue for prioritizing support for raising
teacher pay to attract more capable talent to the teaching pool, expanding teacher development programs to
increase instructional quality, and spending less on equipment.

1. Introduction
When there is a serious shortage of public investment in early
childhood education (ECE) or money is spent ineﬀectively, government
initiatives fail to align with educational equity goals (Heckman, 2006).
One of the direct consequences of the lack of public funding for ECE is
an increase in the number of children—often those who are socioeconomically disadvantaged—entering their formal school years
without the adequate skills, knowledge, and dispositions necessary for
academic and lifelong success. This is a pressing concern in China.
Although recent economic boosts have successfully lifted hundreds of
millions of families out of poverty, China continues to suﬀer the consequences of ill-balanced development between urban and rural regions
socially, economically, and educationally, and ECE is one of the most
adversely aﬀected areas (Hu & Li, 2012; Hu & Roberts, 2013). Having
been playing Cinderella to her two stepsisters—primary and secondary
education nationwide—ECE received only 1.3% of the total funding for
education before 2010, which was gradually increased to 3.24% in
2014 (Ministry of Education, 2014). Most of the limited ECE budget has
traditionally been (and continues to be) reserved for urban public
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programs run by local government agencies (Hu & Roberts, 2013;
Zhao & Hu, 2008). As China’s central government has set ambitious
goals for universalizing and improving the quality of three-year ECE for
all children aged three to six by 2020, local governments across the
nation are under pressure to reform existing funding and expenditure
structures to support the development of high-quality ECE.
ECE quality that nurtures children’s development can be deﬁned as
structural and process quality. Structural quality—such as teachers'
professional qualiﬁcations, salary, teacher-child ratio—are the regulable aspect of ECE, and they represent distal quality, setting preconditions of proximal process quality (Cryer, 1999). Proximal process
quality consists of children’s moment-to-moment experiences in the
ECE settings, their academic and social exchanges with peers, adults,
and classroom materials which fosters their social, emotional, and
academic development (Pianta et al., 2005). So far, research provides
abundant evidence that structural and process quality are related to
children’s
social
and
pre-academic
performance
(Connor,
Morrison, & Slominski, 2006; Howes et al., 2008; Rimm-Kaufman,
Curby, Grimm, Nathanson, & Brock, 2009). What is noteworthy is that
research has typically found stronger associations between process
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1995; Howes & Hamilton, 1993; Kisker, Hoﬀerth, Phillips, & Farguhar,
1991; Kontos & Wilcox-Herzog, 1997; Phillips, Mekos, Scarr,
McCartney, & Abbott-Shim, 2000; Yoshikawa et al., 2015). In terms of
children’s pre-academic skills, studies have typically focused on children’s cognitive and language development, often using measures such
as the Peabody Picture Vocabulary Test − Revised (PPVT-R;
Dunn & Dunn, 1981) and the Test of Early Mathematics Ability (TEMA;
Ginsburg & Baroody, 1983, 1990). Recently, however, researchers have
started to pay more attention to pre-academic gains in children’s science knowledge (Greenﬁeld, 2009, 2015; Kinzie et al., 2014). Children’s early science knowledge is predictive of later learning (Duncan
et al., 2007; Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010) and science gains are importantly related to children’s executive functioning
(Nayfeld, Fuccillo, & Greenﬁeld, 2013).
Although originated in the U.S., the CLASS has been applied in
numerous studies in multiple countries (Cadima, Leal, & Burchinal,
2010; Leyva et al., 2015; Pakarinen et al., 2010; von Suchodoletz,
Fäsche, Gunzenhauser, & Hamre, 2014). Findings from these studies
concluded that variation in teacher-child interaction quality as measured by the CLASS is associated with meaningful diﬀerences in students’ learning across cultures. Recently, Hu, Roberts, Ieong, and Guo
(2015) showed that the CLASS exhibits the same (or very similar) factor
structures as found in U.S. samples, and provided strong psychometric
evidence for its applicability in Chinese preschool (“kindergarten”)
settings.

quality and child outcomes than structural quality and child outcomes
(Howes et al., 2008; Mashburn et al., 2008; NICHD Early Child Care
Research Network, 2002). However, much less evidence exists regarding the mediational role that process quality may play between
structural quality and children’s outcomes, especially for structural
variables related to school ﬁnance, such as school expenditures on
teachers’ compensation, assets, and professional development. We
know that school ﬁnance contributes to student achievement
(Greenwald, Hedges, & Laine, 1996; Krueger, 2003), but we are less
aware of the processes within schools that link expenditures to child
outcomes (Rice & Schwartz, 2008). In terms of the correlation between
school ﬁnance and children’s pre-academic skills (i.e., vocabulary/
language, emergent literacy, math, science, ﬁne motor, social and behavioral skills; Winsler et al., 2008), researchers have recently moved
away from global research questions about overall levels of spending,
and instead are more interested in the speciﬁc items purchased and the
particular uses made of school funding (Rice & Schwartz, 2008).
In China, ECE has undergone a promising transformation to meet
the national goal of improving program quality. Program leaders, researchers, and policy makers are seeking guidance on ECE expenditures
— on what speciﬁc items should be purchased with preschool funding
so that limited ﬁnancial resources can produce maximized eﬀects on
children's pre-academic skills and socio-emotional wellbeing. However,
we have little knowledge of how relations between expenditures, ECE
quality, and children’s academic performance work. Therefore, by examining how ECE process quality functions as part of the process that
links kindergarten expenditures to children’s academic outcomes
during early childhood, the current study advances previous research
on ECE quality and children’s outcomes. Speciﬁcally, this study ﬁlls a
gap in the literature by investigating the eﬀects of speciﬁc ECE expenditures on children’s pre-academic performance, and the role that
classroom process quality (i.e., teacher-child interactions) plays in potentially mediating between ECE expenditures and children’s pre-academic performance.

1.2. Evidence-based policy supporting ECE: do expenditures matter?
Researchers have reached consensus that only when a government
invests in ECE to ensure adequate process quality will investments truly
make a diﬀerence in children’s outcomes (Burchinal et al., 2008;
Gilliam & Zigler, 2004; Mashburn et al., 2008; Pianta, 2009; Wong, Luo,
Zhang, & Rozelle, 2013). Evidence of the long-term impact of highquality ECE programs is largely based on randomized trials, such as the
Abecedarian Project and the High Scope Perry Preschool projects, that
showed beneﬁts exceeding their cost, ranging from 5 to 16 dollars of
return on investment for each dollar invested in the program (Arteaga,
Humpage, Reynolds, & Temple, 2014; Campbell et al., 2014; Reynolds,
Temple, Ou, Arteaga, & White, 2011). Governments worldwide are now
increasing their ﬁnancing commitments to help improve the quality and
availability of ECE programs, especially for children in poverty
(Gilliam & Zigler,
2004;
Kagitcibasi,
Sunar,
Bekman,
Baydar, & Cemalcilar, 2009; Sharma & Nagar, 2009). Most importantly,
to maximize the eﬀectiveness of such investments, it is critical to understand how ECE expenditures are associated with diﬀerent elements
of teacher-child interaction quality and, in turn, to children’s pre-academic skills.
In the mainstream economics of education literature, the role of
ﬁnancial input has always captured the attention of researchers.
Hanushek’s (1986) meta-analysis ﬁrst claimed that school inputs matter
little in determining student learning outcomes. This argument has
been disputed by others, who have found a positive relationship between ﬁnancial resources and student achievement (Greenwald et al.,
1996; Krueger, 2003). School expenditure is usually used as an indicator of ﬁnancial resources. In a typical input–output model, however, the process occurring within schools is usually treated as a “black
box” (Rice & Schwartz, 2008), where the variation in output (student
test scores) is modeled by only variation in inputs (per-child spending,
class size, teachers, etc.). However, such studies are inconclusive which
has led researchers to shift their focus away from overall levels of
spending to more speciﬁc purchases and uses made of school ﬁnancial
resources (Rice & Schwartz, 2008).
In China, the most frequently occurring preschool expenditures
consist of three elements: school facilities (maintenance, oﬃce and
classroom equipment, lab consumables, etc.), teacher compensation
(salary, subsidy, performance pay, health care, etc.), and services

1.1. ECE process quality: the teacher-child interaction framework
The current frontier of ECE research hinges on one important concept: process quality. Researchers have sought to identify the speciﬁc
aspects of process quality in ECE classrooms that are most pivotal to
children’s development and learning across cultures (Hu, Fan,
Gu, & Yang, 2016). A widely used framework for measuring ECE quality
is the Teaching Through Interactions (TTI) framework developed by
Pianta, LaParo, and Hamre (2008). This framework is conceptualized
around moment-to-moment teacher-child interactions and their relations with children’s social and academic growth. Building on previous
descriptions
of
eﬀective
teaching
(Brophy & Good,
1986;
Eccles & Roeser, 2005), Pianta, LaParo et al. (2008) developed the observational tool called the Classroom Assessment Scoring System (CLASS)
to pinpoint teaching behavior in the classroom through three distinct
domains: emotional support, classroom organization, and instructional
support. Classrooms with high emotional support are positive and
warm learning environments in which children have a secure and close
attachment to the teacher who is sensitive to children’s learning and
emotional needs. A high score in classroom organization indicates that
children are constantly engaged in activities and routines and that
teachers provide clear, consistent directions and expectations, and
utilize a variety of activities and learning modalities to help children
learn. A high score in instructional support suggests that teachers use
eﬀective strategies that produce opportunities for young children to
develop higher-order thinking skills, creativity, and complex language
skills.
Empirical evidence robustly supports a positive association between
process quality and children’s social and academic development, albeit
a
moderate
one
(Campbell & Ramey,
1995;
Greenberg,
Domitrovich, & Bumbarger, 2001; Hamre & Pianta, 2007; Helburn,
38
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their capacity to serve families in need, it is the goal of the government
to increase public investment in ECE, especially in rural China where
poverty is at its worst. The government plans to use a so called “twolegs-walking” approach, meaning on one hand/leg, expanding the
number of public preschools that are available, and on the other leg,
subsidizing private ECE in order to implement The Plan.
Currently, teacher-child interaction quality in Chinese preschool
classrooms presents some unique features. It is important to note that
Chinese children have a very structured daily routine in preschools with
a signiﬁcant portion of the school day spent on whole-group teaching.
Chinese preschool teachers’ prevalent use of whole-group teaching in
classrooms is mainly due to large class sizes (averaging 30–35 children), high student-to-teacher ratio (15–20:1), and the traditional cultural inﬂuences with a preference for teacher-directed didactic teaching
(Hu, Dieker, Yang, & Yang, 2016). In a recent study of the proﬁles of
teacher-child interaction quality, researchers have identiﬁed four distinctive proﬁles: a “High quality” proﬁle (14.1%), a “Medium quality
with higher instructional support” proﬁle (14.4%), a “Medium quality
with lower instructional support proﬁle” (47.1%), and a “Low quality
proﬁle” (24.4%) (Hu, Fan, LoCasale-Crouch, Cheng, & Yang, 2016).
Many teacher features (e.g., teaching experience, highest educational
level, bianzhi or tenure, certiﬁcation, and ranking) and program features (e.g., economic property/location, funding agency, current government-rated quality levels, and annual government funding) were
sensitive in diﬀerentiating teachers across the four proﬁles. In other
words, teachers who provide the lowest level of teacher-child interaction quality tended to have less education, teaching experiences, and
work in preschools that are located in rural areas without public
funding. Also, teachers with no professional title and tenure tended to
teach in preschools where children needed the most support (Hu et al.,
2015).
It is believed that Chinese preschool teachers’ low level of teacherchild interaction quality is strongly associated with their low salary
(Hu, Mak, Neitzel, Li, & Fan, 2016; Hu et al., 2015). Preschool teachers’
salaries vary signiﬁcantly across public and private programs, as well as
teachers with and without bianzhi; therefore, they face tremendous
challenges to stay in the profession (Wang, Hong, & Pang, 2015). For
instance, a survey showed that 62% of preschool teachers earn monthly
between 901(130.41 USD) to 2000 RMB (289.5 USD), and the diﬀerence in monthly income between teachers who work for public and
private programs can be as high as 4000 RMB (579 USD) (Liu, 2011).
Even among public preschools, teachers with tenure make twice as
much as teachers without tenure (Wang et al., 2015). A census of public
schools in a western province in 2013 showed urban primary teachers
earn 40% more annually compared to urban preschool teachers; rural
primary teachers earn 58% more annually compared to their rural
preschool counterparts (Zhou et al., 2017). Besides the large salary gap,
preschool teachers in public preschools typically have abundant opportunities for professional development, and they are adequately resourced for purchasing and upgrading equipment and materials for play
and learning (Hu et al., 2014). However, teachers in private programs
especially in rural areas struggle the most with the lowest salary, little
or no opportunity for professional development, and poor or unacceptable conditions in terms of furnishing and materials for learning
(Hu et al., 2015). Professionals have called for an increase of teacher
salary in general and public funding to support teachers who work in
rural private programs and/or without tenure (Hu Mak et al., 2016;
Wang et al., 2015).
So far, few studies have considered relations between ECE quality
(both structural and process) and children’s learning gains in Chinese
preschools (Li et al., 2016), and none has examined the association
between ECE expenditure and children’s pre-academic skills. Hence,
there is a need to understand how ECE process quality might function as
a mediator between expenditures and children’s pre-academic performance. We seek the answers to two questions in this paper: (1) To what
extent are preschool expenditures related to children’s pre-academic

(teacher professional development, utility, transportation, etc.) (Zhou,
Li, Hu, & Li, 2017). However, it is unclear which item should receive the
highest priority. While a number of studies have examined the association of family resources and children’ academic gains
(Shanks & Robinson, 2013), none has considered how expenditures on
preschool facilities relate to children’s learning outcomes. Whether it is
better to invest in the preschool facility or to spend money on teachers,
including teachers’ compensation and in-service training, is an open
and important question yet to be addressed, especially across settings
and diﬀerent cultural contexts.
Some studies examining the structural predictors of process quality
have reported teachers’ compensation to be the strongest predictor of
program process quality (Howes, Whitebook, & Phillips, 1992; Phillips
et al., 2000; Scarr, Eisenberg, & Deater-Deckard, 1994). For instance,
Hu et al. (2015) identiﬁed teachers’ monthly salary as the strongest
predictor of ECE process quality in 187 preschools in Zhejiang, China,
as measured by the adapted Chinese version of the Early Childhood
Environment Rating Scale—Revised. Other studies have considered the
direct association between teachers’ compensation and children’ academic achievement, although most focus on secondary and post-secondary students (Loyalka, Sylvia, Liu, Chu, & Rozelle, 2015). Little research has examined preschool children’s pre-academic performance.
Previous studies have, in general, shown a positive association between teachers’ formal training in ECE and process quality (Cryer,
Tietze, Burchinal, Leal, & Palacios, 1999; Tout, Zazlow, & Berry, 2006).
However, results are inconsistent, and in several important studies,
researchers have either found mixed results suggesting a nonlinear relationship between the two variables (Early et al., 2006), or reported no
eﬀects of teacher education on process quality (De Kruif et al., 2009;
Fukkink et al., 2013). Slot, Leseman, Verhagen, and Mulder (2015), in
the Netherlands, found that curriculum implementation (children’s
actual activities and how teachers balanced children’s engagement in
developmental and pre-academic content) was an important indicator
of process quality. They found a strong association between emotional
and educational process quality and the center’s use of professional
development activities.
Additionally, intervention studies have started to demonstrate the
beneﬁts of in-service training (Hamre et al., 2012; LoCasale-Crouch
et al., 2011) especially when innovative training methodologies are
adopted such as consultation, online or face-to-face coaching, and
mentoring (Campbell & Milbourne, 2005; Domitrovich et al., 2009;
Pianta, Mashburn, Downer, Hamre, & Justice, 2008). In particular, inservice training programs operating under a teacher-child interaction
framework—that is, MyTeachingPartner (MTP) or Making the Most of
Classroom Interactions (MMCI)—have reported positive impacts on
program process quality (Hamre et al., 2012; Kinzie et al., 2014) and
even lead to increased early math skills of preschool children (Kinzie
et al., 2014). Overall, previous studies suggest that expenditures on
teacher training can improve critical elements of process quality such as
teacher-child interactions, which, in turn, might make a positive impact
on children’s development and learning (Pianta, 2009).
1.3. The current study
According to the Ministry of Education of the People’s Republic of
China (2014), the gross enrolment rate of children age three to ﬁve in
preschool (called “kindergarten” in China) has been steadily increasing
each year, with the current coverage rate at about 70%. This gross
enrolment rate is close to the national goal of universalizing ECE as
stated in China’s National Plan for Medium and Long-term Education
Reform and Development (2010–2020) (State Council, 2006; hereinafter referred to as ‘the Plan’). In China, the majority of ECE is funded
by the private sector (66.36%), especially ECE programs serving children of low socio-economic status (SES) where programs are of much
lower quality than those serving children from aﬄuent families (Hu,
Zhou, Li, & Roberts, 2014; Hu & Roberts, 2013). In order to strengthen
39
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uses reverse scoring. A recent study in China provided evidence to
support the validity of the CLASS and the three-domain construct for
measuring quality in the Chinese preschool context (Hu, Fan, Gu et al.,
2016). Cronbach αs were 0.83, 0.85, and 0.85 for emotional support,
classroom organization, and instructional support, respectively. When
scoring, observers gave a score for each dimension using the 7-point
range. We then followed CLASS protocol (Pianta, LaParo, et al., 2008,
p.15-19) to calculate average scores for each dimension.

(vocabulary, mathematics, and science) performance? and (2) Does
process quality (teacher-child interactions measured by the CLASS) play
a mediating role between preschool expenditures and children’s preacademic skills?
2. Method
2.1. Participants

2.2.2. Survey of kindergarten-related program features and teacher
qualiﬁcations
Each director completed a brief questionnaire concerning the basic
demographics of the kindergarten, including its geographic location
(urban vs. rural), ﬁnancial sources (public vs. private), overall classroom size, and the amount of funding received annually from the
government, if any. The directors were also asked to provide information on kindergarten expenditures on the school facility (per student),
teachers’ compensation (monthly salary), and training (per teacher).
Given that we do not have access to school’s administrative spending
data so we use a questionnaire to solicit information from the principal.
These three items represented the largest expenditures for a typical
Chinese kindergarten (Zhou et al., 2017). The lead teacher in each
participant classroom was also asked to complete a questionnaire on
their teaching qualiﬁcations, including their years of ECE experience,
major, and educational levels.

This study was conducted in southern China’s Guangdong province,
which is an economically developed province best known for its topranking GDP among China’s 23 provinces since 1989. With a population
exceeding 100 million, Guangdong, like the rest of China, suﬀers from a
widening gap in socioeconomic development between its urban and
rural regions. Using a stratiﬁed random sampling procedure, we selected three municipalities to reﬂect Guangdong’s diverse socioeconomic development according to GDP per capita as reported by the
local government in 2012: one advanced, one average, and one below
average. Then, within each municipality, we randomly selected 20
kindergartens (preschools) to reﬂect programs with diﬀerent funding
sources. However, in the municipality with below-average GDP, only
19 kindergartens were included in the ﬁnal analysis because one school
closed in the middle of the research project. Finally, within each kindergarten, we randomly selected one class of four- and ﬁve-year olds.
This selection resulted in a total of 59 classrooms for inclusion in this
study, out of which 10 classrooms (17%) were from public programs
with the others from private ones.
A total of 59 female teachers who were lead teachers of the selected
classrooms participated in the study (Mage = 32 ± 7.4), having taught
an average of 10.89 years (SD = 8.11), and their average base salary
per month was CNY 3260 ($502); ranging from the highest monthly
total of CNY 9400 ($1446) to the lowest of CNY 1200 ($185).
Approximately 66% of the teachers majored in ECE. The majority of the
teachers (88.1%) received their ﬁrst degree from teachers’ vocational
schools, which is equivalent to a high school diploma in the U.S. Less
than half (44.1%) obtained a B.S. degree or above.
The children enrolled in these 59 participating classrooms had an
average age of 5.07 (SD = 0.72). The average class size was 29.85
(SD = 6.86), and ranged from 17 to 50. Given limited funding resources, we randomly selected a minority of children in each participating classroom, with equal proportions for both genders. On average,
in each classroom we sampled 10 children. The ﬁnal sample of children
included 294 girls and 295 boys. Most of the mothers (63%) and fathers
(68%) of the children had educational attainment ranging from vocational school to a university degree. The majority of the parents (mothers, 80%; fathers, 90%) worked outside the home in a variety of occupations ranging from blue collar (e.g., factory or construction
workers) to professional (e.g., senior management). Both median and
mean annual combined family income was between $7000 and $10,000
(US). Children in the analytical sample had an average age of 5.1
(SD = 0.42).

2.2.3. Native vocabulary
The Chinese version of the Peabody Picture Vocabulary Test −
Revised (C-PPVT-R; Lu & Liu, 2005), which was translated from the
original (Dunn & Dunn, 1981), was used to assess Chinese preschoolers’
receptive vocabulary. Children were presented with a page of four
pictures and were asked to point to the picture that corresponded to the
word said by the experimenter. Lu and Liu (2005) further revised the CPPVT-R based on results for 886 Chinese children (ages 3–12). Strong
psychometric evidence, including high reliability, support the use of the
C-PPVT-R as a standard measure of Chinese children’s receptive vocabulary (Cheng, Chen, Tsai, Chen, & Cherng, 2009). In this study, this
scale also showed adequate reliability (Cronbach α = 0.96).
2.2.4. Mathematics achievement
The Test of Children Mathematics Achievement (TCMA; Xie, 2014)
was used to assess Chinese preschoolers’ mathematics skill. Xie (2014)
adapted the TCMA based on the Test of Early Mathematics Ability
(TEMA; Ginsburg & Baroody, 1983, 1990), a standardized measure,
with the addition of 10 items to address children’s mathematics performance in Chinese preschools. As with the original version, the
adapted measure included 120 items and covers children’s formal and
informal mathematics achievement. The informal mathematics section
focuses on mathematical knowledge that is implicitly acquired rather
than formally taught. It is acquired outside the context of formal
schooling, such as verbally counting the number of objects on a page,
and determining which of two spoken number words is larger. The
formal mathematics part focuses on mathematical knowledge that is
explicitly taught, usually in school, such as reading and writing Arabic
numerals and addition. Cronbach α of this measure was high
(α = 0.95).

2.2. Measures
2.2.1. Classroom measures
The Classroom Scoring Assessment System (CLASS; Pianta, LaParo
et al., 2008) is a reliable and valid measure that deﬁnes and assesses the
quality of teacher-child interactions in classrooms through three interaction domains: emotional support (including positive climate, negative climate, teacher sensitivity, and regard for student perspectives),
classroom organization (including behavior management, productivity,
and instructional learning formats), and instructional support (including concept development, quality of feedback, and language modeling). The CLASS utilizes a 7-point rating scale, with a score of 1 or 2
indicating low quality in a classroom, 3, 4, or 5 indicating mid-level
quality, and 6 or 7 indicating high quality. One item, negative climate,

2.2.5. Science knowledge
The Life Science Assessment (LiS) and Earth and Physical Science
Assessment (EPS) developed by the University of Virginia’s
MTP—Math/Science research team (Kinzie et al., 2014) were used to
assess Chinese preschoolers’ science knowledge. The LiS evaluates
children’s understanding of living versus non-living things, characteristics of plants and animals, human and animal bodies, use of the
senses, and plant and animal life cycles. The EPS evaluates children’s
understanding of scientiﬁc tools, weather, temperature, material
40
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Mandarin Chinese, which was the ﬁrst language of all the children in
the study. Twenty graduate assistants majoring in either psychology or
ECE conducted the assessments after receiving reliability training from
the researchers. To guarantee a high reliability in test administration,
all assistants went through an intensive training of the measures and
they were given continuous feedback from the researchers during
practice sessions. The assessment took place in a quiet room at each
participating preschool. The graduate assistants tried to build a rapport
with the children prior to the assessment. Each test administration took
5–20 min depending on the child’s performance, and there were three
tests in total. Once each test administration was completed, the child
took a break for several minutes before starting the next assessment.
Each child received a picture book as a token of appreciation.

composition, motion, and buoyancy. Both LiS and EPS employed
forced-choice and card-sort items with each worth 1 point. For example, a child was shown a picture of a tree and was asked, “What is
this?” then asked the forced-choice question, “Are trees plants or animals?” For some questions, children were asked to sort photographs
according to a speciﬁc (forced-choice) dimension (e.g., plants versus
animals). The two measures were highly correlated (r = 0.70,
p < 0.01). Therefore, all the items of the two measures were summed
to produce one science knowledge score as was done in previous studies
(Kinzie et al., 2014). The Cronbach α of the whole scale was 0.86 for
the current study.
2.2.6. Child and school socioeconomic status (SES)
Child/family SES was measured by ﬁve indices reported by the
parents, including mothers’ and fathers’ educational levels, occupations, and annual income. These variables have been frequently used in
previous studies to construct a composite SES variable
(Bradley & Corwyn, 2002). The education levels include seven categories ranging from “primary school education” to “doctoral degree.”
Parental occupation was coded into ﬁve categories from “unemployment, job-seeking, part-time job, or farmer” to “senior management,
professional, public servant, or manager.” Home total income per year
was divided into nine grades ranging from “less than RMB 2,000.00 ($
308)” to “RMB 100,000 ($ 15,385) or more.” Cronbach α of the ﬁve
items was 0.87. Overall family SES was formulated by averaging all
variables after transforming these variables into z-scores, with higher
scores indicating higher levels of SES (Cohen, Doyle, & Baum, 2006). In
addition, we made a school-level SES variable by calculating the school
means from all sampled children’s family SES.

2.4. Analytic strategy
Analyses took place in two stages. First, a multilevel linear modeling
technique (MLM) was used to examine the eﬀects of school expenditures on children’s academic outcomes, including vocabulary,
math, and science knowledge. Before testing these eﬀects, an unconditional MLM model was analyzed for each independent variable to
estimate the proportion of variance in outcomes that can be explained
by the children-nested-in-school data structure. If the data clustering
was substantial (ICC larger than 0.1; Field, 2005), we built a full model
that included both child-level covariates and school-level predictors.
Based on previous studies (Loyalka et al., 2015), we included three
types of control variables: child-level demographic variables (gender,
age, and family SES), school demographic variables (school location
and classroom size), and teacher qualiﬁcations (years of ECE experience, major, and educational attainment). When estimating models,
child-level continuous variables were centered using grand means.
Thus, the full model can be represented by the following equations:
Child-level model

2.3. Procedure
2.3.1. CLASS reliability training
Informed consent was obtained from teachers before data collection. From May to June of 2015, two graduate assistants majoring in
ECE who are certiﬁed CLASS coders conducted observations of teacherchild interactions in the 59 participating classrooms on a typical day,
with one of them coding 30 classrooms and the other one coding 29
classrooms. Prior to the ﬁeld observation, they received four days of
CLASS reliability training from Teachstone®, the company that provides
CLASS training, certiﬁcation, and professional development. They then
passed Teachstone’s online reliability test. Observations started at the
beginning of the day and ended around lunchtime, lasting for approximately three hours. The data collectors attempted to conduct at
least four, 20-min CLASS cycles during a single observation visit. Cycles
covered daily activities such as whole-group teaching, meals/snacks,
center play activities, and routine/care activities. They took detailed
notes about teacher-child interaction patterns and speciﬁc behavior
while watching and coding. For each cycle, the coder provided a rating
for each of the dimensions based on the scoring criteria in the CLASS
manual. Since the observation of one classroom took about 3 h, a total
of 177 h was needed for 59 classrooms.
For scoring, the two observers strictly followed the observation and
coding protocols speciﬁed in the CLASS manual (Pianta, LaParo et al.,
2008). In the previous year’s validation study of the CLASS in this
project, the inter-rater reliability estimates (intraclass correlation, ICC)
were 0.87, 0.91 and 0.89 for the dimensions of emotional support,
classroom organization, and instructional support, respectively, suggesting a high degree of inter-rater consistency in the CLASS ratings
(Hu, Fan, Gu et al., 2016).

Yij = β0 +β1(gender) + β2(age) + β3(SES) + rij
School-level model
β0 = γ00 + γ01(teacher monthly salary) + γ02(expenditures for professional training per teacher) + γ03(expenditures for school facility
per child) + γ04(school location) + γ05(classroom size) + γ06(teacher's
ECE experience) + γ07(teacher's major) + γ08(teacher's educational
attainment) + u0
Once the signiﬁcant eﬀects of school expenditures on children’s preacademic performance were identiﬁed, we further used the multilevel
structural equation modeling (MSEM) framework to test multilevel indirect eﬀects (Preacher, Zyphur, & Zhang, 2010), in which we assumed
teacher-child interaction quality (measured by CLASS) as a mediator
between school expenditures and pre-academic performance. The
MSEM is a novel statistical approach that allows investigators to disentangle within- and between-group eﬀects and test the signiﬁcance of
indirect eﬀects occurring at the group level. The assumed model is
shown in Fig. 1. As depicted in Fig. 1, this study employed a 2-2-1
multilevel mediation model, in which child academic performance was
predicted by school expenditures directly and indirectly via CLASS
(both are school-level variables). Once again, both child-level and
school-level control variables were considered in MSEM. The multilevel
mediation models were conducted separately for PPVT, math, and science knowledge. All analyses were estimated using maximum likelihood estimation with robust standard errors in Mplus 7.0
(Muthén & Muthén, 1998–2012). Both child-level and school-level
continuous variables were centered using grand means for meaningful
interpretation of the intercepts in the models. Few missing data existed
in this study (less than 0.5%). Little's MCAR test indicated that these
missing data were completely at random (χ2 = 119.05, df = 96,
p > 0.05), thus not biasing the model estimates.

2.3.2. Child assessment
Child assessment was conducted concurrent to classroom observations. Parental consent was obtained prior to the children’s participation in the one-on-one assessments on the following measures:
Vocabulary, Mathematics, Science. All the assessments were done in
41

Early Childhood Research Quarterly 41 (2017) 37–49

B.Y. Hu et al.

Table 2. The correlations were in expected directions. Correlations
among predictor variables were in the low to moderate range, thus not
likely to bias estimates.
3.2. Eﬀects of school expenditures on children’s pre-academic performance
The unconditional multilevel models accounted for the nesting in
each outcome variable. Thus, the amount of child-level and school-level
variance could be calculated for each outcome. By dividing the amount
of school-level variance by the total variance, we computed the ICC for
each dependent variable. The results revealed that the school-level
variance was 188.57, 32.83, and 124.47 for vocabulary, math and
science, respectively, while the child-level variance was 195.97,
135.52, and 79.60 for vocabulary, math and science, respectively. The
ICCs indicated that 49% of the variance in vocabulary, 19% of the
variance in math, and 61% of the variance in science could be explained
by school-level diﬀerences, indicating that large variations exist among
preschools in terms of children’ pre-academic performance. These ICCs
justiﬁed the use of a multilevel approach. Then we conducted MLM
models with child-level and school-level covariates. Note that, given
that preschool program type (public vs. private) and school-level SES
showed relatively high correlations with teacher's salary (see Table 2),
which resulted in multicollinearity, these two variables were excluded
from the subsequent analyses in order not to bias the model estimates.
The results of the full models are presented in Table 3. For the childlevel predictors, we found that scores on vocabulary, math, and science
were associated with age and family SES. Girls scored lower than boys
on science and math, but the eﬀect size was trivial (i.e., explaining less
than 1% of the total variance), especially on math. The child-level
covariates accounted for a small part of the variance in vocabulary
(3.7%), math (4.4%), and science (4.7%). With regard to school demographic variables and teacher qualiﬁcations, we found that scores on
vocabulary and science were higher for those children who were from
urban schools (uniquely explaining 3% and 5% of the variance of vocabulary and science, respectively) and with teachers having higher
level of education (uniquely explaining 2% and 5% of the variance of
vocabulary and science, respectively). Children also had higher vocabulary scores with smaller classroom sizes (explaining 1% of variance in
test scores). The school-level covariates accounted for 39%, 16%, and
36% of variance in vocabulary, math, and science, respectively, which
are relatively large eﬀect sizes in educational research (Fan, 2001).
Beyond these control variables, we found that school expenditures
contributed to the variance in pre-academic performance − the focus of
this study. Overall, school expenditures accounted for 2.7% and 4.7% of
variance in vocabulary and science, respectively, representing acceptable and meaningful eﬀect sizes (Fan, 2001). Speciﬁcally, teacher’s
monthly salary predicted children's science scores positively (estimates = 2.07, p < 0.01, 95% CI [0.62, 3.53]). In addition, children’s
vocabulary scores were positively associated with school expenditures
on teachers’ professional training (estimates = 0.98, p < 0.05, 95% CI
[0.17, 1.78]). Contrary to our expectations, school expenditures did not
account for variance in children’s math performance. School expenditures on school facilities were unrelated to children’s pre-academic performance.

Fig. 1. Hypothesized multilevel mediation model on the relations between kindergarten
expenditures, CLASS, and child academic outcomes.

3. Results
3.1. Descriptive statistics
We ﬁrst conducted a set of analyses to describe the sample. Table 1
provides the descriptive statistics of the main variables for the total
sample. The correlations among study variables are presented in
Table 1
Descriptive Statistics of Variables.
Variables
School-level variables
School locations
Urban schools
Rural schools
School program type
Public schools
Private schools
School-level SES
Classroom size
Years of teaching experiences
Teacher's Major
ECE major
Other major
Teacher's educational level
Some college or higher
Lower than college
Teacher's monthly salary
Expenditures for professional
training per teacher
Expenditures for school facility
per student
Emotional Support
Classroom Organization
Instructional Support
Child-level variables
Gender
Girls
Boys
Age
Family SESb
Vocabulary
Math
Science

N

Min

Max

M

SD

−1.12
17.00
1.00

1.08
50.00
30.00

−0.02
29.86
10.91

0.61
6.71
8.05

1.20
0.00

9.40a
9.52

3.26
1.28

1.87
1.71

59

0.17

8.22

1.58

1.79

59
59
59

3.75
2.92
1.33

6.13
5.92
3.83

5.08
4.82
2.37

0.60
0.70
0.51

59
35
24
59
10
49
59
59
59
59
39
20
59
38
21
59
59

589
294
295
588
549
587
586
584

%

59.3
40.7
16.9
83.1

66.1
33.9
64.4
35.6

3.3. The mediation roles of CLASS
49.9
50.1
3.50
−1.53
3.00
2.00
13.00

6.50
1.85
106.00
78.00
100.00

5.07
−0.01
37.27
27.17
72.61

We used the MSEM model according to the assumed model (see
Fig. 1) for each dependent variable (i.e., vocabulary, math, and science)
separately. Although no signiﬁcant eﬀects of school expenditures on
math were found, we still include these variables in our model to examine whether any indirect eﬀect via CLASS domain scores could be
identiﬁed. All three models ﬁt the data extremely well (for all models,
χ2 (3) ≤ 3.59, p > 0.05, RMSEA ≤ 0.019, both CFI and TLI = 1.00).
Across all three models (vocabulary, math, and science), the associations between school expenditure and CLASS scores did not vary.

0.42
0.80
19.64
12.97
14.33

Note: School expenditures were in the unit of 1000 Chinese yuan (about 150 US dollars).
a) 9.4 equals to 9400 yuan (about 1300 US dollars) for average income for an urban
kindergarten in Guangzhou. The salary does not include the salary for principals or
management staﬀ. b) SES = socioeconomic status.
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–
0.50***
0.17***
0.55***
0.14**
0.24***
0.77***
0.00
0.50***
0.40***
0.27***
0.41***

0.02
0.03
0.38***
0.31***
0.11**
0.34***

−0.03
−0.18***
0.44***
0.41***
0.14***
0.43***

2

–
0.29***
0.57***
0.04
0.42***
.28***
0.27***
0.43***
.15***
0.25***
0.27***
0.22***
0.43***

1

−0.02
−0.09*
0.75***
0.64***
0.29***
0.60***

–
−0.03
0.43***
0.37***
0.32***
0.78***
0.27***
0.41***
0.56***
0.37***
0.68***

3

0.05
−0.03
−0.01
−0.09*
−0.05
0.04

–
0.29***
−0.11**
0.06
0.06
−0.13**
0.09*
−0.18**
−0.16***
0.06

4

−0.01
−0.13**
0.32***
0.29***
0.11**
0.31***

–
0.20***
0.28***
0.51***
0.00
0.41***
0.32***
0.23***
0.48***

5

−0.02
0.03
0.28***
0.26***
0.19***
0.26***

–
0.15***
0.30***
0.13**
0.26***
0.41***
0.23***
0.32***

6

0.06
0.03
0.25***
0.31***
0.18***
0.38***

–
0.36***
−0.06
0.21***
0.37***
0.24***
0.42***

7

−0.01
−0.02
0.58***
0.52***
0.25***
0.52***

–
0.13**
0.52***
0.56***
0.39***
0.68***

8

−0.01
−0.09*
0.20***
0.18***
0.06
0.14**

–
0.34***
0.08*
0.18***
0.07

9

0.03
0.01
0.32***
0.32***
0.15***
0.31***

–
0.29***
0.25***
0.27***

10

0.05
0.02
0.43***
0.44***
0.24***
0.41***

–
0.75***
0.71***

11

0.04
−0.01
0.29***
0.27***
0.15***
0.21***

–
0.53***

12

0.03
0.03
0.51***
0.55***
0.32***
0.57***

–

13

–
−0.09*
−0.06
−0.05
−0.10*
−0.08

14

–
−0.11**
0.15***
0.29***
0.18***

15

–
0.57***
0.29***
0.50***

16

–
0.44***
0.47***

17

–
0.70***

18

Note: Categorical variables was coded as: Urban school = 1, Rural school = 0; Public school = 1, Private school = 0; ECE major = 1, Other major = 0; Educational level of college or higher = 1, Lower levels of education = 0; and Girls = 1,
Boys = 0.
*p < 0.05, ** p < 0.01, *** p < 0.001. Teach month salary = Teacher's monthly salary; Expend − training = Expenditures for professional training per teacher; Expend − facilities = Expenditures for school facility per student.

School-level
1 Urban
2 Public
3 School-level SES
4 Class size
5 Yrs teach experience
6 Teacher ECE major
7 Teach Educ level
8 Teach month salary
9 Expend − training
10 Expend − facilities
11 Emotional Support
12 Classroom Organization
13 Instructional Support
Child-level
14 Gender
15 Age
16 Fam SES
17 Vocabulary
18 Math
19 Science

Variables

Table 2
Correlation among variables.
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Table 3
Unstandardized Estimates of Eﬀects of Child-level and School-level Demographic Variables, Teacher Qualiﬁcations and School Expenditures on Child Academic Outcomes.
Vocabulary

Fixed eﬀect
Intercept
Child-level
Girl
Age
SES
School-level
Urban
Classroom size
Years of teaching
Teacher's major
Educational level
Teach month salary
Expend − training
Expend − facilities
Random eﬀect
Child-level Residual
School-level Residual

Math

Science

Estimate

SE

p

Estimate

SE

p

Estimate

SE

p

30.15

1.78

0.000

25.44

1.81

0.000

66.08

3.59

0.000

0.00
9.60
7.24

1.11
1.60
1.11

0.997
0.000
0.000

−1.81
9.10
3.65

0.91
1.49
0.81

0.047
0.000
0.000

−1.86
6.80
2.37

0.70
1.23
0.57

0.008
0.000
0.000

7.03
−0.32
0.06
0.80
4.22
2.08
0.98
0.22

2.00
0.13
0.16
1.75
1.99
1.22
0.41
0.81

0.000
0.012
0.719
0.648
0.034
0.087
0.017
0.787

0.62
−0.06
0.01
1.73
2.12
0.37
0.01
0.16

1.34
0.08
0.08
1.42
1.22
0.35
0.36
0.38

0.645
0.479
0.941
0.222
0.083
0.286
0.981
0.685

6.09
0.03
−0.04
0.71
5.52
2.07
0.46
0.06

2.24
0.11
0.13
1.99
2.37
0.74
0.46
0.43

0.007
0.751
0.790
0.722
0.020
0.005
0.320
0.886

180.58
28.09

16.85
8.45

0.000
0.001

127.90
6.37

10.14
3.71

0.000
0.086

69.85
40.71

5.50
9.06

0.000
0.000

Note: SES = socioeconomic status. Categorical variables was coded as: Urban School = 1, Rural School = 0; ECE Major = 1, Other Major = 0; Educational level of college or higher = 1,
Lower levels of education = 0; and Girls = 1, Boys = 0. Teach month salary = Teacher's monthly salary; Expend − training = Expenditures for professional training per teacher;
Expend − facilities = Expenditures for school facility per student.

2.13]), and science scores (estimates = 1.98, p < 0.01, 95% CI [0.81,
3.14]). In addition, teacher's salary linked to child vocabulary (estimates = −0.57, p < 0.01, 95% CI [−0.99, −0.16]) and science (estimates = −0.58, p < 0.05, 95% CI [−1.14, −0.02]) indirectly via
classroom organization in a negative direction − teacher classroom
organization negatively predicted child pre-academic performance.
As Wen and Fan (2015) recently discussed, for mediation eﬀects,
“… no single index appears to be a viable mediation eﬀect size measure” (p. 199), because all measures currently available have their own
issues. Given this situation, we used the Rm statistic as proposed by
Sobel (1982) as our mediation eﬀect size measure. Rm is the ratio of the
indirect eﬀect to the direct eﬀects (i.e., Rm = a*b/c'), and it reﬂects the
contribution of the indirect eﬀect relative to the direct eﬀect. More
speciﬁcally, Rm < 1, Rm = 1, or Rm > 1 indicates that the indirect
eﬀect is smaller than, equal to, or larger than the direct eﬀect, respectively. Following Sobel’s procedures, the Rm statistics for the statistically signiﬁcant indirect eﬀects in the current study ranged from

Speciﬁcally, the three dimensions of CLASS showed signiﬁcant links
only with teacher's salary, but not expenditures for training and school
facilities (ps > 0.05). The model estimates revealed that teacher’s
emotional support (estimates = 0.18, SE = 0.04, p < 0.001, 95% CI
[0.11, 0.26]), classroom organization (estimates = 0.14, SE = 0.04,
p < 0.001, 95% CI [0.07, 0.23]), and instructional support (estimates = 0.20, SE = 0.04, p < 0.001, 95% CI [0.13, 0.28]) were positively predicted by teacher's monthly salary.
Table 4 summarizes the direct and indirect eﬀects of school expenditures and CLASS on child academic outcomes. After taking into
consideration the mediating roles of CLASS, school expenditures
showed no signiﬁcant direct eﬀects on pre-academic performance except that per-teacher expenditure on professional training predicted
children’s vocabulary (estimates = 0.94, p < 0.01, 95% CI [0.26,
1.63]). Teacher’s salary showed signiﬁcant indirect eﬀects via instructional support on children’s vocabulary (estimates = 1.97, p < 0.0001,
95% CI [1.01, 2.93]), math (estimates = 1.29, p < 0.01, 95% CI [0.45,

Table 4
Unstandardized Estimates of Direct and Indirect Eﬀects of School Expenditures and CLASS on Child Academic Outcomes.
Eﬀects

Direct eﬀects on academic outcomes
ES (b1)
CO (b2)
IS (b3)
Teach month salary (c'1)
Expend − training (c'2)
Expend − facilities (c'3)
Indirect eﬀects
Teach month salary → ES → Outcome (a11b1)
Teach month salary → CO → Outcome (a21b2)
Teach month salary → IS → Outcome (a31b3)
Expend − training → ES → Outcome (a12b1)
Expend − training → CO → Outcome (a22b2)
Expend − training → IS → Outcome (a32b3)
Expend − facilities → ES → Outcome (a13b1)
Expend − facilities → CO → Outcome (a23b2)
Expend − facilities → IS → Outcome (a33b3)

Vocabulary

Math

Science

Estimate

SE

p

Estimate

SE

p

Estimate

SE

p

4.14
−3.84
9.85
0.48
0.94
0.87

2.41
1.34
2.11
1.06
0.35
0.66

0.086
0.004
0.000
0.648
0.007
0.188

−0.35
−0.52
6.45
−0.41
−0.07
0.51

1.70
1.06
1.81
0.34
0.30
0.34

0.836
0.622
0.000
0.237
0.817
0.131

2.29
−3.91
9.88
0.72
0.49
0.64

2.85
1.89
2.65
0.58
0.39
0.43

0.421
0.039
0.000
0.212
0.214
0.136

0.77
−0.57
1.97
0.06
−0.23
0.04
−0.07
0.04
−0.36

0.48
0.21
0.49
0.15
0.15
0.17
0.14
0.15
0.29

0.111
0.007
0.000
0.720
0.113
0.796
0.634
0.793
0.213

−0.07
−0.08
1.29
−0.01
−0.03
0.03
0.01
0.01
−0.23

0.32
0.16
0.43
0.03
0.06
0.11
0.03
0.02
0.19

0.836
0.622
0.003
0.865
0.605
0.794
0.851
0.808
0.225

0.43
−0.58
1.98
0.03
−0.23
0.04
−0.04
0.04
−0.36

0.55
0.29
0.59
0.09
0.17
0.17
0.09
0.15
0.30

0.437
0.043
0.001
0.745
0.165
0.796
0.670
0.796
0.230

Note: Teach month salary = Teacher's monthly salary; Expend − training = Expenditures for professional training per teacher; Expend − facilities = Expenditures for school facility per
student.
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the previous literature that found that investments in the structural
quality of ECE (such as provisions for learning) do not lead automatically to children’s increased academic performance (Yoshikawa
et al., 2013). School facility typically refers to large equipment such as
outdoor stationary and portable large-motor equipment and indoor
furnishings for play and learning (e.g., a piano, a dramatic play furniture set). There are several possibilities for the lack of a school facility
eﬀect. First, there might be a threshold eﬀect for adding new equipment, whereby at some point after a minimum standard of equipment is
available, any additional eﬀect on student learning outcomes drops to
zero. Such an eﬀect is more likely to be present after several years of
implementation of the nation’s initiative to add more ECE programs.
Another explanation is that the school facility might be more closely
associated with other areas of children’s development besides academics, such as physical, socio-emotional, and creativity development.
For example, the provision of both quality stationary and portable
equipment aﬀords children many opportunities to exercise a range of
large motor skills (e.g., pulling, climbing, throwing, catching, and
sliding). Past studies have found an association between the provision
of outdoor equipment and children’s large motor development and their
social and self-regulatory skills, outcomes not explored in the present
study (Wells & Evans, 2003).

0.81 to 4.10, indicating that the contribution of the indirect eﬀects is
either close to or outweighs the direct eﬀects.
4. Discussion
This study represents an eﬀort to understand the eﬀects that preschool expenditures may have on children’s pre-academic performance
during early childhood. We advance past research that typically treats
process quality as a “black box” by examining both diﬀerent type of
expenditures and diﬀerent quality indicators as potential mediators.
Our analysis suggests that per-teacher expenditure on training predicted children's vocabulary, while teacher's salary was linked to child
science knowledge with robust eﬀect sizes. Signiﬁcant indirect eﬀects
of teacher's salary on children’s outcomes were also found. Speciﬁcally,
instructional support mediates the relationship between teacher's salary
and children’s vocabulary, mathematics, and science knowledge performance, whereas classroom organization mediates the relationship
between teacher's salary and children’s vocabulary development and
science knowledge (in a negative direction). These ﬁndings suggest that
ECE quality is part of the mechanism through which school expenditures on teacher's salary aﬀects children’s academic performance.
In addition, we found that about 49% of the variance in vocabulary,
19% of the variance in math, and 61% of the variance in science could
be explained by school-level diﬀerences, suggesting that children’s preacademic performance varies considerably across these preschools.
These ICC values are bigger when compared with previous studies
(Schulting, Malone, & Dodge, 2005), which is not hard to understand
considering the large urban-rural disparity that exists in terms of the
ﬁnancial wellbeing and overall program quality of preschools in
China–a developing country (Hu & Roberts, 2013; Hu et al., 2014;
Zhao & Hu, 2008). It is also notable that family-level factors such as SES
in the current study explained only a very small amount of variance in
children’s outcomes, also unlike what is typically found in studies in the
United States (Burchinal. Peisner-Feinberg, Pianta, & Howes, 2002;
Curby et al., 2009). Our ﬁndings suggest that, at least for our sample
and context, the experiences that children have with teachers in preschools are more important for children’s pre-academic school readiness skills than economic and educational inﬂuence in the home.

4.2. Mediation between school expenditures and children’s pre-academic
performance
This study extends previous theory and ﬁndings by evaluating the
relationship between school expenditures and children’s pre-academic
performance in a mediation framework. The results indicate that such a
relationship is partially accounted for by ECE quality—speciﬁcally, by
teacher-child interaction quality, as a mechanism through which expenditures on teacher salary is positively linked to children’s vocabulary, math, and science performance. In other words, unlike teacher
training, salary itself does not necessarily translate into better child
outcomes directly; instead, it is anticipated that it is through the quality
of teaching that salary can make an impact on children’s pre-academic
learning.
Particularly, the higher the salary was that schools paid to teachers,
the better instructional quality children received in the classrooms, and
the better performance the children achieved in vocabulary, mathematics, and science. This ﬁnding is consistent with the previous literature highlighting the important predictive role of teacher salary in
relation to ECE quality (Howes et al., 1992; Mak et al., 2016; Phillips
et al., 2000). Moreover, our ﬁnding on the mediating role of instructional support quality is consistent with the growing body of international literature on the importance of quality instructional support for
children’s academic achievement (Araujo, Carneiro, CruzAguayo, & Schady, 2014; Burchinal et al., 2000, 2008; Hamre et al.,
2013; Mashburn et al., 2008; Penno, Wilkinson, & Moore, 2002).
The negative associations we found in the mediation analysis between teacher’s salary and children’s vocabulary and science outcomes
via classroom organization at ﬁrst glance might seem non-intuitive. A
closer look at the Chinese classroom provides some explanations. Once
we unfold the patterns of teacher-child interactions in the Chinese
classrooms in light of classroom organization, two diﬀerent patterns of
classrooms both with high scores in classroom organization emerged.
The ﬁrst group of teachers (most likely urban public preschool teachers)
tend to score high on classroom organization because of eﬀective use of
proactive strategies and rich instructional formats and they provide
overall higher teacher-child interaction quality (Hu, Fan, LoCasaleCrouch et al., 2016). Working in better-resourced preschools, these
teachers adopt a more developmentally appropriate way to stimulate
children’s vocabulary and science learning. Children in these classrooms tend to be more active learners who likely initiate ideas and take
a lead in activities.
However, in another group of Chinese teachers (more likely rural

4.1. Direct eﬀect of school expenditures on children’s academic outcomes
Of the direct eﬀect of school-level variables, expenditures on teacher salary contributed only to variance in child science knowledge, but
not their vocabulary and mathematics scores. In other words, children
taught by teachers with varying pay schedules scored similarly in their
vocabulary and mathematics performance. This is in contrast to the
previous literature, in which some researchers reported that children
score better on math when taught by teachers with better pay, although
these studies were done in elementary and secondary school settings
instead of preschool, and in other countries (Loyalka et al., 2015).
Expenditures on training also directly related to variation in Chinese
preschool children’s pre-academic outcomes. Expenditures on training
signiﬁcantly predicted children’s vocabulary scores but not math or
science. This indicates that preschools’ training eﬀorts may have made
a diﬀerence in children’s Chinese receptive vocabulary skills. However,
money preschools spent on training was not related to children’s
mathematics and science learning. It is possible that the majority of
training oﬀered at the preschool level is geared toward teaching curricula and methodology more closely associated with children’s vocabulary skills. Teaching math and science at the pre-K level is new in the
Chinese setting, and has not been considered as important by practitioners (Hu, Fuentes, Wang, & Ye, 2014). In the future, researchers
could consider examining diﬀerent types of teacher training in math
and science and their associations with children’s outcomes.
We found that expenditures on the school facility did not directly
relate to children’s academic learning. Such ﬁndings are supported by
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training and vocabulary learning. For instance, training expenditure
might have helped teachers improve their abilities in creating a developmentally appropriate, literacy-rich environment, which studies
suggest can also be helpful in improving children’s early language and
literacy skills (Neuman & Carta, 2011; Reutzel & Morrow, 2007).
In this study, neither direct nor indirect eﬀects were found between
school asset expenditures and children’s pre-academic learning.
Further, we found that asset expenditure did not make a diﬀerence in
teachers’ use of emotional, behavioral, or instructional support in the
classroom. This ﬁnding suggests that the government would do well to
invest in things that increase process quality and the quality of teacherchild interactions (rather than equipment) if the goal is to make a difference in children’s outcomes (Burchinal et al., 2008; Gilliam & Zigler,
2004; Mashburn et al., 2008; Pianta, 2009; Wong et al., 2013). In
contrast, it is possible that asset expenditure has helped teachers to
improve other aspects of program quality, such as the learning environment. For example, as mentioned earlier, the purchase of large
outdoor equipment could help increase the quality of outdoor play,
which might in turn enhance the development of children’s physical
and social skills.

teachers), they score high on classroom organization not because they
were good at applying proactive strategies and redirections and rich
instructional formats. It is important to clarify that, according to the
scoring criteria for behavior management, when proactive strategies
and eﬀective redirection were absent in the classroom, but no student
misbehavior is evident, the raters can assume that “eﬀective behavioral
strategies are in place and a classroom may score in the high range”
(Paro et al., 2008, p. 44). The second group of Chinese teachers, owing
to traditional teacher-centered practice and the collectivist mainstream
social culture, typically are good at disciplining children. It is believed
that in classrooms where discipline is viewed as essential, students tend
to be dependent and obedient individuals who try to comply with demands (Biggs, 1996; Chan & Rao, 2010). Thus, given the tendency to
focus on rules and disciplines in classrooms, these Chinese teachers
(more likely rural teachers) score high on classroom organization because their children were trained to be obedient and follow the teachers’ lead in learning. In a separate study, we found that in such
classrooms of high teacher control, students tend to show decreased
motivation for learning, are rather dependent, and rarely make initiations in learning or acknowledged for making such initiations (Hu, Teo,
Nie, & Wu, 2017). Overall teacher-child interaction quality in this
second group of teachers tends to be low especially in showing
awareness of, and responding to, children’s academic and social needs
and promoting their creative thinking. In conclusion, the way many
Chinese teachers approach classroom organization might be unfavorable for preschoolers' academic performance but they nonetheless score
high on classroom organization given the current CLASS rubrics, which
might explain the negative direction observed in some of the mediation
analyses.
Moreover, this ﬁnding also raises concerns about the cultural appropriateness of the behavior management dimension of the teacherchild interaction framework. It might be necessary to revise the speciﬁc
scoring criterion so that is more culturally sensitive for assessing process quality in Chinese preschools. Given the scope of the current study,
we did not collect any data on teacher or school administrator’s beliefs
on the teacher-child interaction framework and associated CLASS assessment tool. We leave this topic for future research. In terms of the
relationship between teacher salary, classroom organization, and academic outcome, we hypothesize that teachers who subscribed to the
rules- and discipline-focused teaching style actually are more likely to
be retained in their job over the years. Because teacher salary is largely
determined by seniority, the more compliant the teacher, the more
likely that they will remain in their job longer, thus with higher salary.
In this sense, teacher quality could be negatively related with teacher
salary. To understand such issues better, researchers will need to look
into Chinese kindergarten’s organizational culture of how teachers are
evaluated and compensated inside various kindergarten settings.
The mediation analysis also revealed that teacher-child interaction
quality is not the mechanism through which school expenditure on
training aﬀects children’s pre-academic learning, at least within the
Chinese context. This suggests that school expenditure on training may
not aﬀect the quality of classroom learning experiences. Such ﬁndings
support the view that professional development requires a more specialized focus on the most critical aspect of the classroom experience
that has the largest eﬀects on children’s learning (Fukkink & Lont, 2007;
Pianta, 2009). Our ﬁndings also highlight the need to develop professional development programs with empirical evidence given the association between program quality and children’s pre-academic achievement (Hamre et al., 2010; Kinzie et al., 2014; Mashburn et al., 2008).
The direct eﬀect of training expenditures on children’s vocabulary
performance suggests that training may have made a diﬀerence in
children’s vocabulary learning. However, no indirect eﬀect was found
when examining the role of teacher-child interaction quality in mediating the relationship between expenditure on training and children’s
vocabulary learning. This implies that other mediators not examined in
the current study might be responsible for the relationship between

4.3. Limitations and directions for future research
This study is among the few to clarify the potential eﬀect of school
expenditure on preschooler's pre-academic performance and the potential indirect eﬀect of teacher-child interactions. To ensure the robustness of the ﬁndings, multiple child-level and school-level variables
were included in the analyses. Eﬀect sizes in this study were acceptable
and meaningful. However, we acknowledge that several limitations
exist within this study. First, only some aspects of children’s pre-academic performance (vocabulary, math, and science) were examined.
Thus, we do not know about how expenditures and quality might relate
to other domains of child development, such as physical, social, and
emotional development. Second, in the current study, we examined a
speciﬁc type of process quality: teacher-child interaction measured by
the CLASS in terms of emotional support, class organization, and instructional support. In future studies, researchers should consider other
aspects of program quality which might be associated with expenditures on training, salaries, and assets.
Third, although we used a representative sample of preschools in
Guangdong Province, caution must be taken when generalizing the
ﬁndings to other parts of China, especially West and Central China.
Fourth and most importantly, as a cross sectional, correlational study,
we cannot conclude anything about causal relations between school
expenditure, classroom quality, and children’s outcomes. Nor were we
able to compare fully how these processes may play out diﬀerently in
various combinations of public/private and urban/rural kindergartens.
In general, public and urban kindergartens have more ﬁnancial resources, thus they may be able to oﬀer teachers a higher salary. It is
possible that other elements related to school types also contribute to
the varying instructional capacity of teachers. But our data do not allow
examining these areas of omitted variable bias. It is important that this
study be replicated with other samples, longitudinally, and using other
experimental and quasi-experimental designs to examine further causal
links between expenditures, classroom quality, and children’s academic
growth over time. Finally, the non-intuitive negative relations found in
the mediation analysis between teachers’ salary and children’s vocabulary and science outcomes via classroom organization warrant attention in future research. Speciﬁcally, researchers should consider
longitudinal approaches to understand dynamic relationships between
classroom organization and children’s development.
4.4. Implications for early childhood policies
In the ﬁeld of early childhood education, policy makers and professionals are called on to improve teacher-child interaction quality and
46

Early Childhood Research Quarterly 41 (2017) 37–49

B.Y. Hu et al.

child-per-family policy, allowing families to have two children.
According to past experience, local governments, especially those in
rural areas, tend to spend a substantial portion of funding on assets at
the expense of funding teacher salaries and eﬀective professional development (Hu et al., 2015). While it is necessary to invest some in
minimal to adequate structural provisions for learning, policy makers
need to be strategic about expenditures that maximize beneﬁts for
children’s development and learning.

children’s development and learning through evidence-based policy
reform (Arteaga et al., 2014). This study advanced this ﬁeld by examining how teacher-child interaction quality may serve as part of the
mechanism through which school expenditures are linked to children’s
pre-academic performance, thus oﬀering important implications for
policy reform concerning preschool expenditures in the Chinese sociocultural and policy context. Our ﬁndings indicate the need to prioritize
expenditures to maximize the beneﬁts of limited ﬁnancial resources for
ECE. First, a more eﬀective way for schools to improve children’s outcomes, according to our ﬁndings, is by increasing teacher pay. Higher
teacher pay can lure high-quality candidates that will improve teacherchild interaction quality into the teacher pool and stay long-term in the
profession (Early et al., 2006). Despite the large variation among preschools (ranging from $184 to $1446), especially between urban and
rural teachers, the average monthly salary of Chinese ECE teachers is
relatively low in Guangdong compared to those of elementary and
secondary school teachers. We thus join other professionals in advocating for pay increases for ECE teachers, especially teachers serving
the most disadvantaged rural children. Teacher compensation right
now only constitutes a small proportion of ECE expenditure in China
(Zhou et al., 2017). While arguing for overall improvements in teacher
compensation, further studies should look into whether there is a
baseline threshold for teachers’ salary in relation to teacher-child interaction quality in preschool classrooms across China. Such evidence
could provide speciﬁc guidelines for setting salary levels in each province’s ECE quality evaluation system.
Second, the lack of a mediation eﬀect of teacher-child interaction
quality on the association between training expenditure and children’s
academic outcomes suggests that future professional development may
need to be reorganized and perhaps target teacher-child interaction
quality. However, if teacher-training shifts to better align with the
CLASS, it will be important to be sure that other types of training shown
to be eﬀective in the past are kept. Recognizing the lack of eﬀectiveness
of several types of professional development, many professionals recommend improving teacher-child interaction quality (Pianta, 2009).
For instance, observational studies in both developed countries like
Finland (Pakarinen et al., 2010) and the U.S. (Hamre et al., 2013) and
developing countries like Chile (Leyva et al., 2015) and China (Hu, Fan,
Gu et al., 2016) suggest that teachers rate rather poorly on instructional
support quality and have a great deal of room for improvement. Furthermore, many researchers worldwide have called on the professional
community to increase eﬀorts to help teachers improve instructional
support quality through innovative and eﬀective professional development (Pianta, Mashburn et al., 2008). Additionally, studies have repeatedly shown that the most eﬀective way to improve teaching quality
is through observation-based, speciﬁc, ongoing feedback given by expert teachers (Goe, Biggers, & Croft, 2012; Landry, Swank, Smith,
Assel, & Gunnewig, 2006; Mashburn et al., 2008). Some recent empirically validated professional development programs (e.g., MTP and
Making the Most of Classroom Interactions) have shown eﬀectiveness in
improving teachers’ practices and children’s outcomes (Hamre et al.,
2010; Kinzie et al., 2014; Mashburn et al., 2008).
Finally, in addition to prioritizing expenditures to ensure levels of
teacher pay and training that can help improve classroom quality,
schools need to be cautious about expenditures on school facilities. The
lack of direct and indirect eﬀects of asset expenditure on children’s
academic outcomes does not necessarily suggest that ﬁxed assets are
unimportant. Expenditures on some assets are necessary to ensure
safety and the daily operation of schools, and the enrichment of the
learning environment could help improve ECE quality. However, asset
expenditure should not be considered a priority. Currently, stakeholders are working toward the national goal of providing all Chinese
children with three-year ECE. As a result, many new programs, public
and private, have been implemented to serve the growing number of
Chinese children. The number of children in need of ECE services will
increase in the next decade, as China has recently loosened its one-
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