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Introduction

Improving student performance in science remains a 
commonly cited policy goal for political leaders, educa-
tors, and other societal stakeholders (U.S. Department of 
Education, n.d.). Recent evidence points to the importance 
of focusing on the elementary years as a foundation for 
later science achievement. In particular, research suggests 
that the earliest years of elementary school (kindergarten 
and first grade) are critical for the development of science 
knowledge and skills as well as a point of divergence in 
performance between subgroups of students. For instance, 
prior work showed that performance on a first-grade gen-
eral knowledge exam, which included science content, 
was more predictive of science achievement through 
eighth grade than measures of achievement in other sub-
jects or student background characteristics (Morgan, 
Farkas, Hillemeier, & Maczuga, 2016). Other work docu-
ments the existence of science achievement gaps by race/
ethnicity as early as kindergarten and persisting through 
elementary school (Curran & Kellogg, 2016; Kohlhaas, 
Lin, & Chu, 2010; Quinn & Cooc, 2015). Recent work 
suggests that much of these differences for Hispanic and 
Asian students can be explained by the language and 
immigration contexts of the students (Curran & Kitchin, 
2018). In addition to race/ethnicity, early disparities in sci-
ence by income are apparent in kindergarten, and differ-
ences by gender emerge by first grade (Curran, 2017; 
Curran & Kellogg, 2016).

While numerous studies have explored aspects of science 
instruction in early elementary school, only a few have done 
so using large-scale or nationally representative samples 
(Curran, 2017; Curran & Kellogg, 2016; Morgan et  al., 
2016; Quinn & Cooc, 2015; Saçkes, Trundle, & Bell, 2013; 
Saçkes, Trundle, Bell, O’Connell, 2011). While such recent 
work has begun to shed light on the trajectories and dispari-
ties of early science learning with nationally representative 
data (Curran, 2017; Curran & Kellogg, 2016; Morgan et al., 
2016; Quinn & Cooc, 2015; Saçkes et  al., 2011; Saçkes 
et  al., 2013), few nationally representative studies have 
explored the mechanisms and potential policy and instruc-
tional levers that might be leveraged to improve early ele-
mentary science achievement.

One potential mechanism for improving early elementary 
science outcomes is an emphasis on the prevalence and con-
tent of science instruction. The theoretical framework of 
opportunity to learn suggests the importance of exposure to 
content for learning (Carroll, 1963, 1989), and empirical 
evidence from the early mathematics literature demonstrates 
the importance of time spent on content and the rigor of the 
content for early learning (Claessens & Engel, 2013; 
Claessens, Engel, & Curran, 2014; Engel, Claessens, Watts, 
& Farkas, 2016). Within science, instructional time has been 
a contested area of debate, with critics pointing to a decreased 
allocation of time to science as a result of accountability 
efforts such as No Child Left Behind (NCLB) (Diamond & 
Spillane, 2004; Marx & Harris, 2006). Likewise, breadth or 
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depth of content coverage in science has regularly appeared 
in discussions of science instruction, with comparisons to 
depth of international standards being common and an 
emphasis on depth appearing in domestic policy documents 
and standards such as the Next Generation Science Standards 
([NGSS], 2013b; Schmidt, Wang, & McKnight, 2005).

The purpose of this study, therefore, is to further explore 
this line of inquiry in early science instruction and learning. 
In particular, this study seeks to examine the degree to which 
time on science content and breadth of science content cov-
ered predict early science learning gains. Additionally, given 
evidence of disparities in early science achievement across 
subgroups, this study also explores the degree to which 
shifts in time on science and content covered may alleviate 
disparities in early elementary science achievement. In par-
ticular, we address the following research questions:

1.	 What is the relationship between time spent on sci-
ence instruction in the early elementary grades and 
student achievement in science as measured by a 
standardized science assessment?

2.	 What is the relationship between breadth of science 
content (topics and skills) covered and student 
achievement in science as measured by a standard-
ized science assessment?

3.	 Do any of the before-mentioned relationships vary 
for student subgroups such as racial/ethnic minori-
ties, females, or students who speak a non-English 
language in the home?

The answering of these questions has the potential to 
improve science instructional practice in the early elemen-
tary grades while also informing policies that influence early 
science instruction. In the next section, we present the theo-
retical framework that underlies this study and review rele-
vant literature. We then turn to a presentation of the data and 
analytic approach followed by a discussion of results and 
implications.

Framework and Background Literature

We draw on the theoretical framework of “opportunity to 
learn.” Originating in work by Carroll (1963, 1989), the 
opportunity to learn framework suggests that students’ abil-
ity to learn is dependent on their contextual environment’s 
providing sufficient opportunities to engage with the aca-
demic content. As one of the most salient contextual envi-
ronments for young children, the formal school setting can 
have a large impact on whether students experience opportu-
nities to engage with science content at an early age.

The concept of opportunity to learn in the formal school 
setting is multifaceted, including aspects of curriculum, ped-
agogy, and characteristics of the classroom and school set-
ting (Sorensen & Hallinan, 1977). Empirically, research has 

shown that time on content is an important measure of 
opportunity to learn, with more time on academic content 
being linked to greater student learning in the upper elemen-
tary grades, middle school, and early years of high school 
(Jez & Wassmer, 2015; Lavy, 2015; Marcotte, 2007; Wang, 
1998). Other research, however, demonstrates that it is also 
important to consider what is taught, or content coverage. 
For instance, empirical work examining kindergarten has 
shown that more time on advanced mathematics content is 
predictive of greater achievement gains (Claessens et  al., 
2014; Engel et al., 2016).

Time on science content.  Within the area of elementary sci-
ence instruction, time on content has been an active area of 
debate for policy and practice in recent years. Scholars have 
argued that the focus on and accountability associated with 
assessments in mathematics and English language arts have 
resulted in a reduction of time spent on other subject areas, 
including science (Diamond & Spillane, 2004; Marx & Har-
ris, 2006). Indeed, research supports the claim that elemen-
tary teachers spend considerably less time on science 
instruction than on mathematics or English language arts 
(Bassok, Latham, & Rorem, 2016). For instance, around 1 in 
5 kindergarten and first-grade teachers reported teaching sci-
ence daily in 2010 while more than 9 of 10 teachers reported 
teaching mathematics and reading daily (Bassok et al., 2016).

Some work suggests that the gap between time spent on 
science and time spent on reading or mathematics may have 
grown during the NCLB era (Blank, 2012; Griffith & 
Scharmann, 2008; McMurrer, 2008). This trend may have 
been furthered by recent efforts to regulate instructional time 
across classrooms such that teachers within a school or even 
across a district are teaching the same subject at the same 
time of the day. The result has been that in many elementary 
classrooms science is relegated to a specific time block, 
sometimes combined with another subject like social stud-
ies, and allocated a set amount of time for instruction. For 
example, in Washington, D.C., schools, district policy speci-
fies scheduling requirements for elementary school instruc-
tion, allocating 120 min to literacy and 90 min to mathematics 
but only 45 min to a combined block for science or social 
studies (District of Columbia Public Schools, 2016).

Despite being allocated less time than mathematics or 
reading, prior work has found wide variation in the amount 
of time on science that elementary students experience. For 
instance, analysis of data from the National Assessment of 
Educational Progress shows that across states the average 
hours per week spent on science instruction in fourth grade 
varies from less than 2 hours per week in some states to 
nearly 4 hours per week in others (Blank, 2013). Other work 
confirms this variability while also finding that time on sci-
ence instruction in fourth grade is significantly higher in 
states that included science in high-stakes accountability 
policies (Judson, 2013).



Early Elementary Science Instruction

3

Breadth of science content coverage.  Just as science instruc-
tional time has garnered discussion, so has breadth of con-
tent coverage. For several decades, researchers and 
practitioners have debated the merits of standards that cover 
a broad set of science topics compared to those that focus 
more deeply on a limited set of topics. Comparisons to inter-
national standards have tended to show that standards in the 
United States are much broader than those in countries that 
demonstrate the highest performance on international assess-
ments (Schmidt et al., 2005). Other work, while tending to 
focus on the upper grade levels and higher education, has 
shown advantages to instruction that provides more depth as 
opposed to breadth of content coverage in science (Eylon & 
Linn, 1988; Sadler & Tai, 2001; Schwartz, Sadler, Sonnert, 
& Tai, 2009). As a result, an emphasis on the need for more 
depth in science instruction has been a part of various policy 
documents during the past several decades, including the 
National Research Council’s National Science Education 
Standards in the late 1990s and more recently as a part of 
NGSS (NGSS, 2013b; Schwartz et al., 2009). For example, 
NGSS describe a focus on disciplinary core ideas as focus-
ing on “a limited set of ideas and practices” rather than 
teaching “all the facts” (NGSS, 2013b).

With regard to the breadth of science content covered, the 
evidence suggests that many early elementary students have 
limited exposure to a number of science content areas. For 
instance, less than half of kindergarten teachers in 2010 
reported covering dinosaurs, sound, light, or the solar sys-
tem in their classrooms (Bassok et al., 2016). Additionally, 
though the total time spent on science did not decrease sig-
nificantly, the breadth of science content covered in early 
elementary may have changed dramatically during the past 
several decades. Kindergarten teachers in 2010 reported 
covering fewer science content areas as compared to those in 
1998, though changes in the format of the survey questions 
across survey waves complicate the comparison (Bassok 
et  al., 2016; Blank, 2013). This finding suggests a shift 
toward more depth rather than breadth, with fewer content 
areas’ being covered for longer periods of time.

Impacts of science instructional time and content cover-
age.  Prior research has provided mixed evidence on the 
impact of early elementary science instructional time and 
content coverage. On the one hand, evidence shows that 
achievement on a general knowledge test in kindergarten 
and first grade including science questions is one of the best 
predictors of subsequent science achievement in elementary 
school (Morgan et al., 2016), and other work suggests that 
science achievement is uniquely related to the development 
of broader approaches to learning skills that may benefit stu-
dents across subject areas (Bustamante, White, & Green-
field, 2018). The way in which instructional time and content 
coverage contributes to such early science achievement is 
less clear. Evidence from international contexts suggests that 

beginning science instruction in kindergarten as compared to 
later grades predicts greater science achievement near the 
end of elementary school (Tao, Oliver, & Venville, 2012). 
Other work, however, has found that the frequency and dura-
tion of science instruction in kindergarten is not significantly 
related to end-of-year general knowledge achievement or 
end-of-third-grade science achievement (Saçkes et al., 2011; 
Saçkes et al., 2013). These studies relied on now outdated 
data from the late 1990s and were limited insofar as they did 
not have a true measure of science achievement in the early 
grades, instead relying on a general knowledge measure that 
also included aspects of history, civics, and social studies. 
Furthermore, the studies relied on observable control vari-
ables rather than the use of more sophisticated methods to 
account for selection bias.

Early elementary science achievement gaps.  Better under-
standing the relationships between opportunity to learn sci-
ence in the early elementary grades and science achievement 
has the potential to inform practice aimed at reducing early 
science achievement gaps. Recent evidence has documented 
large gaps by race/ethnicity in science achievement across 
elementary school. For instance, prior work found that, on 
average, Black, Hispanic, and Asian students score more 
than half a standard deviation lower in science at kindergar-
ten than do their White peers (Curran & Kellogg, 2016). 
These early gaps in science tend to be larger than those in 
mathematics or reading (Curran & Kellogg, 2016; Green-
field et  al., 2009). A considerable portion of these differ-
ences for Hispanic and Asian students is explainable by 
language and immigration context (Curran & Kitchin, 2018). 
Other work shows that these gaps are present in later grades 
of elementary school (Kohlhaas et al., 2010; Morgan et al., 
2016; Quinn & Cooc, 2015). Furthermore, the size of such 
gaps changes across elementary school (Curran & Kellogg, 
2016; Morgan et al., 2016; Quinn & Cooc, 2015). Similarly, 
while there is no difference in science test performance by 
sex in kindergarten, a difference does begin to emerge by 
first grade, with boys outperforming girls, and continues to 
expand as students progress to later grades (Curran & Kel-
logg, 2016). While these changes suggest the possibility that 
differential instructional practices across groups may con-
tribute to changes in such disparities, little empirical work 
has explored such a relationship.

Policy and practice relevance.  Better understanding the 
relationship between science instruction and science 
achievement in early elementary school is of particular pol-
icy relevance. Many states are considering adoption of 
NGSS, while those that have recently adopted such stan-
dards are working through aspects of implementation (Wil-
lard, Pratt, & Workosky, 2012). These shifts represent an 
important opportunity to inform policy and practice around 
early elementary science achievement.
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Given the mixed evidence on the effectiveness of early 
science instructional time and content coverage for improv-
ing science achievement coupled with the substantial 
changes in science instructional practices in the earliest 
grades during the past several decades, there is an impetus to 
further study the relationship between science instruction 
and science achievement in elementary school. This study 
fills this void by applying the latest nationally representative 
data on the early elementary grades to explore the degree to 
which two strands of opportunity to learn, time on science 
content and breadth of science content covered in the first 4 
years of formal schooling, predict science achievement. 
Both time on science and breadth of science coverage are 
areas of active policy and practice discussion, are potentially 
malleable, and have available measures in the data. Other 
aspects of the learning environment that also may affect 
opportunity to learn, such as the experience of teachers or 
the education level of parents, are recognized and controlled 
for in models though not directly explored.

Methods

Data

This study draws on data from the newly released Early 
Childhood Longitudinal Study, Kindergarten Class of 2010–
11 (ECLS-K:2011). ECLS-K:2011 is a nationally represen-
tative, longitudinal study conducted by the U.S. Department 
of Education. The study includes a nationally representative 
sample of students who were kindergartners in the 2010–
2011 school year. For this study, we focus on data from the 
students’ first 4 years of formal schooling, namely, kinder-
garten through third grade (2010–2011 through 2013–2014 
school years). Though fourth-grade data are available, the 
fourth-grade surveys do not consistently ask about science 
instruction across all students, preventing inclusion of this 
grade level in our analysis.

A unique feature of ECLS-K:2011 is its inclusion of sci-
ence achievement measures in the earliest years of school. 
Unlike the original ECLS-K, which collected data on kinder-
gartners in the 1998–1999 school year and lacked such early 
science assessments, the new ECLS allows for a richer 
exploration of the relationship between early elementary 
experiences and science achievement. In addition to includ-
ing science achievement measures, ECLS-K includes a rich 
set of survey items collected from schools, teachers, and par-
ents. In the next section, we detail the specific variables 
included in the analysis.

Dependent variable.  The primary dependent variable of 
interest in this study was spring semester science achieve-
ment as measured by a standardized science achievement 
test. We use measures of science achievement for kindergar-
ten through third grade. The ECLS-K:2011 science assess-
ment included questions related to the physical sciences, life 

sciences, environmental (earth and space) sciences, and sci-
entific inquiry (Tourangeau, Nord, Le, Sorongon, et  al., 
2015; Tourangeau, Nord, Le, Wallner-Allen, et  al., 2015). 
For the kindergarten year, the assessment consisted of 20 
questions, while the first- through third-grade assessments 
were conducted in a two-stage manner with performance on 
a set of initial routing questions determining the second set 
of questions administered. In each year, the assessments 
were administered verbally by a trained assessor 
(Tourangeau, Nord, Le, Sorongon, et al., 2015; Tourangeau, 
Nord, Le, Wallner-Allen, et al., 2015). Overall, the ECLS-
K:2011 science assessments have a relatively high level of 
validity and reliability. They were developed based on com-
monalities in six states’ 2009 science standards and the input 
of a panel of educators and subject matter experts. The 
assessments went through a series of pilot field assessments 
prior to selection of the final items (Tourangeau, Nord, Le, 
Sorongon, et  al., 2015; Tourangeau, Nord, Le, Wallner-
Allen, et al., 2015). The reliability of the science assessment 
ranged from .75 in kindergarten to .83 across the other waves 
of data used. We used standardized scale scores, which were 
derived from item response theory measures. These scale 
scores are appropriate for modeling gains in science achieve-
ment (Tourangeau, Nord, Le, Sorongon, et  al., 2015; 
Tourangeau, Nord, Le, Wallner-Allen, et al., 2015).

Independent variables
Time on science.  The key independent variables of 

interest in this study included time spent teaching sci-
ence and the breadth of science content (topics and skills) 
covered. The measure of time spent on science instruction 
was derived from two survey items in ECLS-K:2011. In 
the first item, teachers reported the number of days per 
week they spent on science content. In the second item, 
the teachers reported the time per day spent on science 
content on days in which the content was taught. We fol-
lowed precedent in the literature by calculating a single 
measure representing minutes per week on science content 
by multiplying days per week by minutes per day (Claes-
sens et al., 2014). For example, if a teacher reported teach-
ing science content 4 days per week at 30 min per day, we 
would consider his or her weekly time on science content 
to be 120 min.

Breadth of science topics/skills.  The second key inde-
pendent variable, breadth of science content (topics/skills) 
covered, came from a series of survey items in which teach-
ers reported the science content domains taught in their 
classrooms. In the kindergarten year, teachers reported 
whether they taught a series of 17 science topics or skills. 
In first and second grades, teachers provided similar 
responses for a series of 15 items. In third grade, teachers 
provided responses for 16 items. Each item is represented 
with a binary (0/1) indicator. See Appendix A, online, for a 
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complete list of the items included in each grade level. To 
measure breadth of science content coverage, we combined 
these binary indicators into two count variables, one repre-
senting the number of science topics covered and the other 
representing the number of science skills covered. Science 
topics consisted of concepts and subdisciplines of science 
such as reports of teaching dinosaurs and fossils, weather, 
light, sound, three states of matter, and ecology. In contrast, 
science skills represented science-related skills that could be 
applicable across a number of scientific subdisciplines such 
as using the scientific method, laboratory skills, communi-
cating scientific findings, and using tools to gather informa-
tion.

Moderating variables.  In addition to assessing the degree to 
which gains in science learning are related to instructional 
time and topics/skills covered, we assessed the degree to 
which these relationships varied for a number of student 
subgroups. In particular, we assessed the degree to which the 
key relationships of interest varied by race/ethnicity, sex, 
and whether a non-English language is used in the home. 
Race/ethnicity was operationalized as a series of binary indi-
cators aligning with the categories included in ECLS-
K:2011, specifically White, Black, Hispanic, Asian, 
Hawaiian or Pacific Islander, American Indian or Alaskan, 
and two or more races. Sex was operationalized as a binary 
indicator of being a female. Finally, the use of a non-English 
language in the home was operationalized as a binary indica-
tor of whether a non-English language was spoken in the 
child’s home. Each of these variables was derived from self-
reports from parent surveys.

Control variables.  As with any study using secondary data, 
a key concern was the threat of omitted variable bias. Part of 
our approach for addressing the issue of confounding vari-
ables was the inclusion of a robust set of control variables. In 
particular, we controlled for characteristics of students 
(including race, sex, prior achievement), characteristics of 
students’ families (including income, parental education, 
family structure), characteristics of teachers (including sex, 
experience, education level), and in models without school 
fixed effects, school characteristics (including size and other 
demographic composition). The full set of control variables 
is shown in online Appendix B.

Participants

The analytic sample consisted of students who had avail-
able data on the key independent and dependent variables. In 
particular, we dropped observations missing data on science 
achievement or on teacher-reported time on science or top-
ics/skills covered. Observations missing data on control 
variables were retained through the use of multiple imputa-
tion. We used 25 imputed data sets generated through the 

multivariate normal approach in Stata 15. Multiple imputa-
tion has been shown to be a strong approach for handling 
missing data (Allison, 2009; Graham, Olchowski, & 
Gilreath, 2007; Schafer, 1997). After these sample restric-
tions, the final analytic sample was 8,980 students for the 
kindergarten year, 9,430 for the first-grade year, 10,200 for 
the second-grade year, and 7,550 for the third-grade year (all 
sample sizes rounded to the nearest 10 to comply with 
Institute of Education Sciences restricted data requirements). 
While these samples reflected a nontrivial loss of observa-
tions relative to the original sample size (18,170), the use of 
weights provided with the ECLS-K adjusted for this nonre-
sponse and yielded estimates that are reflective of the popu-
lation. Across grade levels, these students were in 860 
schools in kindergarten with an average of 2.99 sampled 
classrooms per school. In first grade, they were in 1,300 
schools with an average of 2.64 classrooms per school. In 
second grade, they were in 1,640 schools with an average of 
2.51 classrooms per school, and in third grade, they were in 
1,540 schools with an average of 2.24 classrooms per school.

Analytic Approach

This study attempts to estimate the relationship between 
aspects of elementary science instruction and science 
achievement. The primary analytic approach relies on ordi-
nary least squares regression with a robust set of student, 
family, teacher, and school controls. We also estimated 
models with school fixed effects, though subsequent analy-
ses suggested that these models may be subject to signifi-
cant measurement error in the key independent variables. In 
addition, we estimated models that made use of the longitu-
dinal nature of the data by including student fixed effects.

Grade-level analyses.  For each grade level in the data (K–
3), we estimated models that predicted science achievement 
scores during the spring term of the respective academic 
year. The first set of models estimated the relationship 
between time spent on science (in hundreds of minutes per 
week) and spring science achievement. The second and third 
sets of models estimated the relationship between the num-
ber of science topics taught or skills taught and science 
achievement. We estimated models that progressively added 
groups of observable control variables and finally a model 
that also included school fixed effects. All models were 
weighted to adjust for the complex sampling design of the 
ECLS-K as well as participant nonresponse. The primary 
analytic model took the following form:

1.	 ScienceAch
its

 = β
0
 + β

1
ScienceInstruction

ts
 + 

β
2
PriorAchievement

its
 + β

3
TestingDates

its
 + 

β
4
StudentControls

its
 + β

5
FamilyControls

its
 + 

β
6
ExtracurricularControls

its
 + β

7
TeacherControls

ts
 + 

β
8
OtherInstructionalControls

ts
 + β

9
SchoolFE

s
 + e

its
,
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where ScienceAch represents the dependent variable of 
interest, namely, the end-of-year standardized item response 
theory based on scaled achievement score for student i with 
teacher t in school s. ScienceInstruction represents the key 
independent variable (either time on science content,  
number of topics taught, or number of skills taught). 
PriorAchievement represents standardized achievement 
scores from the beginning of the year or end of the prior year 
(reading and mathematics achievement for kindergarten and 
reading, mathematics, and science for later grades). 
TestingDates represents indicators of the timing of test 
administration. StudentControls represents a vector of stu-
dent-level controls such as race/ethnicity, sex, age, and 
whether a language other than English is spoken in the home. 
FamilyControls represents a vector of family-level controls 
such as parental income, parental education, family struc-
ture, and parental expectations. ExtracurricularControls 
represents a vector of controls for out-of-school activities 
such as visiting a museum, going to the zoo, and reading 
books. TeacherControls represents a vector of controls for 
teacher characteristics such as age, sex, race, certification, 
and education. OtherInstructionalControls represents a vec-
tor of controls for other instructional practices such as the 
amount of time spent on other subjects and resources avail-
able in the classroom. See online Appendix B for the full list 
of control variables. Finally, SchoolFE represents the inclu-
sion of the school fixed effects.

Student fixed effects analyses.  In addition to our grade-
level analyses, we pooled the data across grade levels and 
estimated models that included student fixed effects using 
the longitudinal data. This approach has the advantage of 
controlling for all unobservable characteristics of stu-
dents that are fixed across time, thereby accounting for 
more possible sources of bias in the estimates. The stu-
dent fixed effects models closely matched those of the 
grade-level analyses with the exception that the school 
fixed effects were replaced by student fixed effects. Other 
time-varying control variables remained in the model.

Comparisons to mathematics and reading.  While science 
instruction was the primary outcome of interest in this 
study, we also sought to compare results for science to 
those in the more commonly assessed subjects of mathe-
matics and reading. Consequently, we estimated versions 
of both the grade-level and the student fixed effects mod-
els that predicted mathematics achievement from time on 
math content and reading achievement from time on read-
ing. The mathematics and reading assessments were 
developed in a similar fashion to those used for science 
and had reliabilities ranging from .87 to .95 in reading 
and .92 to .94 in mathematics. More details about these 
assessments can be found in the ECLS-K user manual.

Limitations of the analytic approach.  A key concern in this 
study and in any study using secondary, observational data is 
the threat of omitted-variable bias. In particular, it is possible 
that classrooms that spend more time on science or teach 
different numbers of science topics/skills differ systemati-
cally along other dimensions from classrooms that differ in 
science instruction. To the degree that such differences are 
correlated with both science instructional practice and stu-
dent outcomes, these omitted variables can bias estimates of 
the relationship of interest.

Each set of control variables attempts to mitigate the 
threat of omitted-variable bias across a number of observ-
able domains of potential threats to the internal validity of 
the study. The addition of the school fixed effects restricts 
estimates to variation within schools, implicitly controlling 
for all aspects, both observable and unobservable, that are 
fixed among students in the same school. Likewise, the use 
of student fixed effects implicitly controls for all time-
invariant aspects of students over time. In doing so, the 
school and student fixed effects provide additional mecha-
nisms for addressing omitted variable bias. Nevertheless, 
while each of the analytical approaches (controlling for 
observable covariates, prior achievement controls, and 
school or student fixed effects) serves to address potential 
sources of omitted-variable bias, it is recognized that sources 
of bias may remain. Consequently, results of the study 
should be interpreted as covariate-adjusted relationships 
rather than causal estimates.

Results

Results suggest that time spent on science instruction 
across the first 4 years of elementary school may predict 
higher science achievement, though this finding was not 
consistent across all specifications. While the fully specified 
regression models without school fixed effects and the stu-
dent fixed effects models predicted higher science achieve-
ment from time on science, the school fixed effects models 
yielded insignificant relationships. Interestingly, results 
from models predicting mathematics and reading achieve-
ment from time on content in those subjects also showed 
somewhat similar patterns. Examining the number of sci-
ence topics and skills covered revealed no significant rela-
tionships with science achievement. These primary findings 
were found to hold across a number of subgroups, with little 
evidence of heterogeneous relationships for racial/ethnic 
minority students, students from homes where a non-English 
language is spoken, or females. In this section, we present 
the results that support these overall findings.

Time on Science Content

As shown in Tables 1 through 4, time on science con-
tent increased slightly during the first 4 years of formal 
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schooling, from about 118 min per week in kindergarten to 
152 min per week in second grade. That said, individual 
classrooms varied significantly in the amount of time 
spent on science. We show columns split by the median 
amount of time spent teaching science or number of topics/
skills covered (an arbitrary cut point chosen for parsimony 
in the tables). For instance, in kindergarten, classrooms 
that were among the top half of classrooms spending time 
on science averaged 184 min per week, while those with 
time below the median averaged only 34 min per week (see 

Table 1). Descriptively, in kindergarten, spring science 
achievement was slightly higher among students in class-
rooms that spent less than the median amount of time on 
science instruction compared to those that spent more, but 
in Grades 1 through 3, students in classrooms spending 
more than the median amount of time on science tended to 
have slightly higher end-of-year science scores.

Results of the regression models predicting end-of-year 
science achievement from time on science content provided 
suggestive evidence of a positive relationship between time 

Table 1
Descriptive Statistics (Means and Standard Errors) of Independent, Dependent, and Select Covariates

Kindergarten

  Full Sample
High Time 
on Science

Low Time 
on Science High Topics Low Topics High Skills Low Skills

Time on science 
(minutes per 
week)

117.5
(4.2)

183.8
(4.6)

34.2
(1.1)

139.6
(5.0)

82.8
(4.8)

139.7
(4.9)

92.4
(4.7)

Number of science 
topics covered 
(0–12)

6.583
(0.134)

7.207
(0.118)

5.799
(0.177)

8.387
(0.078)

3.731
(0.061)

7.680
(0.155)

5.337
(0.121)

Number of science 
skills covered 
(0–5)

2.681
(0.060)

3.050
(0.062)

2.216
(0.068)

3.182
(0.059)

1.889
(0.073)

3.935
(0.034)

1.256
(0.033)

Science 
achievement scale 
score standardized

0.022
(0.031)

−0.022
(0.036)

0.076
(0.033)

0.022
(0.031)

0.021
(0.044)

0.019
(0.036)

0.024
(0.036)

Prior reading 
achievement scale 
score standardized

0.008
(0.022)

−0.005
(0.029)

0.025
(0.024)

0.024
(0.025)

−0.016
(0.034)

0.010
(0.030)

0.006
(0.022)

Prior mathematics 
achievement scale 
score standardized

0.015
(0.026)

−0.002
(0.030)

0.037
(0.034)

0.025
(0.028)

0.000
(0.036)

0.004
(0.031)

0.028
(0.031)

Student race/ethnicity
  Black 0.123

(0.015)
0.153

(0.018)
0.084

(0.013)
0.140

(0.016)
0.096

(0.017)
0.132

(0.016)
0.112

(0.017)
  Hispanic 0.206

(0.014)
0.227

(0.017)
0.181

(0.017)
0.209

(0.016)
0.201

(0.018)
0.216

(0.017)
0.195

(0.016)
  Asian 0.033

(0.004)
0.035

(0.005)
0.031

(0.004)
0.034

(0.005)
0.033

(0.005)
0.037

(0.007)
0.029

(0.004)
Full day 

kindergarten
0.823

(0.026)
0.928

(0.014)
0.690

(0.041)
0.881

(0.023)
0.730

(0.041)
0.854

(0.027)
0.787

(0.028)
Time on math 

(minutes per 
week)

347.9
(5.8)

398.3
(5.8)

284.5
(7.7)

367.7
(6.6)

316.6
(8.4)

360.9
(6.2)

333.0
(8.2)

Time on reading 
(minutes per 
week)

565.6
(8.1)

611.6
(8.1)

507.7
(11.3)

583.4
(8.5)

537.4
(13.6)

585.0
(8.8)

543.6
(11.1)

Time on social 
studies (minutes 
per week)

118.8
(3.7)

175.5
(4.6)

47.55
(1.8)

138.4
(4.3)

87.82
(5.0)

135.2
(4.0)

100.2
(4.9)

n 8,980 5,070 3,910 5,550 3,430 4,770 4,210
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on science content and science achievement. Table 5 shows 
results of models estimating the relationship between min-
utes on science in kindergarten (Panel 1), first grade (Panel 
2), second grade (Panel 3), and third grade (Panel 4) and 
spring science achievement scores from the respective grade. 
While the fully specified model without school fixed effects 
(Column 6) did show a positive and statistically significant 
relationship between time on science and science achieve-
ment across all grade levels, this result was not robust to the 
inclusion of school fixed effects (Column 7). Models pool-
ing data from all 4 years and including student fixed effects 
showed a positive and significant relationship between time 
on science content and student science achievement (see 
Panel 1 of Table 6). An additional 100 min on science 
instruction predicted a .026 standard deviation higher spring 
semester science achievement test score, a statistically sig-
nificant yet relatively small in magnitude relationship.

Interestingly, models replicating these analyses with 
mathematics and reading achievement outcomes pre-
dicted from instructional time on mathematics or reading 
yielded somewhat similar results. In models including 
observable covariates, the relationship between mathe-
matics/reading time and achievement in those subjects 
was significant in some models but not others, while the 
school fixed effects models generally yielded no signifi-
cant relationships (see Appendix Table C1 and Appendix 
Table C2, online). However, results of models that pooled 
data across kindergarten through third grade and included 
student fixed effects predicted consistently positive and 
significant relationships between time on math or reading 
and achievement in those subjects. As shown in Panels 2 
and 3 of Table 6, an additional 100 min per week on  
mathematics predicted a .017 standard deviation higher 
mathematics score, while an additional 100 min on reading 

Table 2
Descriptive Statistics (Means and Standard Errors) of Independent, Dependent, and Select Covariates for First Grade

First Grade

  Full Sample
High Time 
on Science

Low Time 
on Science High Topics Low Topics High Skills Low Skills

Time on science (minutes 
per week)

125.1
(3.4)

195.4
(3.6)

54.1
(1.4)

136.9
(3.9)

98.0
(4.1)

147.5
(5.2)

116.5
(3.7)

Number of science topics 
covered (0–8)

5.339
(0.072)

5.675
(0.084)

4.999
(0.089)

6.281
(0.045)

3.173
(0.058)

7.442
(0.023)

4.528
(0.067)

Number of science skills 
covered (0–7)

6.697
(0.023)

6.839
(0.020)

6.554
(0.036)

6.847
(0.018)

6.354
(0.056)

6.891
(0.026)

6.623
(0.030)

Science achievement 
scale score standardized

0.040
(0.030)

0.058
(0.034)

0.022
(0.035)

0.026
(0.032)

0.072
(0.040)

0.087
(0.038)

0.022
(0.033)

Prior reading achievement 
scale score standardized

0.047
(0.027)

0.068
(0.031)

0.026
(0.031)

0.061
(0.026)

0.0161
(0.039)

0.095
(0.040)

0.029
(0.029)

Prior mathematics 
achievement scale score 
standardized

0.028
(0.031)

0.041
(0.034)

0.014
(0.036)

0.027
(0.030)

0.030
(0.042)

0.066
(0.038)

0.013
(0.034)

Prior science achievement 
scale score standardized

−0.033
(0.034)

−0.029
(0.038)

−0.037
(0.037)

−0.042
(0.034)

−0.013
(0.047)

−0.000
(0.037)

−0.046
(0.039)

Student race/ethnicity
  Black 0.135

(0.014)
0.148

(0.016)
0.121

(0.016)
0.147

(0.017)
0.105

(0.014)
0.152

(0.021)
0.128

(0.014)
  Hispanic 0.239

(0.015)
0.251

(0.020)
0.227

(0.017)
0.249

(0.017)
0.217

(0.022)
0.245

(0.020)
0.237

(0.015)
  Asian 0.041

(0.007)
0.041

(0.006)
0.041

(0.008)
0.044

(0.008)
0.034

(0.007)
0.038

(0.007)
0.042

(0.008)
Time on math (minutes 

per week)
403.8
(4.0)

434.9
(6.3)

372.4
(4.3)

407.9
(4.5)

394.5
(6.8)

410.5
(6.9)

401.2
(4.5)

Time on reading (minutes 
per week)

635.2
(7.1)

649.0
(7.5)

621.2
(9.9)

631.5
(7.3)

643.5
(10.7)

615.6
(8.6)

642.7
(8.8)

Time on social studies 
(minutes per week)

118.8
(2.9)

175.8
(3.5)

61.10
(2.0)

128.8
(3.3)

95.79
(3.6)

137.1
(4.7)

111.7
(3.3)

n 9,430 4,720 4,710 6,640 2,790 2,740 6,690
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predicted a .005 standard deviation higher reading score. 
While significant, these estimates were relatively small in 
practical magnitude.

Breadth of Content Coverage (Topics and Skills)

In addition to time on science, it is possible that science 
achievement is sensitive to the nature of the content taught 
during science instructional time. The second set of analyses 
examined the relationship between the number of science 
topics or skills teachers reported teaching and spring science 
achievement scores, holding constant the total amount of 
time spent on science. As shown in Tables 1 through 4, the 
reported number of science topics covered varied signifi-
cantly across classrooms. Among kindergarten students in 

classrooms among the bottom half of reported science topics, 
the average number of topics covered was approximately 
four, while among kindergarten students in the upper half of 
reported science topics, the average number of topics covered 
was about eight (see Table 1). While the total number of 
reported topics teachers could report was different in the later 
grades, classrooms that were above the median in reported 
topics still reported about twice as many topics as those 
below the median (see Tables 2–4). The pattern for the num-
ber of science skills taught was slightly different. In kinder-
garten, classrooms that taught more than the median number 
of science skills taught almost three times as many skills 
(approximately 3.93) as those that taught less than the median 
(approximately 1.26). In first through third grades, however, 
there was little variation in the number of skills taught given 

Table 3
Descriptive Statistics (Means and Standard Errors) of Independent, Dependent, and Select Covariates for Second Grade

Second Grade

  Full Sample
High Time 
on Science

Low Time 
on Science High Topics Low Topics High Skills Low Skills

Time on science 
(minutes per week)

135.3
(3.5)

206.6
(3.0)

54.7
(1.3)

146.9
(3.7)

112.5
(5.0)

155.4
(5.1)

125.7
(4.0)

Number of science topics 
covered (0–8)

5.291
(0.088)

5.616
(0.092)

4.924
(0.113)

6.467
(0.048)

2.998
(0.045)

7.505
(0.026)

4.238
(0.061)

Number of science skills 
covered (0–7)

6.639
(0.029)

6.788
(0.022)

6.471
(0.047)

6.825
(0.020)

6.276
(0.070)

6.863
(0.028)

6.533
(0.043)

Science achievement 
scale score 
standardized

0.010
(0.028)

0.039
(0.031)

−0.023
(0.033)

−0.007
(0.029)

0.042
(0.039)

−0.010
(0.037)

0.019
(0.033)

Prior reading 
achievement scale 
score standardized

−0.014
(0.024)

0.016
(0.031)

−0.047
(0.028)

−0.032
(0.027)

0.023
(0.036)

−0.034
(0.033)

−0.004
(0.028)

Prior mathematics 
achievement scale 
score standardized

−0.000
(0.027)

0.013
(0.032)

−0.014
(0.030)

−0.032
(0.029)

0.063
(0.040)

−0.051
(0.036)

0.024
(0.031)

Prior science 
achievement scale 
score standardized

−0.012
(0.030)

0.013
(0.034)

−0.040
(0.033)

−0.032
(0.032)

0.027
(0.037)

−0.047
(0.040)

0.005
(0.033)

Student race/ethnicity
  Black 0.130

(0.014)
0.150

(0.017)
0.106

(0.014)
0.149

(0.018)
0.091

(0.012)
0.171

(0.026)
0.110

(0.012)
  Hispanic 0.241

(0.015)
0.235

(0.018)
0.247

(0.017)
0.241

(0.017)
0.241

(0.021)
0.233

(0.023)
0.245

(0.016)
  Asian 0.043

(0.007)
0.043

(0.008)
0.042

(0.008)
0.041

(0.007)
0.045

(0.009)
0.038

(0.008)
0.045

(0.008)
Time on math (minutes 

per week)
412.8
(3.3)

435.1
(5.0)

387.6
(4.9)

419.5
(3.6)

399.7
(6.4)

428.4
(5.6)

405.3
(4.0)

Time on reading 
(minutes per week)

601.8
(6.3)

619.9
(6.6)

581.5
(9.2)

595.7
(7.7)

613.9
(8.9)

585.7
(8.2)

609.5
(7.5)

Time on social studies 
(minutes per week)

123.7
(3.2)

180.5
(3.6)

59.65
(1.8)

133.5
(3.9)

104.6
(4.4)

140.6
(5.8)

115.6
(3.4)

n 10,200 5,530 4,670 6,760 3,440 3,350 6,850
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that almost all teachers reported teaching each skill (see 
online Appendix Table A2).

Turning then to results of the regression analyses relating 
the number of science topics or skills covered to science 
achievement, results suggest that the number of topics or 
skills covered is not systematically related to science achieve-
ment. Results of these models for the number of science top-
ics are shown in Table 7. As before, results for kindergarten 
and first, second, and third grade are displayed across four 
panels. As shown, the number of science topics covered was 
generally an insignificant predictor of science achievement 
across specifications and grade levels. However, in models 
pooling data across all 4 years and including student fixed 
effects (see Table 8), the number of science topics was a sig-
nificant predictor of science achievement, with each addi-
tional topic covered predicting a .006 standard deviation 
higher science achievement score. Insignificant results were 
observed for the relationship between the number of science 

skills taught and science achievement across almost all speci-
fications (see Tables 9 and 10).

Subgroup Analysis

Across each of the analyses, we found little evidence  
that the relationship between time on science or breadth of sci-
ence topics/skills covered and science achievement varied for 
students of different sex, of different race/ethnicity, or from 
homes where a non-English language is spoken. In general, 
models with interactions between minutes on science instruc-
tion per week and an indicator of being female (see online 
Appendix Table D1), a series of race/ethnicity indicators (see 
online Appendix Table D2), and an indicator of a non-English 
language being spoken in the home (see online Appendix 
Table D3) showed that the results of the primary findings did 
not appear to systematically vary for any of these subgroups. 
One exception to this is the relationship between minutes on 

Table 4
Descriptive Statistics (Means and Standard Errors) of Independent, Dependent, and Select Covariates for Third Grade

Third Grade

  Full Sample
High Time 
on Science

Low Time 
on Science High Topics Low Topics High Skills Low Skills

Time on science (minutes 
per week)

152.3
(4.3)

208.5
(3.2)

58.49
(2.1)

169.0
(3.9)

128.9
(5.9)

175.6
(4.4)

134.1
(5.4)

Number of science topics 
covered (0–9)

5.771
(0.112)

6.152
(0.128)

5.134
(0.112)

7.457
(0.054)

3.391
(0.078)

7.942
(0.038)

4.071
(0.085)

Number of science skills 
covered (0–7)

6.382
(0.051)

6.597
(0.043)

6.023
(0.089)

6.794
(0.021)

5.801
(0.106)

6.835
(0.024)

6.028
(0.084)

Science achievement 
scale score standardized

0.015
(0.032)

0.058
(0.037)

−0.057
(0.040)

−0.010
(0.038)

0.050
(0.036)

0.005
(0.041)

0.023
(0.037)

Prior reading achievement 
scale score standardized

0.059
(0.026)

0.094
(0.033)

0.001
(0.033)

0.011
(0.032)

0.126
(0.032)

−0.000
(0.037)

0.105
(0.030)

Prior mathematics 
achievement scale score 
standardized

0.061
(0.032)

0.081
(0.036)

0.027
(0.040)

−0.007
(0.038)

0.156
(0.037)

−0.019
(0.042)

0.122
(0.037)

Prior science achievement 
scale score standardized

0.057
(0.033)

0.086
(0.041)

0.010
(0.036)

0.008
(0.039)

0.127
(0.036)

0.013
(0.043)

0.092
(0.036)

Student race/ethnicity  
Black 0.127

(0.015)
0.145

(0.018)
0.096

(0.014)
0.137

(0.018)
0.112

(0.017)
0.136

(0.018)
0.119

(0.017)
Hispanic 0.246

(0.019)
0.247

(0.022)
0.244

(0.024)
0.273

(0.026)
0.207

(0.019)
0.284

(0.029)
0.215

(0.017)
Asian 0.044

(0.007)
0.048

(0.009)
0.037

(0.006)
0.044

(0.009)
0.044

(0.007)
0.042

(0.009)
0.046

(0.007)
Time on math (minutes 

per week)
430.7
(5.1)

448.2
(5.6)

401.6
(8.9)

436.2
(7.1)

423.0
(5.5)

437.8
(8.7)

425.2
(4.7)

Time on reading (minutes 
per week)

581.2
(7.1)

588.8
(8.5)

568.5
(10.1)

573.2
(9.1)

592.5
(8.5)

565.4
(10.6)

593.5
(7.1)

Time on social studies 
(minutes per week)

141.3
(3.7)

185.4
(3.6)

67.69
(3.1)

153.8
(3.6)

123.7
(5.7)

158.1
(4.2)

128.2
(4.9)

n 7,550 4,810 2,740 4,490 3,050 3,410 4,140
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Table 5
Coefficients and Standard Errors From Regressions Predicting End-of-Year Science Achievement From Time on Science Content for 
Kindergarten, First, Second, and Third Grades

(1) (2) (3) (4) (5) (6) (7)

Panel 1: Kindergarten (n = 8,980)
Minutes on science per week in 

kindergarten (100s minutes/week)
−.049**
(.019)

−.033*
(.014)

.005
(.008)

.007
(.009)

.014
(.009)

.034**
(.013)

.031†

(.018)

Panel 2: First grade (n = 9,430)
Minutes on science per week in 

first grade (100s minutes/week)
−.013
(.022)

−.001
(.009)

.008
(.008)

.009
(.009)

.010
(.009)

.037*
(.014)

.016
(.021)

Panel 3: Second grade (n = 10,200)
Minutes on science per week in 

second grade (100s minutes/
week)

.014
(.017)

.011
(.007)

.013†

(.007)
.012†

(.007)
.012†

(.007)
.022*
(.010)

−.011
(.015)

Panel 4: Third grade (n = 7,550)
Minutes on science per week in 

third grade (100s minutes/week)
.023

(.020)
.017*
(.008)

.020**
(.007)

.014†

(.007)
.015*
(.007)

.042**
(.011)

.017
(.017)

Prior achievement scores Yes Yes Yes Yes Yes Yes
Child/family characteristics Yes Yes Yes Yes Yes
School characteristics Yes Yes Yes  
Teacher characteristics Yes Yes Yes
Instructional time covariates Yes Yes
School fixed effects Yes

Note. Standard errors are in parentheses. Estimates are adjusted and weighted for the complex sampling design of the Early Childhood Longitudinal Study.
†p < .1. *p < .05. **p < .01.

Table 6
Coefficients and Standard Errors From Regressions Predicting End-of-Year Achievement From Time on Subject Content Across 
Kindergarten Through Grade 3 With Student Fixed Effects

(1) (2) (3) (4)

Panel 1: Science achievement (n = 37,320)
Minutes on science per week (100s 

minutes/week)
.010**
(.003)

.011**
(.003)

.011**
(.003)

.026**
(.006)

Constant −.026**
(.008)

−.003
(.124)

.016
(.124)

.031
(.123)

Panel 2: Math achievement (n = 37,320)
Minutes on math per week (100s 

minutes/week)
.011**
(.002)

.011**
(.002)

.011**
(.002)

.017**
(.003)

Constant −.059**
(.011)

.050
(.093)

.050
(.094)

.063
(.094)

Panel 3: Reading achievement (n = 37,320)
Minutes on reading per week (100s 

minutes/week)
.007**
(.002)

.006**
(.002)

.006**
(.002)

.005*
(.002)

Constant −.046**
(.012)

.152†

(.088)
.186*
(.091)

.177*
(.090)

Student fixed effects Yes Yes Yes Yes
School characteristics Yes Yes Yes
Teacher characteristics Yes Yes
Instructional time covariates Yes

Note. Robust standard errors are in parentheses. Estimates are adjusted and weighted for the complex sampling design of the Early Childhood Lon-
gitudinal Study.
†p < .1. *p < .05. **p < .01.
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Table 7
Coefficients and Standard Errors From Regressions Predicting End-of-Year Science Achievement From Time on Science Content and 
Number of Science Topics Covered for Kindergarten and First, Second, and Third Grades

(1) (2) (3) (4) (5) (6) (7)

Panel 1: Kindergarten (n = 8,980)
Number of science topics covered 

in kindergarten
.004

(.008)
−.002
(.005)

.001
(.004)

.002
(.004)

.002
(.004)

.002
(.004)

.002
(.004)

Minutes on science per week in 
kindergarten (100s minutes/week)

−.052*
(.020)

−.032*
(.015)

.005
(.009)

.006
(.009)

.013
(.009)

.034*
(.013)

.030†

(.018)

Panel 2: First grade (n = 9,430)
Number of science topics covered 

in first grade
.003

(.010)
−.002
(.006)

.004
(.006)

.006
(.006)

.007
(.006)

.008
(.006)

.005
(.007)

Minutes on science per week in 
first grade (100s minutes/week)

−.014
(.022)

.000
(.010)

.006
(.009)

.006
(.009)

.007
(.009)

.034*
(.014)

.015
(.021)

Panel 3: Second grade (n = 10,200)
Number of science topics covered 

in second grade
−.004
(.010)

.005
(.004)

.006†

(.004)
.008*
(.004)

.008*
(.004)

.008*
(.004)

.010†

(.005)
Minutes on science per week in 

second grade (100s minutes/
week)

.016
(.017)

.009
(.007)

.010
(.007)

.009
(.007)

.010
(.007)

.020*
(.010)

−.013
(.015)

Panel 4: Third grade (n = 7,550)
Number of science topics covered 

in third grade
−.006
(.009)

.012**
(.003)

.012**
(.003)

.009**
(.003)

.010**
(.003)

.010**
(.003)

.009†

(.005)
Minutes on science per week in 

third grade (100s minutes/week)
.026

(.020)
.011

(.008)
.015*
(.007)

.010
(.007)

.011
(.007)

.039**
(.012)

.016
(.017)

Prior achievement scores Yes Yes Yes Yes Yes Yes
Child/family characteristics Yes Yes Yes Yes Yes
School characteristics Yes Yes Yes  
Teacher characteristics Yes Yes Yes
Instructional time covariates Yes Yes
School fixed effects Yes

Note. Standard errors are in parentheses. Estimates are adjusted and weighted for the complex sampling design of the Early Childhood Longitudinal Study.
†p < .1. *p < .05. **p < .01.

Table 8
Coefficients and Standard Errors From Regressions Predicting End-of-Year Achievement From Number of Science Topics Covered 
Across Kindergarten Through Grade 3 With Student Fixed Effects

(1) (2) (3) (4)

Science achievement (n = 37,320)
Number of science topics covered .006**

(.002)
.006**
(.002)

.006**
(.002)

.006**
(.002)

Minutes on science per week (100s minutes/week) .008*
(.003)

.009*
(.003)

.009**
(.004)

.024**
(.006)

Constant −.057**
(.013)

−.038
(.126)

−.015
(.126)

−.001
(.126)

Student fixed effects Yes Yes Yes Yes
School characteristics Yes Yes Yes
Teacher characteristics Yes Yes
Instructional time covariates Yes

Note. Robust standard errors are in parentheses. Estimates are adjusted and weighted for the complex sampling design of the Early Childhood Lon-
gitudinal Study.
*p < .05. **p < .01.
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Table 9
Coefficients and Standard Errors From Regressions Predicting End-of-Year Science Achievement From Time on Science Content and 
Number of Science Skills Covered for Kindergarten and First, Second, and Third Grades

(1) (2) (3) (4) (5) (6) (7)

Panel 1: Kindergarten (n = 8,980)
Number of science skills covered in 

kindergarten
.020†

(.012)
.013

(.009)
.010

(.007)
.013†

(.007)
.013†

(.007)
.012†

(.007)
.002

(.009)
Minutes on science per week in 

kindergarten (100s minutes/week)
−.056**
(.019)

−.038*
(.015)

.002
(.009)

.003
(.009)

.010
(.009)

.030*
(.013)

.030†

(.018)

Panel 2: First grade (n = 9,430)
Number of science skills covered in 

first grade
.038*
(.015)

.008
(.007)

.007
(.007)

.007
(.007)

.007
(.007)

.007
(.007)

.007
(.010)

Minutes on science per week in first 
grade (100s minutes/week)

−.018
(.022)

−.002
(.009)

.007
(.008)

.008
(.009)

.009
(.009)

.035*
(.014)

.015
(.020)

Panel 3: Second grade (n = 10,200)
Number of science skills covered in 

second grade
.070**
(.011)

.011
(.007)

.008
(.006)

.007
(.007)

.008
(.007)

.008
(.006)

.004
(.008)

Minutes on science per week in 
second grade (100s minutes/week)

.003
(.016)

.009
(.007)

.011†

(.006)
.010

(.007)
.011

(.006)
.021*
(.010)

−.011
(.015)

Panel 4: Third grade (n = 7,550)
Number of science skills covered in 

third grade
.055**
(.013)

.015*
(.007)

.014*
(.007)

.013*
(.007)

.013†

(.007)
.013†

(.007)
.005

(.008)
Minutes on science per week in third 

grade (100s minutes/week)
.011

(.019)
.014†

(.008)
.017*
(.007)

.011
(.007)

.012†

(.007)
.040**
(.011)

.017
(.017)

Prior achievement scores Yes Yes Yes Yes Yes Yes
Child/family characteristics Yes Yes Yes Yes Yes
School characteristics Yes Yes Yes  
Teacher characteristics Yes Yes Yes
Instructional time covariates Yes Yes
School fixed effects Yes

Note. Standard errors are in parentheses. Estimates are adjusted and weighted for the complex sampling design of the Early Childhood Longitudinal Study.
†p < .1. *p < .05. **p < .01.

Table 10
Coefficients and Standard Errors From Regressions Predicting End-of-Year Achievement From Number of Science Skills Covered Across 
Kindergarten Through Grade 2 With Student Fixed Effects

(1) (2) (3) (4)

Science achievement (n = 37,320)
Number of science skills covered .005

(.003)
.004

(.003)
.004

(.003)
.004

(.003)
Minutes on science per week (100s minutes/week) .010**

(.003)
.010**
(.003)

.011**
(.003)

.025**
(.006)

Constant −.055**
(.019)

−.031
(.126)

−.008
(.126)

.007
(.125)

Student fixed effects Yes Yes Yes Yes
School characteristics Yes Yes Yes
Teacher characteristics Yes Yes
Instructional time covariates Yes

Note. Robust standard errors are in parentheses. Estimates are adjusted and weighted for the complex sampling design of the Early Childhood Longi-
tudinal Study.
**p < .01.
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science and science achievement for Black students. In both 
kindergarten and second grade, the relationship between time 
on science instruction and achievement is significantly lower 
for Black students than their White peers. While we do not 
have a clear explanation for why this would be the case, it 
raises interesting questions for future research that could probe 
the experience of Black students in the earliest grades with 
regard to science instruction. Like with time on science, we 
found no clear patterns of differential relationships by sex, 
race/ethnicity, or use of a non-English language in the home 
for the relationship between the number of science topics (see 
online Appendix Tables D4, D5, and D6) or skills covered (see 
online Appendix Tables D7, D8, and D9) and science achieve-
ment. There was also little evidence that results varied based 
on students’ prior science achievement.

Exploratory Analyses

In some cases, our primary findings provided mixed evi-
dence. For example, we found positive and significant rela-
tionships between time on science and science achievement 
when using regression with observable controls as well as 
student fixed effects, but we found no such relationship in 
the school fixed effects models. Similarly, the number of 
topics covered showed a significant and positive relation-
ship with achievement in the student fixed effects models 
but not in the other specifications. We empirically explored 
several possible explanations for the lack of significant find-
ings across some specifications through post hoc analyses, 
and we present those results here.

Measurement error in teacher survey responses.  A possible 
explanation for a lack of consistent results across all specifi-
cations is that teacher responses to survey items may be sub-
ject to measurement error. We estimated the range in the 
total number of minutes per week that teachers reported pro-
viding instruction across all subject areas. Descriptive analy-
ses of these measures revealed that, on average, the range of 
reported instructional time by teachers in the same school 
was 323 min per week in third grade and 654 min per week 
in kindergarten. In other words, teachers in the same school 
often reported significantly different amounts of instruc-
tional time, despite presumably being subject to similar 
lengths of the school day, daily schedules, and expectations 
for instruction.

While some of this variation may reflect true differences 
in instructional time, such as a teacher who provides more 
recess or free play to students as compared to another who 
focuses more on academic instruction, we suspect that a 
great deal of the variation is attributable to differences in 
interpretation of the survey question or recall of instructional 
practice. For instance, some teachers might have double 
counted instructional time spent reading a book about nature 
as being both reading instruction and science instruction, 

while a different teacher may have categorized this time 
strictly under one subject or the other. We see suggestive 
evidence of this possibility in that approximately 25% of 
teachers reported a greater cumulative amount of instruc-
tional time than would reasonably be possible in a given 
school week (assuming 5 days with 6 hours of school per 
day). Given this, we did examine the relationship between 
time on mathematics instruction and time on reading instruc-
tion and students’ science achievement. Time on math and 
reading were not, however, consistently related to science 
achievement.

To further address the potential issue of measurement 
error, we reran our primary time-on-science models with a 
categorical measure (quintiles) of time on science as well as 
with the days-on-science-per-week and time-on-science-
per-day measures disaggregated (rather than our composite 
minutes-per-week measure). While such disaggregated mea-
sures will still be susceptible to recall and measurement 
issues, the results (see Appendix F, online) of the disaggre-
gated models were consistent with the primary models, sug-
gesting, at the least, that our use of a single continuous 
measure or our approach of combining the two original mea-
sures into a single composite was not driving insignificant 
results in the school fixed effects models. Overall, however, 
the evidence of wide variation in responses within schools 
leads us to question the validity of the school fixed effects 
models as such within-school variation is likely more sub-
ject to measurement error than the variation across schools, 
which, while still subject to measurement error, is likely to 
have a greater component of its variation attributable to real 
differences in instructional time.

In addition to error in reporting time on science instruc-
tion, teachers may have interpreted science topics/skills dif-
ferently, failed to recall that they were taught, or covered 
them to different degrees of depth. In the cases of both time 
on science and topics/skills covered, the measure is limited 
by the self-reported nature of the survey item. Teachers may 
have experienced recall issues given that they completed the 
survey in the latter half of the school year, or they may have 
answered the question in what they perceived to be a socially 
desirable or aspirational way. As such, the measures used are 
limited by the self-reported nature and any measurement 
error that is introduced as a result. To the extent that such 
measurement error is random, it would introduce an attenu-
ating effect on our estimates; however, systematic error 
related to both treatment and outcome could bias results.

Discussion

While not consistent across all specifications, the sugges-
tive finding that time on science content may be related to 
higher science achievement provides a contrast to findings 
of prior work using national data to examine the relationship 
between science instruction and science outcomes. For 
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instance, Saçkes and colleagues’ (2011) examination of the 
original ECLS-K found no relationship between the fre-
quency and duration of science instruction and an end-of-
kindergarten general knowledge test (which tested science 
content among other domains). The work presented here, 
while subject to limitations, suggests such prior work may 
have undersold the potential of time on science instruction to 
improve early science learning outcomes. By using newer 
data with true measures of science achievement and a more 
robust set of estimation strategies (including student fixed 
effects), the findings of this work suggest that time on sci-
ence in the early grades may be a useful lever for improving 
science outcomes. That said, the results provide less clear 
statements about the depth or breadth of science instruction, 
with fewer relationships seen between the number of topics 
or skills covered and science achievement.

What do the findings mean for current debates about 
science instruction?

Advocates for improving science outcomes often push 
for more time on the subject or to shifts in the coverage of 
content to facilitate greater depth of subject coverage 
(National Science Teachers Association [NSTA], 2018). 
They point to the relative lack of time spent in science 
instruction in the elementary years as compared to time 
spent on reading and mathematics and often criticize the 
increased accountability of the NCLB era, which many see 
as having contributed to a crowding out of science instruc-
tion in favor of more heavily tested subjects (Blank, 2012; 
Griffith & Scharmann, 2008; McMurrer, 2008). Similarly, 
they point to international assessments and studies that dem-
onstrate higher science performance among countries where 
depth of science content covered (fewer topics, covered in 
more detail) is the standard practice (Schmidt et al., 2005). 
This has led to an emphasis on more depth in instruction in 
various national policy documents during the past several 
decades (NGSS, 2013b; Schwartz et al., 2009).

The results of our study suggest that such structural-level 
changes, particularly allocating more time to science instruc-
tion in early classrooms, may drive some improvements in 
science achievement but are likely not sufficient to close 
achievement gaps or facilitate substantial gains in overall 
levels of science performance. For example, even in the case 
of time on science, where we saw the most evidence of a 
positive relationship with achievement, a 100-min gain in 
science instruction per week predicted a .022 to .037 stan-
dard deviation higher level of science achievement. Thus, 
even if schools were to increase elementary science instruc-
tion time by 400 min per week, bringing it into closer align-
ment with time spent on mathematics and reading, our 
estimates suggest that average gains in science achievement 
would be only one tenth of a standard deviation higher. 
While an improvement, this represents only about 10% to 

12% of the magnitude of the Black-White or Hispanic-White 
science achievement gap in kindergarten. In other words, 
simply allocating more time to science instruction or altering 
the depth/breadth of science instruction by changing the 
number of science topics or skills covered in the early ele-
mentary classroom does not appear to be a high-leverage 
means of improving science outcomes.

This is not to say that time for science instruction or the 
number of topics/skills covered are not potentially important 
components of improving early science achievement. 
Indeed, they may be necessary yet not sufficient components 
of effective science instruction. While the theoretical frame-
work of opportunity to learn positions exposure in terms of 
time and content covered as important, it also points to the 
importance of how instruction of such content occurs during 
that time—pedagogy—as well as the resources available to 
support such instruction (Carroll, 1989). It is possible that 
the impacts of time on science and depth of coverage are 
limited by a lack of use of effective science instructional 
practices or a lack of resources and supports to facilitate 
such practices. We turn then to a consideration of next steps 
for research that might better inform early science instruc-
tional practices.

Where can the research on science instruction in the early 
grades go next?

Our results point to the need for future research to con-
sider more nuanced examinations of early science instruc-
tion that hit closer to the core of the teaching and learning 
environment of the classroom. While the broad measures of 
the nationally representative ECLS-K:2011 are less suited to 
unpacking such approaches, future research with smaller 
samples and more nuanced measures may provide better evi-
dence of the types of science instruction that may promote 
student learning.

A first step for future research may be to build on existing 
studies of instructional practices in science in the earliest 
grades. On the one hand, a body of evidence suggests the 
importance of hands-on and inquiry-based scientific instruc-
tional practices (Calabrese Barton, Koch, Contento, & 
Hagiwara, 2005; Cuevas, Lee, Hart, & Deaktor, 2005; Furtak, 
Seidel, Iverson, & Briggs, 2012; Minner, Levy, & Century, 
2010; Schroeder, Scott, Tolson, Huang, & Lee, 2007). Despite 
evidence for the effectiveness of inquiry-based science instruc-
tion, such approaches to science have tended to be  
more common in the upper elementary, middle school, and 
high school grade levels, with fewer studies’ examining  
the early grades (Bulunuz, 2013; Patrick, Mantzicopoulos,  
& Samarapungavan, 2009; Samarapungava, Patrick, & 
Mantzicopoulos, 2011). At the same time, research examining 
mathematics and reading in the elementary school years has 
often found benefits of direct and teacher-led instruction 
(Ansari & Purtell, 2017; Guarino, Hamilton, Lockwood, 
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Rathburn, & Hausken, 2006; Kroesbergen, Van Luit, & Maas, 
2004; Morgan, Farkas, & Maczuga, 2015). These benefits 
have been particularly pronounced for students who come 
from the lower ends of the achievement distribution (Morgan 
et al., 2015). While some studies have begun to probe this area 
in elementary science (Granger et  al., 2012; Slavin, Lake, 
Hanley, & Thurston, 2014), future studies should seek to con-
tinue unpacking the relative value of different pedagogical 
approaches to science learning in the earliest grades.

In addition to examining pedagogical practices, future 
research should seek to further explore the integration of sci-
ence with other subject areas. This study provided sugges-
tive evidence that teachers may report time on science in an 
overlapping way with time on other subjects, likely as a 
result of integration of the subject areas. NSTA has advo-
cated for such an approach in recent position statements, and 
NGSS include an emphasis on such cross-cutting subject 
area integration (NGSS, 2013a; NSTA, 2018). Empirically, 
recent studies have demonstrated that science lessons that 
integrate inquiry with literacy activities may enhance stu-
dents’ enthusiasm for science and self-reported competency 
in science (Bradbury, 2014; Patrick et al., 2009). For exam-
ple, in one study, this approach involved the pairing of sci-
ence inquiry activities with books that aligned with similar 
content and writing activities such as keeping a science note-
book that detailed students’ inquiry activities (Patrick et al., 
2009). While such integration posed potential measurement 
issues in this study, it represents an area for active inquiry 
moving forward, in regard to both measurement and estab-
lishing a more robust evidence base for such integration to 
be done effectively in the earliest grades.

Finally, our work points to the need for future examina-
tions of what works and the supports needed to improve the 
quality of early science instruction. Prior research suggests 
that teacher professional development may be able to 
increase elementary teachers’ instruction and, in turn, out-
comes for students (Gropen, Kook, Hoisington, & Clark-
Chiarelli, 2017; Oliveira, 2010). For example, in an 
experimental examination of a preschool professional devel-
opment program, Gropen and colleagues found that profes-
sional development focused on content knowledge and 
pedagogical content knowledge improved both quality of 
instruction and student performance on science tasks 
(Gropen et  al., 2017). In addition to teacher professional 
development, support in the form of teaching resources may 
be critical. Bassok and colleagues report that the presence of 
a science/nature area or water/sand table in kindergarten 
classrooms has decreased by one third to one half from the 
late 1990s to the early 2010s (Bassok et al., 2016). Likewise, 
the number of first-grade teachers reporting the use of sci-
ence equipment in their classrooms has decreased by approx-
imately 50% during a similar time period (Bassok et  al., 
2016). The ability to leverage additional time or depth of 
coverage of topics/skills may be contingent on the presence 

of adequate resources such as these, suggesting that future 
work continue to probe the influence of resources on early 
science learning.

Conclusion

Improving student achievement in science and equity 
among subgroups of students remains a prominent goal of 
policy makers and educators alike. Recent studies using 
nationally representative data have demonstrated the impor-
tance of the early elementary years for later science achieve-
ment and disparities therein (Curran & Kellogg, 2016; 
Morgan et al., 2016). This study leveraged the first avail-
able nationally representative data with science achieve-
ment assessments in the earliest grades of elementary school 
to examine the relationship between several components of 
science instruction (time and breadth of content coverage) 
and subsequent science achievement. While providing some 
evidence that time on science matters for student outcomes, 
the results indicate that improvements in science achieve-
ment in the early grades will likely not be driven solely by 
higher level changes such as increasing the amount of time 
spent on science or adjusting the number of science topics 
or skills covered. Instead, the results point to the need for 
attention to more nuanced aspects of science instruction. 
For instance, aspects of curriculum, classroom resources, 
teacher training, and pedagogical approach may hold more 
promise for improving science learning. The results moti-
vate the need for continued research on early science  
education and for reflection by practitioners on their current 
practices.
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