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Abstract

The importance of providing children with more robust opportunities to access high-quality
science instruction is a widely recognized challenge. Unfortunately, science instruction is often
neglected in the earliest school grades, meaning that many young children face opportunity gaps
to learning science. We present the results of a meta-analysis of experimental and quasi-
experimental research of the effects of classroom-based pre-K-1% grade science educational
interventions. We find that, on average, treatment group children in early science educational
interventions demonstrated significantly stronger science achievement outcomes compared to
control group children. Most of the programmatic and contextual moderator variables examined
were not significant predictors of the magnitudes of achievement impacts. Rather, it appeared
that a variety of different intervention strategies could effectively improve early science learning
outcomes. We found suggestive evidence of positive impacts on children's literacy and social-
emotional learning outcomes, and on teacher-level outcomes. We discuss implications and
promising directions for future research.
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EARLY CHILDHOOD SCIENCE INTERVENTIONS

The Effects of Early Childhood Science Educational Interventions on Children’s Science
Achievement: A Meta-Analysis of Classroom-Based Studies

The need to provide children with more opportunities to access high-quality science
instruction that strengthens their learning is a widely recognized challenge facing education
(National Academies of Sciences, Engineering, and Medicine [NASEM], 2022; National
Research Council [NRC], 2007). Evidence suggests that early exposure to standards-aligned
science instruction can have short- and long-term impacts on students’ science achievement
(Curran & Kitchin, 2019; Gropen et al., 2017; Kaderavek et al., 2020). Early science instruction
also has the potential to foster broader skills in domains such as early literacy (e.g., Paprzycki et
al., 2017; Raven & Wenner, 2022) and social-emotional learning (SEL) (e.g., Bustamante et al.,
2018), and could potentially lay an early foundation for children’s development of the science-
related knowledge and skills valuable for informed citizenship (NRC, 2012).

Young children, whom we hereafter define for the purposes of this article to include
children in grades pre-K-1, have strong levels of curiosity and interest in science', and bring with
them to school rich funds of science experiences and knowledge cultivated in their homes and
communities (e.g., Dabney et al., 2013; Edwards et al., 2016). Yet despite these strengths, in
practice children often do not have adequate opportunities to develop their science proficiency in
early grades classrooms. As of fourth grade, 64% of U.S. children overall failed to meet science
proficiency benchmarks on the 2019 NAEP; among low-income children, the rate was 80% (U.S.
Department of Education, 2019). Early grades teachers often face pressures to raise mathematics
and reading scores, and these pressures frequently come at a cost in terms of instructional time

and professional development (PD) for science (Anderson, 2011; Early et al., 2010; Judson,

! Following others (e.g., Bustamante et al., 2018), we use the term ‘science’ for brevity throughout the article
when referring to early childhood interventions in both science and/or engineering.
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2013; Plumley, 2019). Further, early grades teachers tend to be generalists in their academic
content training (NASEM, 2022) and to have little preparation specific to science instruction.
These issues may be exacerbated in high-poverty settings, where accountability demands are
often especially high, and schools frequently face constraints in securing instructional resources
(Banilower et al., 2018; Ladson-Billings, 2006). Given these various factors, concerns remain
that children’s potential for science learning in early grades classrooms is not being fully realized
(NASEM, 2025).

In recent years, researchers, policymakers, and funders have turned growing attention to
science education starting in pre-K. These changes reflect both growing recognition of the
importance of the early childhood period for children’s cognitive and affective development
generally (Institute of Medicine and National Research Council, 2000) and increasing awareness
that young children are able to develop foundational science knowledge and practices that can
strengthen their ability to comprehend more advanced content in the later grades (e.g.,
Bustamante et al., 2018; Ravanis, 2017; Trundle & Sagkes, 2015). While the Next Generation
Science Standards (NGSS Lead States, 2013) and Framework for K-12 Science Education (NRC,
2012) were written to apply to grades K-12, and did not encompass preschool/pre-K, important
research and policy documents have since discussed how core instructional concepts addressed
in these documents could be translated to the pre-K level (e.g., NASEM, 2022; 2023) and have
further elaborated on specific considerations for standards-aligned science teaching in the pre-K
through early elementary grades (NASEM, 2022). Frameworks and standards for science
learning have been adopted by numerous state pre-K programs (Friedman-Krauss et al., 2022).
Additionally, the Head Start program, the major U.S. federal preschool program that serves

children from low-income backgrounds, has defined a developmental progression and learning
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indicators for preschoolers in scientific reasoning (U.S. Department of Health & Human
Services, 2015).

This interest in young children’s science learning has also catalyzed numerous new
research studies evaluating the impacts of innovative early childhood science curricula and
classroom interventions on student learning. However, these programs may vary in their
efficacy.

In the current study, we conducted a comprehensive meta-analysis to examine the
impacts of early childhood science educational interventions on children’s science achievement.
We also examined effects on children’s literacy and SEL outcomes, which are beneficial both for
future performance in science coursework and for academic and career attainment (NRC, 2014),
and on teacher-level outcomes, which are critical for understanding how interventions achieve
their effects. We further sought to identify factors that predict variations in interventions’
impacts on children’s science learning.

Prior Research Synthesizing the Results of Science Classroom Interventions

Several informative prior studies have reviewed the empirical literature on the impacts of
science classroom interventions. For example, evidence from several reviews points to the value
of active learning in PD as well as specific pedagogical tools (e.g., questioning, assessment,
instructional technology, and collaborative learning) for bolstering programmatic outcomes in
science education (Savelsbergh et al., 2016; Schroeder et al., 2007; You et al., 2024). Some of
these conclusions are limited by reviewers’ inclusion of pre-post studies, which generate biased
findings because such designs cannot distinguish intervention-induced growth from score
increases associated with the passage of time as children mature (Campbell, 1957). Regarding

measurement, Taylor et al. (2018) identified a link between science interventions’ impacts and
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outcome measure type, finding that impacts tended to be larger on researcher-developed
assessments as compared to standardized assessments, a common finding in the education
literature more generally (e.g., Hill et al., 2008).

Because these reviews relied primarily on studies conducted with older students, this
limits the translation of results to science classroom interventions serving the youngest learners.
To illustrate this problem, Slavin et al.’s (2014) review of elementary science interventions’
impacts on students’ learning contained only two studies conducted with children who were first
graders and younger. In related reviews, Lynch et al. (2019) found only seven studies within this
age range, You et al. (2024) found two, and Estrella et al. (2018) found two. Other useful
reviews about teacher coaching (Kraft et al., 2018), mathematics and science teaching
(Savelsbergh et al., 2016), inquiry-based science instructional methods (Furtak et al., 2012), and
teacher professional development programs (Kennedy, 2016) contained no studies conducted
with students below grade 2. Hence, much more could be understood about the efficacy of early
childhood science educational interventions, and the factors more strongly producing positive
impacts on learning, via a review specifically and exclusively focused on the youngest learners.
Focusing on the Efficacy of Classroom-Based Educational Interventions for Science
Learners at the Youngest Grade Levels

It is unclear whether we should expect the same characteristics found to predict positive
science outcomes for older students to also apply for young children. Commonly, participants
and features of science educational interventions such as the students, their teachers, the
materials, and the assessments are expected to differ in important ways between the early grades
versus older grade levels. For example, compared to older students, young children in grades

pre-K-1 are more likely to be pre-readers or early readers, which means learning science content
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cannot rely on text reading. Science assessments for young children are less likely to consist of
written, group standardized tests, and more likely to comprise task-based assessments, scored
interviews, and assessments administered one-on-one (Greenfield, 2015). Teachers at the
youngest grade levels also tend to have different kinds of training and preparation compared to
their counterparts teaching in the upper grades (NASEM, 2022), and specifically, they may have
been provided with different forms of science education-related professional learning
experiences compared to those provided to teachers of older students. Given these various
factors, it is important to know whether particular features of science educational interventions
may predict better outcomes specifically in early childhood settings.
Method

Defining the Studies of Interest

We defined the interventions of interest for the current study as educational programs
conducted with teachers and children in classroom settings that were meant to bolster children’s
science and/or engineering learning. The interventions that we identified in the literature all
aimed to achieve this goal via one of the following active ingredients: (1) the implementation of
PD for teachers, (2) the introduction of new science-related curriculum materials to classroom, or
(3) both of these components.?

We applied the following criteria to determine studies’ inclusion in the meta-analysis.
First, interventions must have been conducted in classroom settings. This definition excluded

lab-based studies, as well as interventions conducted in camps or other non-classroom settings.

2 We note that we refer to the interventions we are studying in this meta-analysis as classroom-based educational
interventions, not ‘PD interventions’ or ‘curriculum interventions,” because while all interventions aimed to change
the classroom instruction that children experienced in early childhood science, not all interventions contained PD,
nor did all interventions involve the introduction of new curriculum materials. In particular, three studies’ active
ingredients did not include PD for teachers (i.e., curriculum-only studies), while six studies’ active ingredients did
not include the introduction of new curriculum materials for use in the classroom (i.e., PD-only studies). We use the
terms ‘interventions’ and ‘programs’ interchangeably in this article.
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Second, we required that the samples include students and/or teachers at the preschool/pre-K,
kindergarten, or first grade levels. This grade span was aligned with the samples employed in a
number of the early science intervention studies we identified in the literature. Third, included
studies had to compare a treatment group’s performance against that of a control/comparison
group that did not receive the intervention. Fourth, the study had to supply adequate empirical
information to compute at least one effect size. Fifth, the study had to be a classroom-level
intervention delivered by classroom teachers. Interventions that were led by individuals other
than classroom teachers (e.g., research staff) were excluded. The study must also have been
published in 2002 or later. This search period is similar to that of the What Works Clearinghouse
(WWC), which typically does not review studies that are more than two decades old due to their
lack of applicability to contemporary educational conditions (WWC, 2014). Lastly, the study
must have evaluated the impacts of an educational program; studies that only examined the
manipulation of a variable (e.g., brief psychology studies on variables’ effects; see Slavin, 2008)
were excluded.
Literature Search

We conducted a systematic search for both published and unpublished (i.e., grey
literature) studies via the following channels. We began by performing electronic searches of the
databases Academic Search Premier, EconLit, ERIC, Proquest Dissertations & Theses, and
PsychInfo. To develop search keywords, we began with those used in a prior meta-analysis on
STEM educational interventions (Lynch et al., 2019), adapting the keywords to reflect a specific
focus on early childhood science, and drawing on prior research to develop these adaptations
(e.g., Estrella et al., 2018; Garrett et al., 2019; Taylor et al., 2018). We next hand-searched the

reference lists of prior reviews. We also searched the abstracts of grant awards made by IES and
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NSEF relating to early childhood science education, and conducted web searches for publications
and presentations resulting from these awards.? We also conducted targeted web searches of the
websites of the WWC, Regional Education Laboratories, NBER, MDRC, AIR, RAND, Harvard
Center on the Developing Child, Mathematica, and the Society for Research on Educational
Effectiveness (SREE), and additionally searched Google Scholar for further studies conducted by
authors active in the field. After the removal of duplicates, these searches yielded 3,991 records.
Screening Procedures

We conducted study screening in two rounds. In Round 1, for each record identified in
the literature search, two screeners reviewed the title and abstract for basic relevance criteria.
Many off-topic studies, for example, studies conducted at older grade levels or in lab settings,
were excluded at this stage. A total of 171 studies passed this screening round and moved
forward to a full-text screen. In Round 2, we read the full text of each of these studies to
determine whether the full inclusion criteria were met, including the inclusion of data to permit
calculating one or more effect sizes. Once we identified at least one exclusion reason for a study,
the study was discarded. A total of 33 reports containing information on 31 studies, 29 of which
included student-level outcome measures, passed Round 2 screening and were included in the
meta-analysis. A PRISMA diagram documenting the flow of studies is shown in Figure 1.
Potential Moderators of Early Science Educational Interventions’ Efficacy

In order to develop analytic codes for meta-analytic moderator analysis, we began with a
codebook developed by Lynch et al. (2025) for their review on STEM classroom interventions,
adapting it and adding new codes based on existing early childhood and science intervention-

specific literature (e.g., NASEM, 2022; Taylor et al., 2018; Xie et al., 2015) to reflect the current

* We note that searching grant abstracts is not commonly done in educational meta-analyses. However, we searched
these sources as a supplement to the primary grey literature streams we examined (following Lynch et al, 2019).
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review’s specific focus on early childhood science. For our final codebook, we identified a
parsimonious set of potential moderators of programmatic impact for which to conduct
moderator analyses. We describe the variables included in the analysis below. See Tables 1 and 2
for descriptive information about the study moderators.

Methodological, Publication, and Contextual Features

The first set of moderators relate to studies’ methodological and publication features.

Publication Type. First, we coded for publication type, denoting whether the article was
peer-reviewed. Effect sizes may be expected to be larger among peer-reviewed studies as
compared with studies that were not peer-reviewed, for example, if journal editors or reviewers
display a bias in favor of larger effect sizes in the peer review process (Cooper et al., 2019).

Study Methodology. We classified studies by whether they employed a randomized
experimental design or a quasi-experimental methodology. Prior research indicates that effect
sizes in education research tend to be smaller in randomized trials than in non-RCTs (e.g.,
Cheung & Slavin, 2016).

Attrition. We also coded studies for whether they reported differential attrition (i.e., of
greater than 10%) between the treatment and control groups (WWC, 2022), given its potential to
affect validity in experimental research.

Assessment Type. We coded for assessment type by classifying each measure as
standardized or researcher-developed. Effect sizes may be expected to be larger among outcomes
measured with researcher-developed assessments, as they are generally more directly aligned
with the program being investigated (e.g., Hill et al., 2008; Kraft, 2020).

We further coded for three variables relating to studies’ settings and samples.

Grade Level. First, given that the efficacy of educational interventions may vary by the
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grade level of students served (Kraft, 2020), we captured the grade level of the sample,
operationalized using a dichotomous indicator indexing whether outcomes were measured for
students in preschool/pre-K versus for those in kindergarten or grade 1.

Setting Urbanicity. We coded for whether studies were conducted in urban settings or in
suburban, rural, or mixed settings, reflecting the fact that the geographical context of schools
could influence the kinds of resources available for implementing interventions (WWC, 2021).

Poverty. Lastly, setting poverty level can also affect the conditions and resources in
place to support interventions’ implementation (WWC, 2021). We thus coded for whether the
intervention was implemented in a high-poverty setting, classified using a dichotomous indicator
indexing whether a majority of students (50% or more) in the sample were categorized as
eligible for a free or reduced price school lunch or otherwise defined as low-income.
Programmatic Characteristics

The second category of moderators comprise programmatic characteristics. Of these, the
first set are programmatic foci of the interventions.

We began by examining several moderator variables aligned with core facets of the NRC
(2012) Framework. The Framework presents a vision of science proficiency as emanating from
learning that occurs at the nexus of the three dimensions of (1) science and engineering practices
[SEPs], (2) crosscutting concepts, and (3) disciplinary core ideas (NRC, 2012; see also NASEM
et al., 2023). The practices dimension is discussed below. The crosscutting concepts are
“concepts that bridge disciplinary boundaries, having explanatory value throughout much of
science and engineering” (NRC, 2012, p. 83). The Framework identifies seven crosscutting
concepts: (1) patterns; (2) cause and effect: mechanism and explanation; (3) scale, proportion,

and quantity; (4) systems and system models; (5) energy and matter: flows, cycles, and
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conservation; (6) structure and function; and (7) stability and change. Finally, the disciplinary
core ideas are classified into physical sciences, life sciences, earth and space sciences, and
engineering, technology, and applications of science.

We first examined the potential moderating roles of interventions’ foci on practices and
crosscutting concepts separately, then explored the role of a joint focus on all three dimensions.

Focal Activities and Practices for Children. We note that the NRC (2012) Framework
and the NGSS (NGSS Lead States, 2013) cover grades K-12 yet were not explicitly written to
apply to pre-K. This is most relevant for the “practices’ dimension (NASEM, 2022), as the forms
of science learning practices in which the youngest learners can productively engage may be
expected to vary from those for significantly older students. Because a number of studies in our
sample included pre-K children, we addressed this by coding for interventions’ focus on
practices in two different ways (described below). To preview the findings, regardless of which
of these variables is used in the analysis, the results are similar.

First, as our primary measure of practices, we categorized interventions by the breadth
with which the intervention addressed science- and engineering-related activities of investigation
and design for young learners, as defined by NASEM (2022). Specifically, NASEM (2022)
identified five forms of activity of investigation and design in which children of preschool
through elementary age can beneficially engage which are connected to the kinds of work that
scientists and engineers do and the science and engineering practices (SEPs) identified in the
Framework (NRC, 2012). These forms include (a) orienting to phenomena and design
challenges; (b) gathering and analyzing data and information; (c) constructing explanations and
design solutions; (d) communicating reasoning to self and others; and (e) connecting learning

across content areas and contexts (NASEM, 2022). Each intervention was coded (on a scale from

10
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0-5) for the number of these forms of activity on which the program focused.

Secondly, as a secondary measure of practices and as a sensitivity check, we categorized
interventions by the breadth with which the program addressed the science and engineering
practices (SEPs) defined in the NRC (2012) Framework. As defined in the Framework, the SEPs
are types of activities that scientists and engineers engage in as they investigate and make sense
of the natural and designed world. The Framework outlines eight practices: (1) asking questions
and defining problems; (2) developing and using models; (3) planning and carrying out
investigations; (4) analyzing and interpreting data; (5) mathematics and computational thinking,
(6) constructing explanations and defining solutions; (7) engaging in argument from evidence,
and (8) obtaining, evaluating, and communicating information. Each intervention was coded (on
a scale from 0-8) for the number of SEPs on which the program focused.

Crosscutting Concepts. Next, to capture interventions’ focus on crosscutting concepts,
we categorized interventions according to whether or not they included a focus on at least one of
the seven crosscutting concepts identified in the Framework (listed above) (NRC, 2012). This
focus could be either explicitly stated or evident from the program elements.

Content Literacy. Additionally, we categorized interventions by whether they focused
on developing students’ content literacy. We operationalized content literacy interventions as
those that aim to integrate domain content knowledge development (here, in science) into
literacy instruction (e.g., NRC, 2014; Snow et al., 1998). Such interventions have garnered
research attention due to their potential to bolster children’s acquiring of skills in core domains
of reading and vocabulary while simultaneously helping students connect newly learned science
concepts with their existing knowledge base, hence building comprehension of academic content

1n science.

11
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Duration of Curriculum Exposure. Programs also vary in the amount of time that
children were intended to be exposed to the program’s curricular activities. Duration of
curriculum exposure may matter given the range of evidence suggesting that time on task is
related to content learning (Stronge et al., 2011). We began by computing, for each program, the
total minutes that children were intended to be exposed to the program curriculum. We then
created a dichotomous indicator indexing whether children’s intended dosage of the program
curriculum was above the median dosage in the study sample (25 hours). As a sensitivity check,
models were refit using the continuous dosage hours indicator; results are similar.

We also examined three moderators relating to features of the professional development
provided to teachers (if any) as part of the intervention.

PD Duration. First, among programs that provided teacher PD, the duration of the PD
experiences offered to teachers varies in terms of contact hours. Longer PD duration could
translate into more ‘time on task’ for teacher learning about early childhood science content,
pedagogical practices, and curricula (e.g., Desimone, 2009), which could in turn catalyze richer
learning experiences offered to students. On the other hand, lengthy PD duration could
conceivably be unnecessary or even counterproductive, for example if extra time is not spent in
the service of improving science instruction (Garrett et al., 2019; Kennedy, 2016).

PD Focus on Content Knowledge and/or Pedagogical Content Knowledge. Second,
PD may or may not include a focus on enriching aspects of teachers’ science content knowledge
and/or pedagogical content knowledge. Because pre-service education for early grades teachers
tends to focus heavily on literacy and numeracy skills (Gotwals et al., 2025; NASEM, 2022),
providing teachers with more opportunities to deepen facets of their science-related knowledge

may bring affordances as this enhanced knowledge is activated in instruction (NASEM, 2007).

12
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Coaching and/or Mentoring of Teachers. Third, teacher PD may or may not include
coaching or mentoring of teachers. Coaches can potentially strengthen teachers’ uptake of
instructional interventions by observing instruction, providing feedback, and/or helping teachers
to troubleshoot intervention implementation issues as they arise (Desimone & Pak, 2017;
Gibbons & Cobb, 2017). Prior research at the K-12 level suggests that instructional programs
that included coaching as a core element of the PD model tended to have stronger impacts on
student achievement compared with those that lacked this element (Kraft et al., 2018), albeit very
little of this research has been conducted in early grades science.

Lastly, we conducted one non-pre-specified exploratory analysis. This analysis aimed to
explore whether interventions that attended to the three-dimensional nature of science learning
(NRC, 2012) tended to have larger effects on children’s science achievement outcomes
compared to interventions that did not have this feature. To operationalize this focus, we
categorized each intervention using a dichotomous variable that indexed whether the intervention
included foci on all of the three dimensions of (1) NASEM activities (i.e., as our age-specific
indicator of practices); (2) crosscutting concepts; and (3) disciplinary core ideas. We then refit
the moderation models including this variable.

Coding Procedures

Coding was conducted by the study authors, all of whom hold doctorates in education
and have expertise in science education and/or evaluation and research methodology. We first
underwent a calibration procedure, coding studies independently. Once all authors reached an
inter-rater agreement threshold of above 80% agreement, all studies were double-coded by two
study authors working independently, who then reconciled all discrepancies via discussion.

Analysis

13
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We calculated Hedges’s g effect sizes for each impact estimate reported in the included
studies, applying the small-sample bias correction where necessary. Where available, we used
model-based estimates of the standardized mean difference as reported by study authors.
Otherwise, we calculated standardized mean differences using available test statistics and/or
group means and standard deviations.

Meta-Analytic Modeling Approach

We fit correlated and hierarchical effects (CHE) meta-regression models using the
metafor package in R (Viechtbauer, 2010). This approach accounts for the nesting of multiple
effect sizes within each individual study and represents an advance over earlier robust variance
estimation (RVE) approaches in that it can accommodate meta-analytic data in the presence of
both correlated and hierarchical effects (Pustejovsky & Tipton, 2022). The CHE model assumes
that these multiple effect sizes are correlated at a constant rate (rho) that we specified as 0.80 in
primary models, following Tanner-Smith and Tipton (2014); we also test alternative values of
rho. These models also allow for the inclusion of covariates, which allow us to test for
moderating effects of research and intervention features. We report robust standard errors as
recommended in Harrer et al. (2021).

Our primary models are as follows. First, to examine overall pooled mean impacts of the
interventions, for each category of outcome variables (i.e., all student outcomes; all student
achievement outcomes; science achievement outcomes; literacy outcomes; SEL outcomes; and
teacher-level outcomes), we fit two models: one unconditional CHE model without covariates,
and a second CHE model including a control for study design. Next, to examine potential
moderators of interventions’ impacts on children’s science learning, following our pre-analysis

plan, we fit a series of models examining the relationship between each individual moderator and

14
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student science achievement outcomes. Lastly, we fit an omnibus model examining the joint
relationships between all moderators and student science achievement outcomes.

Results
Study and Intervention Features

In Table 1, we describe the features of the 31 studies included in this meta-analysis and
the samples of students they represent. Twenty-nine of the studies include student-level outcome
data, yielding a total of 173 impact estimates on student outcomes across multiple domains. The
remaining two studies include teacher-level outcomes only.

The majority of studies (71%) were peer-reviewed journal articles, and 19% were
conference presentations. Two studies were technical reports, and one was a book chapter.
Additionally, 77% of studies used randomized experimental designs, while the remaining 23%
employed quasi-experimental methodologies. Over half of the included studies (58%) were
conducted in urban settings; the remaining studies were conducted in suburban, rural, or a mix of
settings (29%) or did not provide sufficient information to categorize their urbanicity (13%).
Finally, 77% of the included studies were conducted with majority low-income samples, among
them 23% of studies that included Head Start preschool/pre-K samples.

Table 1 also includes descriptive information on the 173 included student-level effect
sizes. Just over half of effect sizes (53%) were derived from standardized assessments, and the
remaining 47% were derived from researcher-developed measures. Additionally, 54% of the
estimates were drawn from outcomes that assessed pre-K students; 26% came from outcomes
that assessed kindergarteners, and 25% came from outcomes assessing first graders (note that
students of multiple grade levels completed some assessments).

We report on programmatic features of the interventions in Table 2. All included

15
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interventions included science content, in line with the focus of the meta-analysis. Thirteen of the
included interventions also incorporated subject matter content in reading/ELA, while 6 studies
incorporated specific engineering content and 5 studies included subject matter content in
mathematics. Intervention content was coded as including a focus on disciplinary core ideas
relating to the domains of life science (k = 23 studies), Earth and space science (k = 13), physical
science (k = 20), and/or engineering, technology, and the applications of science (k = 6).

Table 2 also presents information on the potential moderating characteristics of the
interventions. Ten studies (32%) included a focus on content-area literacy. The median intended
duration of exposure to new intervention curriculum materials for the treatment group was 25
hours (mean: 41 hours). Additionally, in the included interventions, treatment teachers were
offered a median of 17 hours of program-related professional development (mean: 53 hours).
More than half (61%) of the studies included a focus on at least one of the seven crosscutting
concepts identified in the Framework for K-12 Science Education (NRC, 2012), whether
explicitly stated or evident from the program elements. The studies focus on an average of 3.2 of
the five forms of activity of investigation and design identified in NASEM (2022). Coaching or
mentoring for teachers was provided in 42% of interventions, while 26% of interventions
included PD that contained an explicit focus on deepening aspects of teachers’ science and/or
engineering-related content knowledge and/or pedagogical content knowledge.

Overall Effects of Early Science Educational Interventions

We find that on average, classroom-based educational interventions focused on early
childhood science produced positive pooled mean effects on student outcomes. Table 3 presents
the main analytic results for several different sets of effect sizes. First, we consider all 173

student-level effect sizes from the 29 studies with student outcome data, pooled across impact
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domains. Then, we fit models to examine interventions’ impacts specifically on student
achievement (using 142 of these effect sizes). Finally, we fit models examining interventions’
impacts on science achievement and on literacy achievement separately. Twenty-eight studies
contributed 75 science achievement effect sizes, and twelve studies provided 46 reading
achievement effect sizes. For each set of outcomes reported, we present results from two
different models. The first model is unconstrained, and pools results across all effect sizes and
research designs in the relevant category. The second model includes a control for study research
design, so that the intercept represents the pooled mean impact for randomized controlled trials.

Considering all student outcome domains together (Table 3, first two columns), we find
that classroom-based science interventions increased student outcomes by an average of 0.25
standard deviations (p <.001). As shown in the model controlling for research design, the pooled
mean impact among RCTs is 0.13 SD (p <.001). Table 3 (second two columns) shows the
results when restricting the analysis to student achievement outcomes only. Among achievement
outcomes, the pooled mean impact is 0.27 SD (p <.001) overall, and 0.14 SD (p <.001) for
RCTs. Lastly, the final two sets of models in Table 3 show impacts on science achievement and
on literacy achievement, respectively. We find a pooled mean impact on science achievement of
0.33 SD (p <.001) overall, and 0.19 SD (p <.001) among RCTs. Meanwhile, among studies that
also measured impacts on literacy outcomes, we found a pooled mean impact on literacy
achievement of 0.17 SD and 0.14 SD in the unconstrained model and the model controlling for
study design, respectively; both of these effects are marginally significant (p <.10).
Moderation Results: Study Methodological, Publication, and Contextual Factors

In Table 4, we show the results of fitting a series of models that examine the extent to

which effect size magnitudes for science achievement outcomes were associated with study
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methodological, publication, or coded contextual factors.

While we find that, on average based on the unconstrained models, effect size
magnitudes tended to be larger among peer-reviewed studies and for outcomes that were
measured with researcher-developed (as opposed to standardized) assessments, these differences
were only marginally significant. Once we controlled for whether the study was an RCT, the
only difference that remained marginally significant was that for assessment type. None of the
other study methodological, contextual, or publication features that we examined, including
participant grade level, attrition level, setting urbanicity, or sample poverty level, were
significantly associated with effect size magnitudes in any of the models.

Moderation Results: Programmatic Moderators

Table 5 displays the results of fitting a series of CHE models investigating the extent to
which interventions’ programmatic features moderated estimated impacts on science
achievement. We first fit a series of individual models that examined the association between
interventions’ inclusion of each programmatic feature and effect size magnitudes separately. All
models control for research design, so the intercepts represent the pooled mean effect among
RCTs without the associated feature. We then fit an omnibus model that investigated all
programmatic moderators jointly, allowing us to estimate the association between the presence
of each feature and effect size magnitudes, controlling for the other features.

Among the individual models, we found that programs that provided teacher PD of a
duration longer than the sample median (i.e., 17 hours) tended to have smaller impacts on
children’s science achievement (a difference of 0.20 SD; p < .05), as compared with programs
that provided shorter-duration or no PD. However, this association was not significant in the

omnibus model. As a sensitivity test, we refit these models using a continuous indicator for hours
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of PD duration (see SOM Table S2); this indicator was not significant in either model.

Among the remaining programmatic variables for which we coded, none were
significantly associated with effect size magnitudes, for either the individual or omnibus models.
More specifically, we did not find significant differences in interventions’ pooled mean impacts
by the programs’ presence of a focus on crosscutting concepts, science/engineering investigation
and design activities, content literacy focus, the inclusion of coaching/mentoring, emphasis
within the PD on subject matter and/or pedagogical content knowledge development in teachers,
nor students’ intended exposure time to the program’s curricular activities.

Can We Detect Impacts on Teacher Outcomes and/or Children’s SEL Outcomes?

While our primary focus was on academic achievement, our dataset also allowed us to
explore impacts on teachers’ outcomes and on children’s SEL outcomes. Eight studies, all RCTs,
contributed 44 teacher outcome effect sizes, and eight studies contributed 28 effect sizes for
child-level SEL outcomes (e.g., social skills, academic motivation, and persistence).

These results are shown in Table 6. On average, interventions improved teacher outcomes
by 0.89 SD (p <.001). A subset of these estimates (n = 30 effect sizes) were observational
measures of classroom instruction (as opposed to beliefs, attitudes, or knowledge). We found a
pooled mean impact estimate of 0.94 SD (p <.001) on classroom instruction. Other categories of
teacher outcome variables contained too few effect sizes to permit separate analyses.

The second set of models shows impacts on students’ SEL outcomes. Pooled mean
impacts on SEL outcomes are positive in sign (0.24 SD, unconstrained model; 0.12 SD,
controlled model); the pooled effect was statistically significant (p < .05) in the unconstrained
model only. However, we note that the number of studies that contributed outcomes in this

category is small; hence power to detect significant effects is limited.
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Additional Sensitivity Checks and Publication Bias Analysis

We conducted several analyses to test the sensitivity of the findings to the inclusion of
individual studies, analytic decisions, and potential publication bias.

First, we conducted two sensitivity checks relating to the moderator analyses. As
described above, we refit all moderation models using the number of SEPs rather than the
number of activities of investigation and design. The pattern of findings is similar. Next, as an
exploratory analysis, we categorized each intervention using a dichotomous variable that indexed
whether the intervention attended to the three-dimensional nature of science learning by
including foci on all of the three dimensions of NASEM activities; crosscutting concepts, and
disciplinary core ideas. We then refit the moderation models including this variable. The point
estimates in both the bivariate and omnibus models are positive but not statistically significant
(see SOM Table S3). In sum, these checks did not alter our primary conclusions.

Second, to check that no individual study was driving the identified positive effects, we
conducted a leave-one-out robustness check (similar to StataCorp, 2021), in which we
sequentially dropped each individual study in the sample, and then re-analyzed the data for
science achievement effects using the CHE model. In all iterations of this check, the pooled
mean science achievement impact estimate was positive, statistically significant, and between
0.23 and 0.35 SD, and between 0.17 and 0.21 SD when controlling for research design. Next,
because CHE models require specifying the assumed correlation coefficient between effect sizes
from the same study, we tested the sensitivity of the primary findings to alternate values of the
correlation coefficient. As shown in Table SOM S4, across a range of values between 0.2 and
0.9, the pooled mean effect on science achievement, among RCTs, is consistently between 0.19

and 0.21 standard deviations (p <.001).
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Finally, we conducted several checks to assess the extent to which our findings might
have been influenced by publication bias. As we showed in Table 4, we fit models to examine
whether peer-reviewed studies tended to show larger effects compared to non-peer-reviewed
studies. We found that there was not a statistically significant difference in pooled mean effects
by peer review status after controlling for study methodological design.

Second, we conducted a ‘trim and fill” analysis (Duval & Tweedie, 2000) in order to test
for the potential presence of missing studies from the meta-analytic dataset which would have
been expected to have been observed under the assumption of a symmetrical distribution of
effects. We conducted trim and fill analyses separately at both the study level and the effect size
level. At the effect size level, the analysis identified no ‘missing’ results that warranted
imputation. At the study level, we identified only one ‘missing’ study-level aggregate effect
among the SEL outcome sample; imputing this value does not change the pooled mean SEL
outcome estimate. No ‘missing’ study-level aggregate effects were identified for science
achievement outcomes, our primary outcome domain of interest.

Lastly, Egger’s test is a regression-based approach that further investigates whether there
is sufficient evidence to suggest the presence of publication bias (Egger et al., 1997). Because
Egger’s test has inflated Type I errors with continuous outcomes and in the presence of
hierarchical effects (Pustejovsky & Rodgers, 2019; Rodgers & Pustejovsky, 2020), we conduct
two modified versions of the Egger’s test to test for asymmetry in the distribution of effects on
science achievement (see SOM Table S5). First, we aggregate results to the study level and
regress the study average normal standard deviation, i.e., the mean effect size divided by the
mean standard error, on the inverse of the study mean standard error. The results indicate no

evidence of publication bias. Second, we include the standard error as a moderator in a meta-
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analytic model, implemented with robust variance estimation as recommended by Rodgers and
Pustejovsky (2020). Again, we fail to reject the null hypothesis at the p < .05 level. Taken
together, the completed tests show little indication that the primary findings are being driven by
publication bias, supporting the robustness of our summary conclusions.

Discussion
Overall Effects of Classroom Interventions Focused on Early Childhood Science

In sum, we found that early childhood science educational interventions of the types
examined in the meta-analysis had positive mean effects on children’s science achievement
outcomes. The pooled average effect on science achievement was +0.33 SD. Using a calculation
to convert effect sizes to more easily interpretable forms (Lipsey et al., 2012), this effect size
translates to a scenario in which a typical student in the treatment group in an early childhood
science educational intervention would be expected to rank at approximately the 63th percentile,
as compared with a typical control group student who ranked at the 50" percentile. Among
studies that used randomized experimental designs, the pooled mean effect size on science
achievement was +0.19 SD. Applying Kraft’s (2020) benchmarks for effect size magnitudes in
causal research on educational interventions, this would be considered a ‘medium’ effect.

The overall findings suggest that early childhood science interventions of the kinds
evaluated were generally robust enough to induce a treatment contrast with typical science
instruction at the grade levels we examined. Importantly, under typical conditions of the kinds
likely experienced by the control groups, pre-K through first grade teachers receive little
curricular support on providing science instruction in ways that are developmentally appropriate
for young children and that are aligned with inquiry-centered pedagogical models (Davis et al.,

2006; NASEM, 2022). In fact, Plumley (2019) found that 49% of elementary teachers frequently
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used science materials from internet sources such as Teachers Pay Teachers, which may or may
not be high-quality, standards-aligned materials. Thus, teachers in typical control classrooms
may have been expected to be using lower-quality instructional materials as compared to
teachers receiving study treatments, contributing to a meaningful difference in treatment and
control children’s opportunities to learn science. The current findings, including the subset from
randomized trials whose designs support causal inference, suggest that improving children’s
science learning outcomes in the early grades by intervening at the classroom level is possible.

At the same time, it is important to note that the types of early science educational
interventions that tend to be evaluated in the literature using experimental and quasi-
experimental methods are generally fairly intensive and deliberately aligned with research on
how young children learn science. The programs evaluated in the meta-analysis offered teachers
a median of 17 hours of PD, intended to expose children to a median of 25 hours of new
curriculum, and focused on 3.2 of the five standards-aligned NASEM (2022) activities of
investigation and design for young learners. By contrast, typical PD offered in schools tends to
be of short duration, of variable quality, and may or may not be focused on research-based
instructional practices (Hill et al., 2019; NASEM, 2022), As such, similar to other reviews (e.g.,
Garrett et al., 2019; Kraft et al., 2018) the findings imply that relatively intensive programs of the
types that have undergone research evaluations tend to have positive effects, but these results do
not necessarily generalize to other kinds of programs. We agree with others (e.g., Hill, 2004) that
more research on commonly-implemented programs would enrich the literature.
Evidence for Moderators of Program Impacts on Science Achievement

We also sought to identify factors that predicted differences in programs’ impacts. We

initially hypothesized a number of potential moderators as predictors of program impacts, yet
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most of the variables we examined were not significantly related to effect size magnitudes.
Rather, it appears that a wide variety of different kinds of programs can be effective at improving
early childhood science learning outcomes, including those implemented in a range of settings
and with and without each of the examined programmatic foci and teacher PD features.

The one examined programmatic moderator that was significantly related to effect size
magnitudes for children’s science achievement in the individual models was teacher PD contact
hours above the median, and this relationship was negative. However, this association was not
significant in the joint model. While a lack of a positive association between PD contact hours
and student achievement outcomes may seem counterintuitive, given that more time spent on
professional learning could reasonably be expected to lead to stronger teacher familiarity with an
intervention and skill with its implementation (e.g., Desimone, 2009), several reviews have not
found a clear association between PD duration and intervention impacts (e.g., Garrett et al.,
2019; Lynch et al., 2019). One possibility is that PD duration may tend to be related to the
complexity of the work that interventions require teachers to do (Garrett et al., 2019). Shorter PD
programs may tend to focus on narrower instructional goals, and these programs may in turn be
effective at helping students improve on more constrained, yet useful sets of outcomes (Garrett et
al., 2019). At the same time, the median duration of the PD offered to treatment teachers in the
interventions was 17 hours long, and many of the “below-median” offerings were still several
hours. This is likely much longer than the norm for science PD offered to early grades teachers
under typical conditions in schools. Thus, the pattern of findings we observed may not hold for
the kinds of lower-intensity PD programs more commonly offered in schools.

An important concern from a STEM workforce perspective is improving science

achievement in high-poverty settings, where students are at heightened risk for exiting the STEM
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pipeline and where opportunities to learn science have historically been constrained (e.g., NRC,
2007; NASEM, 2022). As one point of comparison, the magnitude of the science achievement
gap between kindergarteners at roughly the 90" versus 10™ percentiles of family income has
been estimated at 1 SD (Curran, 2017). For the current meta-analysis, more than three-quarters
of the studies that we identified in the literature were implemented in settings in which more than
half of participating children were low-income. The moderator analysis results suggested that
educational interventions to support early science learning did not differ significantly in their
efficacy by sample poverty level. This finding is promising, suggesting that interventions can
bolster early science achievement, including in settings serving predominantly low-income
children who are important constituents of early childhood interventions. We did not observe
significant differences in effect size magnitudes by urbanicity of the study setting nor participant
grade level, however, most studies were conducted in urban settings. The evidence base on
interventions conducted in rural, suburban, and mixed settings is relatively small. More research
in these localities could inform our understanding of how local policy and resource environments
outside of cities may influence programs’ efficacy (e.g., Hill et al., 2023).
Effects on Teacher Outcomes and on Children’s Literacy and SEL Skills

Although the number of studies that reported this information was relatively small, there
is suggestive evidence of positive effects on students’ literacy and SEL outcomes, and on
teacher-level outcomes, including classroom instruction. Regarding teachers, the findings
suggest that these interventions had positive pooled mean effects on teacher-level outcomes
(+0.89 SD; k = 8). The pooled mean impact of early science interventions on measures of
classroom instruction (+0.94 SD, k = 7) is larger in magnitude than the pooled mean impacts of

science PD interventions found in other recent meta-analyses that included mostly studies
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conducted with older students (Kowalski et al., 2020, +0.34 SD; Lynch et al., 2025, +0.47 SD).
One potential explanation for these findings is that early childhood teachers in control groups
would typically be expected to have less exposure to training opportunities in science teaching
methods during their preservice and in-service education as compared with their colleagues at
the older grade levels (e.g., Barenthien et al., 2020) and thus new PD and curriculum
interventions may introduce a particularly substantial treatment-control contrast for in-service
teachers in the early grades. The number of studies that reported this information was small,
hence caution is warranted in interpretation. However, the findings are consistent with a scenario
in which early childhood educators’ science instruction was malleable when teachers were given
a variety of resources to help them improve, a promising finding that warrants future research.

There is also suggestive evidence about the potential for early science interventions to
improve literacy outcomes alongside science learning, a possibility that is encouraging given that
is has been of significant interest to the field (e.g., NRC, 2014). Among the twelve studies that
examined literacy outcomes, the pooled mean impact estimate was 0.17 SD. Most, albeit not all,
of the studies that measured literacy outcomes evaluated content literacy interventions.

Also encouragingly, the findings shown in Table 5 suggest that content literacy
interventions also had positive mean impacts on science-related outcomes, in addition to the
observed positive impacts on literacy. At the same time, the science-related skills targeted by
content literacy interventions were often primarily, albeit not exclusively, a subset of skills that
overlapped with literacy (e.g., science vocabulary, argumentative writing in science). Such skills
are clearly quite important; at the same time, they encompass a partial subset of the full range of
science-related skills that are posited in policy and standards documents to be valuable for young

children to develop (e.g., NASEM, 2022; U.S. Department of Health & Human Services, 2024).
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As such, early science content-literacy interventions of the kinds evaluated in the experimental
and quasi-experimental research appear to be effective on average at improving the outcomes
they are targeting, but children may benefit from participating in such interventions alongside
opportunities to engage in other kinds of science learning, such as those that focus on SEPs,
crosscutting concepts, and/or activities of investigation and design, in order to meet the full range
of goals set out in early science learning standards.

While the number of studies that reported information on impacts on SEL outcomes was
small, the pooled mean effect was positive (0.24 SD; k = 8), suggesting that early science
programs can potentially foster SEL skills alongside science learning. SEL skills are of growing
policy interest given the contemporary state of children’s mental health (NASEM, 2023) and
concerns about children’s increasing difficulty regulating their behavior in ways necessary to
maintain academic progress (e.g., Peetz, 2025). The included SEL outcomes ranged from
measures of competence motivation and reading motivation to social skills. Given their
importance, we urge future studies to report SEL impacts. Instructional approaches that target
both science and SEL skills simultaneously also warrant experimentation (Garner et al., 2018).
Strengths, Limitations, and Future Opportunities for the Field

The current study findings indicate fruitful future opportunities for the field. First, like
most meta-analyses in education research (e.g., Lynch et al., 2019; Scher & O’Reilly, 2009),
study reports did not include all of the information we needed to conduct some analyses of
interest, suggesting steps the field could take in the future to improve primary study reporting. In
our moderator analyses, only one moderator was found to be significantly related to effect size
magnitudes (i.e., PD duration below the sample median), and only in the individual model;

however, measurement error could have contributed to this result. This is because information
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about some moderators of interest could only be weakly inferred from the study reports due to
descriptions of intervention content that were lacking in detail (Lynch et al., 2025). Future
studies would benefit from more consistent and detailed reporting of intervention content and
experiences for both the treatment and control groups, in line with those recommended in
recently-developed reporting standards for classroom interventions (Hill et al., 2025). Among
these details we recommend that study authors report on the extent to which their intervention
focused on crosscutting concepts; activities of investigation and design and/or SEPs (as
appropriate for the sample); and disciplinary core ideas (NASEM, 2022; NGSS Lead States,
2013), as well as details of any teacher PD provided. With regard to any instructional coaching
provided as a component of teacher PD, Kraft et al. (2018) recommend that study authors
consistently report the coaching theory of action, dosage, and coach background and expertise.

There also appear to be interesting possibilities for more specific reporting in future studies
on how school personnel interpreted and engaged with the new early grades science programs,
both individually and collectively, and how school and district contexts may have influenced
programs’ implementation. Schools adapt to internal changes and external influences. Adding a
new science program is much more than inserting a new module. There are potential ripple
effects that range from individual staff members’ uptake or resistance to the program, to
alignment versus conflicts with other features of the school’s program and culture. This
complexity shapes the impact and durability of any program introduced to a school (Koh &
Askell-Williams, 2021). For example, without more details in study reports, it is unclear how
the approaches that school and program leadership took to programs’ implementation may have
interacted with schools’ cultures and organizational climate among teachers.

We concur with others (Desimone & Pak, 2017; Hill et al., 2023; Hill et al., 2025; Lynch et
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al., 2019) in recommending that study authors report on contextual factors relevant to the study
setting that could be expected to influence the intervention’s effectiveness, such as resources
provided for the intervention by schools and districts; teachers’ background knowledge,
experience, and attitudes; school climate; school and district leadership support for the
intervention; and conflicting or competing initiatives. The field would also benefit more mixed-
methods studies that include qualitative observations, surveys, and interviews, to unpack the
leadership and school context mechanisms that affect implementation (e.g., Hill et al., 2023).

We also noted a paucity of studies in the literature on some topics of theoretical interest.
Among the intervention foci with small presence in the data were the inclusion of family
involvement; culturally relevant pedagogy or a social justice component; school partnership with
an external community institution; and specific content areas, such as early engineering. It was
not possible for us to model the effects of these features quantitatively due to their low
prevalence. However, these would be potentially interesting topics for future syntheses to
examine once a sufficient number of studies have been conducted that include these foci.

For example, only seven of the 31 experimental/quasi-experimental studies of classroom-
based interventions that we identified reported including a parent/family involvement element in
the program design. Because prior research and theory indicates that fostering strong mutual and
reciprocal partnerships between home and school can benefit a variety of children’s outcomes in
the early grades (e.g., Gonzélez et al., 2006; Krajcik et al., 2022), more research on early science
educational interventions that involve both teachers and parents/caregivers would be valuable.
Such work can focus researchers’ attention on the science learning assets that children bring to
school (e.g., Gunckel et al., 2024) and provide models that other researchers and practitioners

could adapt.
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A routine social policy fact is that the same type of intervention may be effective in some
settings, where it is a good match for the needs and skills of participants and for the structure and
resources of the local context, and less effective in others, where participant needs, the local
context, and the intervention’s structure or content are misaligned (Jacob et al., 2019). As such,
we initially hoped to examine impacts disaggregated by specific student demographic groups
(e.g., by baseline achievement, race/ethnicity, English language learners), but we did not find
enough studies with outcomes disaggregated by demographic designations to permit such
analyses. As argued by Hill et al. (2025), future studies could strengthen the evidence base by
presenting effect size information disaggregated for specific groups relevant to the local setting.

We concur with Greenfield (2015) in suggesting that the field consider more widely
adopting common assessments for early childhood science learning. We observed a marginally
significant difference in outcomes by whether standardized versus researcher-developed
measures were used; however, only eighteen effect sizes were derived from standardized
assessments, while 57 were derived from researcher-developed assessments. The development
and use of more common assessments has the potential to advance the field by defining shared
understandings of desired outcomes of early science interventions, and clarifying how different
kinds of programs are influencing outcomes on a common metric. Greenfield (2015) and
colleagues have made important strides with the development and refinement of the Lens on
Science tool. We also found that only a subset of studies reported information on interventions’
impacts on classroom instruction. More comprehensive reporting on instructional outcomes
could illuminate mechanisms by which early science educational interventions are achieving
their effects. A generative stream of work has designed classroom observation tools for assessing

early science instructional interactions (e.g., Greenfield et al., 2024; Kaderavek et al., 2015;
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Vitiello et al., 2019). Standardized assessments could be administered alongside researcher-
developed assessments, which provide valuable information about the specific outcomes targeted
by individual interventions. Making information about existing early childhood science
assessments more publicly accessible, such as via instrument repositories like EdInstruments,
could also help early science researchers to more easily refine valuable outcome measures.

The promising findings also lead to questions about how early grades educators can build
more time for high-quality science learning opportunities into children’s days. School days are
already quite full. However, policymakers could consider whether there are opportunities to find
more time for science by reducing some time spent on activities that lack a strong evidence basis
(i.e., efficiency gains). While some redundancy in school curricula is likely useful (Cohen-Vogel
et al., 2021), Engel et al. (2013) found that teachers in U.S. kindergarten classrooms tended to
spend excessive time re-teaching children early numeracy material that they had already
mastered, and this repetition was detrimental to children’s achievement. The authors concluded
that “the vast majority of kindergarten students are exposed to large amounts of content that they
do not benefit from in kindergarten” (Engel et al., 2013, p. 172). Meanwhile, some early grades
classrooms may not include any regular instructional time for science (e.g., Anderson, 2012;
Early et al., 2010; Piasta et al., 2014). In a national survey, about 40 percent of elementary
teachers reported teaching science 3 or fewer days each week, and another ~40 percent reported
teaching science some weeks but not every week (Banilower et al., 2018; Plumley, 2019).
Reallocating even some of the time that children currently spend reviewing already-mastered
content to science could represent a meaningful difference.

Some teacher PD time could also potentially be reallocated to early science instruction

from common uses that lack strong research evidence, such as the isolated study of student test
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score data absent instructional supports (Hill, 2020). Furthermore, the increase in open-access
high-quality curriculum materials available for early elementary grades (e.g., OpenSciEd) could
broaden access to materials for teachers and students, and lower the barrier for time-pressed
teachers who nonetheless hope to add more science learning opportunities to their classrooms.

In sum, we were able to systematically review and meta-analyze over two decades’ worth
of experimental and quasi-experimental research on the efficacy of early childhood science
educational interventions. We argue that the current findings provide an existence proof for the
notion that concentrated investments into bolstering curriculum and teacher professional
development have the potential to help young children learn more science. The findings also
point toward useful steps that the field can take to learn more from future research investments,
with the ultimate goal of giving all young children a strong start in science that paves the way for

future STEM opportunities and achievement.
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Table 1

Characteristics of Included Studies in the Meta-Analytic Sample

Characteristic n %

Study-level features

Total 31 100.00
Type of publication
Peer-reviewed journal article 22 70.97
Conference paper/poster 6 19.35
Technical report 2 6.45
Book chapter 1 3.23
Methodology
Random assignment 24 77.42
Quasi-experimental 7 22.58
Evidence of differential attrition 2 6.95
Setting urbanicity
Urban 18 58.06
Suburban, rural, or mixed 9 29.04
Not reported 4 12.90
Sample poverty level
Majority low-income 24 77.42
Not majority low-income 7 22.58
Effect size-level features
Total 173 100.00
Assessment type
Standardized measures 92 53.18
Researcher-developed measures 81 46.82
Grade-level assessed
Pre-kindergarten 93 53.76
Kindergarten 45 26.01
First grade 43 24.86

Note: Study-level features include two studies that include teacher-level
impact estimates only.



EARLY CHILDHOOD SCIENCE INTERVENTIONS

Table 2

Characteristics of Included Interventions

%
of studies or mean
Characteristic N studies (SD)
Overall 31 100
Content area(s) addressed
Science 31 100
Reading/ELA 13 41.94
Engineering 6 19.35
Mathematics 5 16.13
Domains of science-related content focus
Life science 23 74.19
Earth and space science 13 41.94
Physical science 20 64.52
Engineering, technology, and the application of
science 6 19.35
Programmatic foci of the interventions
Number of focal activities of investigation and
design - 3.19 (1.78)
Focus on at least one crosscutting concept 19 61.29
Content literacy 10 32.26
Curriculum dosage hours -- 41.25 (70.72)
Features of the professional development
Professional development contact hours -- 52.68 (109.42)
Focus on deepening aspects of teachers’ content
and/or pedagogical content knowledge 8 25.81
Teacher coaching and/or mentoring 13 41.94

Note: Studies include two studies that include teacher-level impact estimates only.
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Table 3

Results of Fitting CHE Models Examining the Impacts of Early Science Classroom Interventions on Student Academic Outcomes

All Student Outcomes

Achievement Outcomes

Science Achievement

Literacy Achievement

Robust Controlling Robust Controlling Robust Controlling Robust Controlling
Result Model for design Model for design Model for design Model for design

Intercept 0.254 *** 0.127 **x* 0.274 *** 0.140 *** 0.33] *** 0.191 =% 0.165 + 0.143 +
Standard Error  (0.054) (0.024) (0.062) (0.026) (0.076) (0.345) (0.075) (0.077)
Non-RCT 0.452 ** 0.525 * 0.582 * 0.292 **
Standard Error (0.112) (0.171) (0.240) 0.077)
Variance

Between

study 0.063 0.004 0.089 0.017 0.110 0.032 0.056 0.054

Within

study 0.037 0.038 0.038 0.039 0.071 0.073 0.009 0.009
Sample Size

k studies 29 29 28 12

n effect sizes 173 142 75 46

Note: Robust standard errors are presented in parentheses.
Statistical significance is indicated by +p<.10, *p<.05, **p<.01, ***p<.001.
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Table 4

Sensitivity of Pooled Mean Science Achievement Impact Estimates to Methodological, Publication, and Contextual Features

Robust model Controlling for design
Point Standard Point Standard
Characteristic Estimate Error Estimate Error
Pooled effect among non-peer reviewed studies 0.167 (0.059) ** 0.090 (0.062)
Difference for peer-reviewed studies 0.218 0.114) +° 0.139 (0.082)
Pooled effect among studies without differential attrition flag 0.341 (0.080) *** 0.196 (0.037)  ***
Difference for studies with differential attrition flag -0.198 (0.114) -0.053 (0.054)
Pooled effect among outcomes measured with standardized assessments 0.202 (0.054) ** 0.072  (0.064)
Difference for outcomes measured with researcher-developed assessments 0.195 (0.091) + 0.176 (0.087) +
Pooled effect among outcomes for students in grades K or 1 0.341 (0.159) + 0.156 (0.084) +
Difference for outcomes for students in preschool/pre-K -0.019 (0.241) 0.059 (0.148)
Pooled effect among studies conducted in suburban, rural, or a mix of settings® 0.417 (0.199) + 0.161 (0.095)
Difference for studies conducted exclusively in urban settings -0.086 (0.220) 0.053 (0.139)
Pooled effect among studies not conducted with a majority low-income sample 0.256 (0.053) ** 0.178 (0.070) *
Difference for studies conducted with a majority low-income sample 0.104 (0.115) 0.020 (0.093)

Notes: Robust standard errors in parentheses.

*For each ‘pooled effect’” row, the statistical significance reflects the results of a hypothesis test that the point estimate is zero.
®For each ‘difference’ row, the statistical significance reflects the results of a hypothesis test that the difference between the magnitude of outcomes

in the focal category versus the reference category is zero.

¢ Sensitivity analysis based on sample urbanicity excludes 4 studies (6 impact estimates) for whom this data was missing.

Statistical significance is indicated by +p<.10, *p<.05, **p<.01, ***p<.001.
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Table 5

Results of Fitting a Series of CHE Models Investigating the Extent to which Programmatic Features Moderated Impacts on Science Achievement Outcomes

Bivariate moderation models Omnibus
Characteristic @)) 2 (€)) 4 5 (6) (@) model
Intercept 0.306* 0.167+ 0.164* 0.140+ 0.283*** 0.194%*** 0.207** 0.294
Standard error (0.120) (0.081) (0.073) (0.074) (0.062) (0.043) (0.049) (0.170)
Forms of activity of investigation and design -0.034 -0.078
Standard error (0.033) (0.048)
Focus on at least one crosscutting concept 0.040 0.307
Standard error (0.107) (0.173)
Focus on developing content literacy 0.084 0.078
Standard error (0.101) (0.110)
Above median hours of curriculum exposure 0.094 0.081
Standard error (0.122) (0.138)
Above median hours of PD offered to teachers -0.204* -0.215
Standard error (0.087) (0.126)
PD focused on content knowledge and/or PCK -0.001 0.055
Standard error (0.064) (0.142)
Teacher coaching and/or mentoring -0.038 -0.053
Standard error (0.094) (0.080)

Note: The intercept represents the average impact estimate among non-RCT studies that do not include the moderating feature. Robust standard errors in parentheses.

Statistical significance is indicated by +p<.10, *p<.05, **p<.01, ***p<.001. All models include a control for study design. Sample size for all models: 75 effect sizes from 28

studies.
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Table 6

Results of Fitting CHE Models Examining the Impacts of Early Science Classroom Interventions on Teacher Outcomes
and Student SEL Outcomes

Teacher Outcomes Student SEL Outcomes
Classroom
Instruction Controlling
Characteristic All Outcomes Outcomes Robust Model for design
Intercept 0.887#** 0.942%#** 0.237* 0.116
Standard error (0.064) (0.101) (0.079) (0.071)
Non-RCT 0.325+
Standard error (0.107)
Sample Size
k studies 8 7 8
n effect sizes 44 30 28

Notes: All teacher outcomes come from RCTs, so we are unable to control for research design in the teacher
outcome models. Teacher outcomes in the 'all outcomes' column include measures of instruction, knowledge, and
attitudes.

Statistical significance is indicated by +p<.10, *p<.05, **p<.01, ***p<.001.
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Figure 1

PRISMA Screening Flowchart
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Source: Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group (2009).

Note. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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