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Abstract: In this empirical study we examined the effect of a litera-
cy-infused science intervention on fifth grade economically chal-
lenged students’ science achievement in the curriculum-based and
standardized assessments. A total of 27 treatment students and 20
comparison students from two intermediate schools in a rural dis-
trict in South Texas in the United States participated in the present
study. The intervention consisted of ongoing, structured, bi-weekly
virtual professional development (VPD) with virtual mentoring and
coaching (VMC) at the teacher level and literacy-infused science
lessons with inquiry-based learning delivered at the student level.
Results revealed a significant and positive intervention effect in
favor of treatment students as reflected in higher normal curve
equivalent scores in the standardized science assessment and high-
er scores in curriculum-based assessment. We conclude that the
literacy-infused science intervention, inclusive of evidence-based
curriculum, VPD, and VMC, is particularly beneficial for promot-
ing science learning for the students in rural areas with educational
and economical challenges due to geographic isolation.
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Introduction

VER the past decades, the population of economically challenged (EC) stu-

dents has been growing steadily in the United States. According to United

States Department of Agriculture (USDA), Food and Nutrition Service (2021),
the percentage of students who participated in free or reduced lunch programs (FRLP)
were 30.3 million children in 2016; 29.9 million in 2017; 29.7 million in 2018; 29.5
million in 2019, and 22.4 million in 2020 (2020 was impacted by COVID-19). Students
who participate in FRLP, those in our study are considered to be EC students, are those
with participation based on their families’ incomes of 130% and 185% of the Federal
poverty level; schools are not allows to charge more than 40 cents for a reduced price
lunch (USDA, 2017).

EC students have been reported to academically underperform when compared
to their monolingual, middle, and upper-class peers (McFarland et al., 2019). According
to the Texas Education Agency (2019), there were 60.6% EC students enrolled in public
schools in 2018-2019 (2018-2019 data are the latest data for Texas, since 2019-2020
reporting is incomplete due to COVID-19). In fifth-grade in 2019, 39% of EC students
passed the state standardized science and 43% in the reading assessment, respectively,
at the level of meets grade level or above, compared to 49% of all students in science
and 54% in reading. Such gaps in science and reading remained similar in the eighth
grade (Texas Education Agency (TEA), 2019).

The EC students face the challenge to acquire the language of science to be
able to understand science concepts, phenomena, and inquiries that are offered in the
reform - based science instruction (Stage et al., 2013). To address the challenge, re-
searchers have recommended the infusion of language and literacy into science instruc-
tion to support science learning (i.e., Llosa et al., 2016; Maerten-Rivera et al., 2016;
Tong et al., 2014a; Tong et al., 2014b). Researchers have determined effective strate-
gies integrating science and literacy to encourage teachers’ use of scientific classroom
discourse (e.g., Lewis et al., 2015), improve teachers’ quality of instruction (e.g.,
Maeng et al., 2018), and increase teachers’ understanding, confidence, and delivery of
science-literacy integration instruction (e.g., Maeng et al., 2020; Santau, et al., 2010;
Tong et al., 2019). Such integrated instruction has demonstrated positive evidence of
enhancing students’ learning in science (i.e., Llosa et al., 2016; Maerten-Rivera et al.,
2016) or in both science and literacy (Lara-Alecio et al., 2012; Tong et al., 2014a,
2014b).

However, academic language is frequently information-dense, abstract, and
technical (Huerta et al., 2016; Lara-Alecio et al., 2018), and teachers may lack the
knowledge or capacity integrating robust language-based activities in the science class-
room (Lee, 2005; Rubini et al., 2018). Science teachers are required to understand and
learn how to construct a learning environment for students to acquire science-specific
vocabulary for meaning-making, further to learning science core ideas, concepts and
practices (Buxton & Caswell, 2020; Greenleaf et al., 2011; Irby et al., 2018; 2020).
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To improve their instructional practices, teachers, particularly those from rural
areas (Tang et al., 2021a), need to be provided the following educational resources re-
lated to science and literacy infusion (a) research-based curriculum (Arias et al., 2016;
Cervetti et al., 2015); (b) structured ongoing virtual professional development ([VPD;
Irby et al., 2015]; Costello et al., 2014; Mackey, 2009; Tang, 2018); and (c) virtual
mentoring and coaching (VMC; Irby, 2015), as part of VPD, which provides teachers
real-time pedagogical support to transfer their understanding of the science and literacy
infused curriculum and knowledge gained from VPD and VMC to classroom instruction
(Irby et al., 2020). Effective professional development and mentoring and coaching also
help teachers better understand critical components of literacy and science infusion and
implement the intervention with high fidelity (Tang et al., 2020). Researchers suggested
that professional development and mentoring and coaching need to be provided with
substantial frequency and length to be effective on teachers’ instruction and further
transfer on students’ outcome (Maerten-Rivera et al., 2016; Tong et al., 2014b). In par-
ticular, VPD and VMC, in the virtual format, provide the same quality of support and
resources and allow more flexibility for teachers with different time schedules and loca-
tions than do traditional face-to-face professional development and mentoring and
coaching (Irby et al., 2020; Tong et al., 2015).

Rural school districts, including the current study context, are reported to have
limited state and federal funding to address various school needs (Showalter et al., 2017;
Wang et al., 2019; Williams, 2010). These districts normally have significantly low
instructional expenditure (Tang et al., 2021b), and high percent of EC students (Strange
et al., 2012), student mobility (Paik & Phillips, 2002; Reynolds et al., 2009), and teach-
er turnover (Lowe, 2006). Students in rural districts demonstrate relatively low academ-
ic achievement in reading (Cantrell et al., 2018; Tang et al., 2021a) and science (Hol-
land et al., 2011; Wang et al., 2019) as compared to students in districts serving middle-
and upper-class population. Due to geographic isolation and limited educational re-
sources, rural teachers have not been provided with adequate professional development
opportunities (Vernon-Feagans et al., 2010) to be trained to integrate literacy and sci-
ence instruction for supporting their students’ science learning (Tang et al., 2021a;
Wang et al. 2019). Lara-Alecio et al. (2021) confirmed that when provided with the
same VPD, rural teachers demonstrated similar gains in content knowledge and peda-
gogy as their peers in urban and suburban school districts. Given the feasibility and ac-
cessibility of virtual delivery, VPD and VMC seem to be possible solutions for rural
teachers to access the quality pedagogical support for providing literacy-infused science
instruction to their students.

Purpose, Context, and Research Questions

The purpose of the current study was to investigate the impact of a literacy-infused sci-
ence intervention on fifth-grade students’ science achievement in a rural school district
in the state of Texas in the United States. The rural district in our case study served
more than 60% of students on free and reduced lunch, and 30% of students failed State
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of Texas Assessments of Academic Readiness (STAAR, state high-stakes test) in fourth
grade reading. Treatment teachers received VPD and VMC support based on a 25-week
literacy-infused science (LIS) curriculum intervention delivered daily to their students.
We compared students’ science achievement between the treatment and control condi-
tions. The following research questions guided our study:
(1) Is there a statistically significant difference in students’ science achievement
(as measured by state standardized assessment) between treatment and control
conditions, controlling for their initial performance at the beginning of 5"
grade?
(2) Is there a statistically significant difference in students’ science achievement
(as measured by curriculum-based assessment) between treatment and control
students, controlling for their initial performance at the beginning of 5™ grade?

Method

Research Design

This study is derived from a larger randomized, longitudinal literacy-infused science
project funded by the U.S. Department of Education (LISTO, #U411B16001). The larg-
er project was designed to increase 5th grade science teachers’ instructional capacity
and their students’ science and English literacy in rural and non-rural schools across
Texas for EC students, inclusive of former and current English learners. The current
study focused on one rural school district located in the boundaries of South Texas and
the Texas Coastal Bend region. We selected this district because of a large student pop-
ulation (68.4%) eligible for free or reduced lunch (TEA, 2018). Further, this district
included schools in both conditions whereas other rural districts in the larger project
only had one school. In addition, 92.4% of the students in this district were Hispanic
(TEA, 2018). Two middle schools (grades 5 and 6) in the districts were randomly as-
signed to treatment and control conditions in the 2017-2018 school year when the inter-
vention started.

Participants

In this study, we included all consented teachers and students in both treatment and con-
trol campuses. There were three control teachers and two treatment teachers with an
average of 13.6 years of teaching science. All teachers held a bachelor’s degree as well
as Texas Certification in Grade 4-8 Generalist or EC-6 Generalist and are certified to
teach science subject. Each participating teacher taught one section of science on their
respective campus. As was mentioned earlier, two intermediate schools were randomly
assigned to treatment and comparison conditions to avoid contamination of the inter-
vention between treatment and control classrooms. At the student level, there were 50
students (30 in treatment; 20 in control) who took pre-test in science before intervention
and reported their performance in the state high-stakes reading test in fourth grade. At
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the end of the year-long intervention, 47 students (27 in treatment; 20 in control) took
post-test, which was the analytical sample in this study. It is worth noting that only 70%
of control students and 63% of treatment students passed fourth grade state high-stakes
reading test.

Literacy-infused Science Intervention-Teacher Training

Literacy-infused science intervention in the larger research project included three major
components: virtual professional development (VPD), virtual mentoring and coaching
(VMC), and literacy-infused science (LIS) curriculum. Treatment teachers participated
in bi-weekly synchronous VPD sessions throughout the year-long intervention. The
sessions were delivered through high-definition video conferencing, in which VPD
coaches worked with treatment teachers on previewing upcoming lessons, building ca-
pacity for LIS teaching, implementing instructional strategies, and reflecting on student
learning. Treatment teachers also viewed modeling videos related to upcoming science
inquiry activities. VPD sessions were recorded and shared with treatment teachers to
revisit and review as needed. In addition, treatment teachers participated in VMC that
was conducted via an online platform for coaches to virtually observe and provide real-
time feedback on treatment teachers’ delivery of LIS curriculum.

Literacy-infused Science Intervention-Curriculum

The literacy-infused science (LIS) used in the current study was derived from a previ-
ous intervention that demonstrated effectiveness in improving EC students’ science
achievement (Tong et al., 2014b). The LIS curriculum is standards-aligned and follows
the 5E hands-on science model (Bybee et al., 2006). It is a 25-week LIS curriculum for
approximately 80 minutes daily. Instructional components and strategies were embed-
ded to support students’ academic science vocabulary and concepts via listening, speak-
ing, reading, and writing in science. It also includes technology integration for students
to access online educational tools and science-related software or applications via tab-
lets. In this section, we present examples of the LIS curriculum. First, each lesson plan
unit includes language objectives that specify how literacy (listening, speaking, reading,
and writing) will be developed or supported during the teaching of the science concept.
The example in Figure 1 represents daily objectives related to earth’s changing surface
in one week.

Treatment teachers were also provided resources to support LIS implementa-
tion. For example, the images in Figure 2 display slides from a corresponding Power-
Point presentation to guided students to describe and compare the landform models they
created using clay.

The literacy infusion can also be reflected on the vocabulary slide in Figure 3,
which includes a variety of embedded strategies including (a) breaking down the word
into syllables, (b) providing a student friendly definition, (c) providing a real-life image
representing the target word, (d) a sentence including the use of the target word, and (e)
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Daily Objectives

Science Objectives

Day 1 The students will build models of naturally
occurring landforms such as mountains,
rivers, and canyons.

The students will explore how changes to
the Earth’s surface caused by wind and
water affect humans.

The students will use models to explore
the rate water and wind can change the
Earth’s surface.

The students will investigate factors that
increase or decrease the damage caused
by landslides.

The students will apply their knowledge to
reduce the negative effects of earth’s
changing surface through flooding.

Day 2

Day 3

Day 4

Day 5

Language Objectives

The students will name and describe landforms based
on evidence found in images and 3D models.

The students will use scientific terms to describe how
wind and water change the surface of the Earth.

The students will read on grade-level text related to
natural hazards like landslides, avalanches, and
floods.

The students will write to reflect on the damage cause
by water- and wind-based natural hazards.

The students will use scientific terminology and evi-
dence to evaluate and critique their peers proposed
solutions to the flooding river challenge.

Figure 1. Week 10 Days One to Five Daily Science and Language Objectives.

We use models to represent scientific

system or layers of the Earth.

deltas, or sand dunes.

your landform?

LISTO Earth’s Changing Surface

LISTO

Earth’s Changing Surface

Building Your Mini-Model
phenomena like the organization of the solar

Use your modeling clay to create a model of
a specific landform like mountains, canyons,

What are some key features of

Comparing Mini-Models

How would you describe your landform model
to a friend or family member?

Practice describing each landform
model with your table group.

Compare your landform models.
* How are your models similar?
» How are your models different?

4.7B,5.78

Day One

4.7B,5.7B Day One

Figure 2. Week 10 Days One Hands-on Activity: Building Your Mini-Model.

SIEF, Vol.9, No.1, 2021
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del ta

Deltas form when sand and mud are carried
by a river and deposited where the river
forks, or opens up, into a larger body of

water.

How is the formation of a delta an example of
constructive (building new land) forces?

How is the formation of a delta an example of
deconstructive (taking away land) forces?

LISTO Earth’s Changing Surface 4.7B,5.7B

delta (noun) — a landmass that forms at the mouth of a river

e

Figure 3. Week 10 Days One Science Vocabulary.

Erosion Simulation

What are the unique features of the

landform you chose? . Q

How do you predict that your landform g |
will be affected by the moving water, |
blowing wind, or freezing ice? G

Was your prediction correct? What
evidence supports your prediction?

»»»»»

Are these simulations of rapid changes
to the Earth’s surface or do they happen
slowly over long periods of time?

LISTO Earth’s Changing Surface 4.7B, 5.7B

Day Three

Figure 4. Week 10 Day Three Online Simulation.

Partner Reading Activity
Preview the vocabulary list at the top —

of the Reading Guide

Read passages in the Grade 4/5
Science Handbook
1. pp.162-171 Weathering & Erosion
2. pp.184-185 Floods & Landslides

Respond to the questions on your g
Reading Guide

LISTO Earth’s Changing Surface 4.7B,5.7B

Day Three

Figure 5. Week 10 Day Three Partner Reading Activity.

SIEF, Vol.9, No.1, 2021

1130



Irby et al. A Literacy-infused Science Intervention and Economically Challenged Students.

Reading Reflections

You just read about some of ways the surface of the
earth changes. Some changes are slow and some
are rapid.

e How are the processes of weathering, erosion,
and deposition related to the formation of a
canyon?

e How are the processes of erosion and deposition &
related to floods and landslides?

e Discuss how a canyon forming and flooding are ‘
the same. How are they different?

LISTO Earth’s Changing Surface 4.7B,5.7B Day Three

Figure 6. Week 10 Day Three Reading Reflection.

Landslide Investigation

You will model two different slopes of
loose sediment to observe a landslide

LISTO Earth’s Changing Surface 4.7B,5.7B Day Four

Figure 7. Week 10 Day Three Reading Reflection.

questions for students to discuss and respond to that provide opportunities for students
to practice using academic vocabulary.

Figure 4 provides students with focus questions as they work through an
online simulation related to erosion.

Figure 5 guides students through a partner reading activity. Students are strate-
gically partnered based on their reading level. After previewing vocabulary that will be
encountered in the text, partners take turns reading the assigned text (e.g., partner A
reads the first paragraph, partner B reads second paragraph), support each other during
reading by helping to decode challenging words, and calling attention to expository text
structures (e.g., images, graphics, captions, headings, subheadings, bold words). After
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reading, partners read the comprehension questions on the reading guide to discuss and
record their responses (see Figure 6).

Figure 7 is displayed while small groups of students work through a hands-on,
collaborative activity to investigate two landslide slopes. Students refer to the activity
guide for instructions and to record their observations.

Instruments

In the fifth grade intervention, students were pre-and post-tested using a standardized
assessment and a curriculum-based researcher developed assessment. The lowa Test of
Basic Skills [ITBS] (Dunbar et al., 2015) is a norm-referenced, group-administered test
measuring knowledge and skills in academic areas, including reading, math, science,
social studies, and etc. For the purpose of the larger project, we administered the sci-
ence subtest (ITBS Level 11 Form E) to measure students’ knowledge of scientific
principles and information, and the methods and processes of scientific inquiry. Accord-
ing to the test manual, reliability is reported at 0.848 in form of Kuder-Richardson For-
mula 20 (K-R 20). There are 37 items in the ITBS Level 11 Form E. The Big Ideas in
Science Assessment (BISA) is a researcher-developed standards-aligned science as-
sessment, which is developed following big ideas in science based on standards (see
Lara-Alecio et al., 2018 for the details of development and validation of BISA). There
are 30 items in the BISA test. To examine the impact of literacy-infused science inter-
vention on students’ science achievement, students’ fourth grade English reading profi-
ciency measured by the State of Texas Assessments of Academic Readiness (STAAR)
reading assessment were collected. Grade 4 STAAR reading examined whether students
demonstrate an ability to understand and analyze written, literary, and informational
texts across reading genres (TEA, 2017).

Data Collection and Analysis

To address the first research question, we examine the differences in the post-test of
ITBS between treatment and control students, controlling for their performance in ITBS
pre-test and fourth grade English reading proficiency. Normal curve equivalent (NCE)
scores generated from ITBS were used for analysis. To address the second research
question, we compared the differences in the post-test of the BISA between treatment
and control students, controlling for their performance in the BISA pre-test and four
grade STAAR reading scores. Analysis of covariance (ANCOVA) was conducted with
the pre-test and fourth grade STAAR reading as covariates and post-test as the outcome
variable to monitor students’ science learning and compare between treatment and con-
trol conditions.

Students took the fourth-grade STAAR reading assessment at the end of fourth
grade, and school districts transferred their scale scores to us at the end of fifth grade.
The BISA and the ITBS assessments were given at the beginning and end of grade 5.
The number of items answered correctly in BISA, ITBS NCE scores, and STAA read-
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ing scaled scores were used in data analysis. A total of 47 students (27 in treatment; 20
in control) completed the intervention and had both pre-and post-test scores.

Results

Descriptive statistics of pre- and post-tests from both treatment and control conditions
are listed in Table 1. There was no statistically significant difference between treatment
and control students regarding their pre-intervention science achievement as measured
by ITBS (p = 0.465, Cohen’s d = -0.218) and BISA (p = 0.074, Cohen’s d = 0.074).
According to the What Works Clearing House (WWC, 2017), an effect size with an
absolute value greater between 0.05 to 0.25 indicated baseline equivalence was
achieved, but pre-test scores need to be included as the covariate in the outcome analy-
sis. In the following section, we present our findings by research questions.

RQL1. Is there a statistically significant difference in students’ science achieve-
ment (as measured by state standardized assessment) between treatment and control
conditions, controlling for their initial performance at the beginning of 5™ grade?

An ANOVA was performed to determine the effect of the literacy-infused sci-
ence intervention on students’ science achievement measured by nationally normed test,
ITBS, after controlling for students’ pre-intervention performance. The results (see Ta-
ble 2) indicated that there was a statistically significant difference in post-intervention
ITBS NCE scores between intervention and control students after adjustment for pre-
intervention performance in science measured by ITBS and in reading measured by

Grade 4 STAAR Reading test, F(1, 43) = 19.24, p <0.001, partial n2:O.309, suggesting
a statistically large effect size (Cohen, 1969; Richardson, 2011).

RQ 2. Is there a statistically significant difference in students’ science
achievement (as measured by curriculum-based assessment) between treatment and
control students, controlling for their initial performance at the beginning of 5 grade?

An ANOVA was performed to determine the effect of the literacy-infused sci-
ence intervention on students’ science achievement as measured by researcher-
developed curriculum-based instrument of BISA, after controlling for students’ pre-
intervention performance. The results (see Table 3) indicated that there was a statisti-
cally significant difference in post-intervention BISA scores between treatment and
control students after adjustment of students’ pre-intervention performance in science as
measured by BISA and in reading as measured by Grade 4 STAAR, F(1, 43) = 6.188, p

=0.017, partial n2: 0.126, suggesting a statistically medium to large impact (Cohen,
1969; Richardson, 2011).

Discussion and Conclusion

In this study, we investigated the impact of a literacy-infused science intervention on
fifth-grade students’ science achievement in a rural school district in the state of Texas
in the United States. Our study included bi-weekly VPD over 25 weeks with mentoring
and coaching of the LIS curriculum delivered by science teachers. Our results indicated
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Tablel. Description of Pre and Post and Baseline Equivalence.

Pre-test/Baseline Equivalence Post-test

Condition N Mean S.D. Cohen’s d Mean S.D.
Treatment 27 35.6 18.72

ITBS_NCE -0.218 4341 16.77

- Control 20 40.35 20.28 26.70 24.36

Treatment 27 11.9 5.75

BISA 0074 17.07 4.11
Control 20 11.85 5.1 15.05 6.07

Table 2. ANCOVA Results of Comparing Treatment and Control Students’

Science Improvement Measure by ITBS NCE Scores Controlling for Students’
Initial Performance in Reading and Science.

Source SS df MS F p-value Partial Eta Squared
Intercept 2,631.76 1 2,631.76 10.57 0.002 0.197

Condition 4,789.74 1 4,789.74 19.24 <0.001 0.309
ITBS_Pre_NCE 73.04 1 73.04 0.29 0.591 0.007

G4 STAAR Reading 3,985.35 1 3,985.35 16.01 <0.001 0.271

Error 10,702.99 43 24891

Total 83,724.00 a7

Note: SS, sum of squares; MS, mean squares; df, degree of freedom.

Table 3. ANCOVA Results of Comparing Treatment and Control Students’

Science Improvement Measure by BISA Controlling for Students’ Perfor-
mance in Reading and Science before Intervention.

Source ss df  MS F p-value gg[j‘;?'e'jta
Intercept 11.231 1 11231 0.843 0.364 0.019
Condition 82.416 1 82416 6.188 0.017 0.126

G4 STAAR Reading _ 88.620 1 88620 6.654 0.013 0.134
BISA Pre 121511 1 121511 9.124 0.004 0.175
Error 572.692 43 13.318

Total 13,540.000 47

Note: SS, sum of squares; MS, mean squares; df, degree of freedom.

a positive effect of the literacy-infused science intervention on fifth grade students’ sci-
ence achievement on a standardized test as well as a researcher-developed test, with
medium to large effect sizes. This is consistent with previous studies that integrating
instructional components of literacy and language into a subject area would yield higher
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achievement in that subject (Llosa et al., 2016; Lara-Alecio et al., 2018; Maerten-Rivera
et al., 2016).

A further examination of students’ performance on ITBS indicated that after
one year of literacy-infused science intervention, treatment students on average make
more than one year’s gain (8 points increase in NCE) in contrast with a loss of 13 points
in NCE scores among control students. Given the relatively low passing rate of fourth
grade STAAR reading test (both conditions having one-third of students who failed the
test), treatment students’ progress in science learning suggested that extra literacy sup-
port, as embedded in LIS curriculum played a critical role in supporting low-achieving
students’ science learning. Further, by the end of 5th grade, the average performance of
these students was still below the national average (50 points on NCE). We argue that
one year of LIS intervention was effective for EC students, and anticipate a continued
upward trajectory with a longer duration of such intervention or early intervention that
spans longitudinally which has been reported to have strong impact on students’ science
achievement (Tong et al., 2014a).

The findings are consistent with the previous studies with grade 5 EC students
(i.e., Tong et al., 2014a; 2014b) and were also supported by theorists (e.g., Halldén,
1999) and researchers (Kieffer et al., 2009; Lee & Stephens, 2020) who advocated and
highlighted the benefit of language/literacy support for diverse learners. In rural school
districts with a high percent of EC students and students who underperform in read-
ing/literacy (Showalter et al., 2017; Wang et al., 2019), our literacy-infused science in-
tervention is promising and beneficial as we found that it scaffolds students’ science
learning with extra science-related literacy support, which addressed the needs of these
ED students in rural schools. In science classrooms, students are expected to apply liter-
acy skills to conceptualize ideas, make connections, and exchange their scientific
thoughts with their peers (Wright et al., 2016). The literacy-infused science instruction
(Lara-Alecio, et al, 2016), as was described in our study, provided opportunities for
students to practice their language skills and at the same time in a content area,
strengthen the foundation for establishing background knowledge and vocabulary, and
increase their academic achievement. This finding is also supported by findings from
August et al. (2009). Our findings are particularly important for rural school teachers
and students.

We also emphasize that the VPD that supported teachers’ learning about lan-
guage-and-literacy infused instruction is helpful for teachers to understand the critical
role of literacy in students’ science learning, particularly for teachers in rural districts
with limited instructional and PD resources (Vernon-Feagans et al., 2010). Furthermore,
even experienced science teachers may face challenges in implementing inquiry-based
practices. Strategies, such as modeling teaching and peer collaboration, as were includ-
ed in our VPD, supported teacher learning, shaped teachers’ pedagogical practices, and
further created more structure opportunities for students’ science learning. Arais et al.
(2016) also support this conclusion. In our intervention, VPD coaches worked with
treatment teachers to preview lessons and reflect on student learning, and provide real-
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time feedback on treatment teachers’ delivery of LIS instruction, which ensured teach-
ers’ fidelity of implementing the LIS curriculum.

Implication for Literacy-infused Science Intervention
of EC students in Rural schools

Due to isolated geographic characteristics and relatively small enrollment, rural schools
have limited access to educational resources and state and federal funding, which limits
rural teachers’ professional growth (Showalter et al., 2017; Tang et al., 2021a; Wang et
al., 2019). While science teachers hold the most important role in supporting students’
science knowledge and literacy learning, they need an environment or a platform that
supports their professional development, provides equitable access to instructional re-
sources, and promotes students’ science learning as a natural consequence. VPD and
VMC seem to be such environments that teachers, especially rural teachers, can receive
in an equitable manner, as high a quality of professional development and mentoring
and/or coaching as do their peers in more privileged districts.

Beyond VPD and VMC, the literacy-infused science curriculum that incorpo-
rates 5E model and integrated with literacy support for developing students’ listening,
speaking, reading, and writing in science context, is particularly resourceful for science
teachers who work with EC students. Access to these resources may contribute to re-
ducing the achievement gap between rural and non-rural students (Tang et al., 2021a).
As Lara-Alecio et al. (2021) pointed out, VPD and VMC enhanced teachers’ content
knowledge and instructional capacity, regardless of teachers’ locations. Our study con-
firmed the benefit of VPD, VMC, and LIS curriculum which enhance science teachers’
instructional capacity and professional growth, and promote students’ science achieve-
ment in rural schools. It also stands to reason that such benefit to teachers and students
in the teaching and learning of science may extend to other school settings that serve a
large population of EC and under-privileged population.

References

Arias, A.M., Bismack, A.S., Davis, E.A., & August, D., Shanahan, T., & Escamilla, K.
Palincsar, A.S. (2016). Interacting with a (2009). English language learners: Develop-
suite of educative features: Elementary sci- ing literacy in second-language learners-
ence teachers’ use of educative curriculum Report of the National Literacy Panel on
materials. Journal of Research in Science Language-Minority Children and Youth.
Teaching, 53(3):422-449. DOI: Journal of Literacy Research, 41(4):432-452.

https://doi.org/10.1002/tea.21250

SIEF, Vol.9, No.1, 2021 1136


https://doi.org/10.1002/tea.21250

Irby et al. A Literacy-infused Science Intervention and Economically Challenged Students.

DOI:
https://doi.org/10.1080/10862960903340165

Buxton, C.A., & Caswell, L. (2020). Next gen-
eration sheltered instruction to support mul-
tilingual learners in secondary science class-
rooms. Science Education, 104(3):555-580.
DOI: https://doi.org/10.1002/sce.21569

Bybee, R.W., Taylor, J.A., Gardner, A, Van
Scotter, P., Powell, J.C., Westbrook, A., &
Landes, N. (2006). The BSCS 5E instruc-
tional model: Origins and effectiveness.
BSCS.

Cantrell, S.C., Rintamaa, M., Anderman, E.M.,
& Anderman, L.H. (2018). Rural adolescents’
reading motivation, achievement and behav-
ior across transition to high school. The
Journal of Educational Research,
111(4):417-428. DOI:
https://doi.org/10.1080/00220671.2017.1284
737

Cervetti, G.N., Kulikowich, J.M., & Bravo, M.A.
(2015). The effects of educative curriculum
materials on teachers’ use of instructional
strategies for English language learners in
science and on student learning. Contempo-
rary Educational Psychology, 40:86-98.
DOI:
https://doi.org/10.1016/j.cedpsych.2014.10.0
05

Cohen, J. (1969). Statistical power analysis for
the behavioural sciences. Academic Press.

Costello, E., Corcoran, M.A., Barnett, J.S.,
Birkmeier, M.C., Cohn, R., Ekmekci, O.,
Falk, N.L.,Harrod, T., Herrmann, D., Robin-
son, S., & Walker, B. (2014). Information
and communication technology to facilitate
learning for students in the health profes-
sions: Current uses, gaps, and future direc-
tions. Online Learning: Official Journal of
the Online Learning Consortium, 18(4):1-18.
https://pdfs.semanticscholar.org/1595/c9819
5cac94a370dabe2c65d46d3d4e43434.pdf

Dunbar, S., Welch, C., Hoover, H.D., Forsyth,
R.A., Frisbie, D.A., & Ansley, T.N. (2015).
lowa assessments research and development
guide: Forms E and F. The University of lo-
wa.
https://itp.education.uiowa.edu/ia/documents
/Research-Guide-Form-E-F.pdf

SIEF, Vol.9, No.1, 2021

Greenleaf, C.L., Litman, C., Hanson, T.L.,
Rosen, R., Boscardin, C.K., Herman, J.,
Schneider, S.A., Madden, S., & Jones, B.
(2011). Integrating literacy and science in
biology: Teaching and learning impacts of
reading apprenticeship professional devel-
opment. American Educational Research
Journal, 48(3):647-717. DOI:
https://doi.org/10.3102/0002831210384839

Halldén, O. (1999). Conceptual change and con-
textualization. In Schnotz, W., Vosniadou, S.,
& Carretero, M. (Eds.). New perspectives on
conceptual change (pp53-pp65). Emerald
Group Publishing Limited.

Holland, G., Mann, M., Daniels, C., & Hester, J.
(2011). Elementary Science Student
Achievement and School District Enrollment
Sizes in Texas. Schooling, 2(1): 1-11.
http://www.nationalforum.com/Electronic%
20Journal%20Volumes/Holland,%20Glenda
%20Elementary%20Science%20Student%?2
0Achievement%20SCHOOLING%20V3%2
ON1%202011.pdf

Huerta, M., Tong, F., Irby, B.J., & Lara-Alecio,
R. (2016). Measuring and comparing aca-
demic language development and conceptual
understanding via science notebooks. The
Journal of Educational Research,
109(5):503-517. DOI:
https://doi.org/10.1080/00220671.2014.9925
82

Irby, B.J. (2015). Editor’s overview: Virtual
mentoring and coaching (VMC). Mentoring
and Tutoring: Partnership in Learning,
23(3):183-186. DOI:
https://doi.org/10.1080/13611267.2015.1085
695

Irby, B.J., Lara-Alecio, R., Tong, F., Sutton-
Jones, K.L., & Abdelrahman, N. (2018). Im-
plementation of research-based ESL strate-
gies with lower grade middle school ELLs in
the science classroom: Findings from an ex-
perimental study. TESL-EJ, 22(1):1-25.
http://www.tesl-ej.org/pdf/ej85/a2.pdf

Irby, B.J., Sutton-Jones, K.L., Lara-Alecio, R.,
& Tong, F. (2015). Informal individual
learning via virtual professional develop-
ment: A proposal for massive open online
professional informal individual learning
(MOORPIL). In F.M. Nafukho & B. J. Irby

1137


https://doi.org/10.1080/10862960903340165
https://doi.org/10.1002/sce.21569
https://doi.org/10.1080/00220671.2017.1284737
https://doi.org/10.1080/00220671.2017.1284737
https://doi.org/10.1016/j.cedpsych.2014.10.005
https://doi.org/10.1016/j.cedpsych.2014.10.005
https://pdfs.semanticscholar.org/1595/c98195cac94a370da6e2c65d46d3d4e43434.pdf
https://pdfs.semanticscholar.org/1595/c98195cac94a370da6e2c65d46d3d4e43434.pdf
https://itp.education.uiowa.edu/ia/documents/Research-Guide-Form-E-F.pdf
https://itp.education.uiowa.edu/ia/documents/Research-Guide-Form-E-F.pdf
https://doi.org/10.3102/0002831210384839
http://www.nationalforum.com/Electronic%20Journal%20Volumes/Holland,%20Glenda%20Elementary%20Science%20Student%20Achievement%20SCHOOLING%20V3%20N1%202011.pdf
http://www.nationalforum.com/Electronic%20Journal%20Volumes/Holland,%20Glenda%20Elementary%20Science%20Student%20Achievement%20SCHOOLING%20V3%20N1%202011.pdf
http://www.nationalforum.com/Electronic%20Journal%20Volumes/Holland,%20Glenda%20Elementary%20Science%20Student%20Achievement%20SCHOOLING%20V3%20N1%202011.pdf
http://www.nationalforum.com/Electronic%20Journal%20Volumes/Holland,%20Glenda%20Elementary%20Science%20Student%20Achievement%20SCHOOLING%20V3%20N1%202011.pdf
http://www.nationalforum.com/Electronic%20Journal%20Volumes/Holland,%20Glenda%20Elementary%20Science%20Student%20Achievement%20SCHOOLING%20V3%20N1%202011.pdf
https://doi.org/10.1080/00220671.2014.992582
https://doi.org/10.1080/00220671.2014.992582
https://doi.org/10.1080/13611267.2015.1085695
https://doi.org/10.1080/13611267.2015.1085695
http://www.tesl-ej.org/pdf/ej85/a2.pdf

Irby et al. A Literacy-infused Science Intervention and Economically Challenged Students.

(Eds.). Handbook of research on innovative
technology integration in higher education
(pp343-pp355). I1GI Global. DOI:
https://doi.org/10.4018/978-1-4666-8170-5

Irby, B.J., Tong, F., Lara-Alecio, R., Guerrero,
C., Guo, W., Abdelrahman, N., & Serrano, J.
(2020). Teacher perceptions of the effective-
ness of a science-infused literacy interven-
tion for English language learners. Pedagog-
ies: An International Journal, 15(1):18-39.
DOI:
https://doi.org/10.1080/1554480X.2019.167
3165

Kieffer, M.J., Lesaux, N.K., Rivera, M., & Fran-
cis, D.J. (2009). Accommodations for Eng-
lish language learners taking large-scale as-
sessments: A meta-analysis on effectiveness
and validity. Review of Educational Re-
search, 79(3):1168-1201. DOI:
https://doi.org/10.3102/0034654309332490

Lara-Alecio, R., Irby, B. J., & Tong, F. (2016).
Literacy-infused science with technology
opportunity (LISTO). U.S. Department of
Education, i3 Grant. (#U411B16001).
https://oese.ed.gov/files/2016/12/tamNAR.p
df

Lara-Alecio, R., Irby, B. J., Tong, F., Guerrero,
C., Koch, J., & Sutton-Jones, K. L. (2018).
Assessing conceptual understanding via lit-
eracy-infused, inquiry-based science among
middle school English learners and econom-
ically-challenged students. Education Sci-
ences, 8(1):ep27. DOI:
https://doi.org/10.3390/educsci8010027

Lara-Alecio, R., Tang, S., Sutton-Jones, K. L.,
Irby, B.J., Tong, F., Jimenez, D.D., & Villar-
real, E.G. (2021). Teachers’ pedagogical and
content knowledge after participation in vir-
tual professional development. International
Journal of Virtual and Personal Learning
Environments (IJVPLE), 11(1):64-86. DOI:
https://doi.org/10.4018/1JVPLE.2021010105

Lara-Alecio, R., Tong, F., Irby, B.J., Guerrero,
C., Huerta, M., & Fan, Y. (2012). The effect
of an instructional intervention on middle
school English learners’ science and English
reading achievement. Journal of Research in
Science Teaching, 49(8):987-1011. DOI:
https://doi.org/10.1002/tea.21031

SIEF, Vol.9, No.1, 2021

Lee, O. (2005). Science education with English
language learners: Synthesis and research
agenda. Review of Educational Research,
75(4):491-530. DOI:
https://doi.org/10.3102/00346543075004491

Lee, O., & Stephens, A. (2020). English learners
in STEM subjects: Contemporary views on
STEM subjects and language with English
learners. Educational Researcher,
49(6):426-432. DOI:
https://doi.org/10.3102/0013189X20923708

Lewis, E.B., Baker, D.R., & Helding, B.A.
(2015). Science teaching reform through
professional development: Teachers’ use of
a scientific classroom discourse community
model. Science Education, 99(5):896-931.
DOI: https://doi.org/10.1002/sce.21170

Llosa, L., Lee, O., Jiang, F., Haas, A., O’Connor,
C., Van Booven, C.D., & Kieffer, M.J.
(2016). Impact of a large-scale science inter-
vention focused on English language learn-
ers. American Educational Research Journal,
53(2):395-424. DOI:
https://doi.org/10.3102/0002831216637348

Lowe, J. M. (2006). Rural education: Attracting
and retaining teachers in small schools. Ru-
ral Educator, 27(2):28-32.
https://files.eric.ed.gov/fulltext/EJ783853.pd
f

Mackey, J. (2009). Virtual learning and real
communities: Online professional develop-
ment for teachers. In E. Stacey & P. Gerbic
(Eds.). Effective blended learning practices:
Evidence-based perspectives in ICT-
facilitated education (pp163-pp181). IGI
Global. DOI: https://doi.org/10.4018/978-1-
60566-296-1

Maeng, J.L., Bell, R.L., St. Clair, T., Gonczi, A.
L., & Whitworth, B.A. (2018). Supporting
elementary teachers’ enactment of nature of
science instruction: A randomized controlled
trial. International Journal of Science Edu-
cation, 40(18):2245-2264. DOI:
https://doi.org/10.1080/09500693.2018.1528
643

Maeng, J.L., Whitworth, B.A., Bell, R.L., &
Sterling, D.R. (2020). The effect of profes-
sional development on elementary science
teachers’ understanding, confidence, and
classroom implementation of reform-based

1138


https://doi.org/10.4018/978-1-4666-8170-5
https://doi.org/10.1080/1554480X.2019.1673165
https://doi.org/10.1080/1554480X.2019.1673165
https://doi.org/10.3102/0034654309332490
https://oese.ed.gov/files/2016/12/tamNAR.pdf
https://oese.ed.gov/files/2016/12/tamNAR.pdf
https://doi.org/10.3390/educsci8010027
https://doi.org/10.4018/IJVPLE.2021010105
https://doi.org/10.1002/tea.21031
https://doi.org/10.3102/00346543075004491
https://doi.org/10.3102/0013189X20923708
https://doi.org/10.1002/sce.21170
https://doi.org/10.3102/0002831216637348
https://files.eric.ed.gov/fulltext/EJ783853.pdf
https://files.eric.ed.gov/fulltext/EJ783853.pdf
https://doi.org/10.4018/978-1-60566-296-1
https://doi.org/10.4018/978-1-60566-296-1
https://doi.org/10.1080/09500693.2018.1528643
https://doi.org/10.1080/09500693.2018.1528643

Irby et al. A Literacy-infused Science Intervention and Economically Challenged Students.

science instruction. Science Education,
104(2):326-353. DOI:
https://doi.org/10.1002/sce.21562
Maerten-Rivera, J., Ahn, S., Lanier, K., Diaz, J.,
& Lee, O. (2016). Effect of a multiyear in-
tervention on science achievement of all stu-
dents including English language learners.
The Elementary School Journal, 116(4):600-
624. DOI: https://doi.org/10.1086/686250
McFarland, J., Hussar, B., Zhang, J., Wang, K.,
Hein, S., Diliberti, M., Cataldi, E.F., Mann,
F.B., Barmer, A., Nachazel, T., Barnett, M.,
Purcell, S., (2019). The Condition of Educa-
tion, 2019 (NCES 2019-144). National Cen-
ter for Education Statistics, U.S. Department
of Education.
https://files.eric.ed.gov/fulltext/ED594978.p
df
Paik, S., & Phillips, R. (2002). Student Mobility
in Rural Communities: What Are the Impli-
cations for Student Achievement? North
Central Regional Educational Laboratory.
https://eric.ed.gov/?id=ED466669
Reynolds, A.J., Chen, C., & Herbers, J.E. (2009,
June 22). School mobility and educational
success: A research synthesis and evidence
on prevention. In Workshop on the Impact
of Mobility and Change on the Lives of
Young Children, Schools, and Neighbor-
hoods, June (pp29-pp30).
https://www.academia.edu/download/39832
563/School_Mobility and Educational Suc
cess 20151109-29150-1x2k7Im.pdf
Richardson, J.T. (2011). Eta squared and partial
eta squared as measures of effect size in ed-
ucational research. Educational Research
Review, 6(2):135-147. DOI:
https://doi.org/10.1016/j.edurev.2010.12.001
Rubini, B., Ardianto, D., Pursitasari, 1.D., &
Hidayat, A. (2018). Science teachers’ under-
standing on science literacy and integrated
science learning: lesson from teachers train-
ing. Jurnal Pendidikan IPA Indonesia,
7(3):259-265. DOI:
https://doi.org/10.15294/jpii.v7i3.11443
Santau, A.O., Secada, W., Maerten-Rivera, J.,
Cone, N., & Lee, O. (2010). US urban ele-
mentary teachers’ knowledge and practices
in teaching science to English language
learners: Results from the first year of a pro-

SIEF, Vol.9, No.1, 2021

fessional development intervention. Interna-
tional Journal of Science Education, 32(15):
2007-2032. DOI:
https://doi.org/10.1080/09500690903280588

Showalter, D., Klein, R., Johnson, J., Harman, S.
(2017). Why rural matters 2015-2016: Un-
derstanding the changing landscape. Rural
School and Community Trust.
https://files.eric.ed.gov/fulltext/ED590169.p
df

Stage, E.K., Asturias, H., Cheuk, T., Daro, P.A,,
& Hampton, S.B. (2013). Opportunities and
challenges in next generation standards. Sci-
ence, 340(6130):276-277. DOI:
https://doi.org/10.1126/science.1234011

Strange, M., Johnson, J., Showalter, D., & Klein,
R. (2012). Why rural matters 2011-12: The
condition of rural education in the 50 states.
Rural School and Community Trust.
https://files.eric.ed.gov/fulltext/ED528634.p
df

Tang, S. (2018). Examining the Impact of Virtu-
al Professional Development and Teachers’
Use of the Cooperative/Collaborative/Peer-
Tutoring Strategies on English Learners’
Reading Comprehension, Oral Reading Flu-
ency, and Oral Expression. Doctoral disser-
tation. Texas A&M University.
https://hdl.handle.net/1969.1/173470

Tang, S., Tong, F., Irby, B.J., Lara-Alecio, R., &
Guerrero, C. (2020). Fidelity of implementa-
tion in a randomized controlled trial study:
The effect of virtual professional develop-
ment on bilingual teachers. Bilingual Re-
search Journal, 43(1):111-124. DOI:
https://doi.org/10.1080/15235882.2019.1711
268

Tang, S., Wang, Z., & Sutton-Jones, K.L.
(2021a). A multi-level analysis of upper el-
ementary students’ performance on the
STAAR reading exam: Comparing growth
trajectories of rural and non-rural school dis-
tricts. Educational Studies, 1-24. DOI:
https://doi.org/10.1080/03055698.2021.1894
414

Tang, S., Wang, Z., & Sutton-Jones, K.L.
(2021b). A Multilevel Study of the Impact of
District-Level Characteristics on Texas Stu-
dent Growth Trajectories on a High-Stakes

1139


https://doi.org/10.1002/sce.21562
https://doi.org/10.1086/686250
https://files.eric.ed.gov/fulltext/ED594978.pdf
https://files.eric.ed.gov/fulltext/ED594978.pdf
https://eric.ed.gov/?id=ED466669
https://www.academia.edu/download/39832563/School_Mobility_and_Educational_Success_20151109-29150-1x2k7lm.pdf
https://www.academia.edu/download/39832563/School_Mobility_and_Educational_Success_20151109-29150-1x2k7lm.pdf
https://www.academia.edu/download/39832563/School_Mobility_and_Educational_Success_20151109-29150-1x2k7lm.pdf
https://doi.org/10.1016/j.edurev.2010.12.001
https://doi.org/10.15294/jpii.v7i3.11443
https://doi.org/10.1080/09500690903280588
https://files.eric.ed.gov/fulltext/ED590169.pdf
https://files.eric.ed.gov/fulltext/ED590169.pdf
https://doi.org/10.1126/science.1234011
https://files.eric.ed.gov/fulltext/ED528634.pdf
https://files.eric.ed.gov/fulltext/ED528634.pdf
https://hdl.handle.net/1969.1/173470
https://doi.org/10.1080/15235882.2019.1711268
https://doi.org/10.1080/15235882.2019.1711268
https://doi.org/10.1080/03055698.2021.1894414
https://doi.org/10.1080/03055698.2021.1894414

Irby et al. A Literacy-infused Science Intervention and Economically Challenged Students.

Math Exam. Mathematics, 9(1):ep8. DOI:
https://doi.org/10.3390/math9010008

Texas Education Agency (2017). STAAR 2017
Mean P-Values and Internal Consistency
Values by Reporting Category and Content
Area.
https://tea.texas.gov/sites/default/files/digest
17-appendB-STAAR-Reliability.pdf

Texas Education Agency (2018). 2017-2018
Texas academic performance report.
https://rptsvrl.tea.texas.gov/perfreport/tapr/2
018/srch.html?srch=S

Texas Education Agency. (2019). 2018-19 Texas
academic performance report.
https://rptsvrl.tea.texas.qov/perfreport/tapr/2
019/srch.html?srch=S

Tong, F., Irby, B.J., & Lara-Alecio, R. (2015).
Teachers’ perception of virtual professional
development in a randomized control trial.
International Journal of New Technology
and Research, 1(7):58-61.
https://media.neliti.com/media/publications/
263644-teachers-perception-of-virtual-
professio-47adc2e9.pdf

Tong, F., Irby, B.J., Lara-Alecio, R., Guerrero,
C., Fan, Y., & Huerta, M. (2014a). A ran-
domized study of a literacy-integrated sci-
ence intervention for low-socio-economic
status middle school students: Findings from
first-year implementation. International
Journal of Science Education, 36(12):2083-
2109. DOLI:
https://doi.org/10.1080/09500693.2014.8831
07

Tong, F., Irby, B.J., Lara-Alecio, R., & Koch, J.
(2014b). A longitudinal study of integrating
literacy and science for fifth grade Hispanic

current and former English language learners:

From learning to read to reading to learn.
Journal of Educational Research,
107(5):410-426. DOI:
https://doi.org/10.1080/00220671.2013.8330
72

Tong, F., Irby, B.J., Lara-Alecio, R., Guerrero,
C., Tang, S., & Sutton-Jones, K.L. (2019).
The impact of professional learning on in-

SIEF, Vol.9, No.1, 2021

service teachers’ pedagogical delivery of lit-
eracy-infused science with middle school
English learners: A randomised controlled
trial study in the US. Educational Studies,
45(5):533-553. DOI:
https://doi.org/10.1080/03055698.2018.1509
776

United States Department of Agriculture, Food
and Nutrition Services. (2021). Child Nutri-
tion Tables: State Level Tables: FY 2015-
2020, National School Lunch.
https://www.fns.usda.gov/pd/child-nutrition-
tables

United States Department of Agriculture, Food
and Nutrition Services (2017). National
School Lunch. https://fns-
prod.azureedge.net/sites/default/files/resourc
e-files/NSLPFactSheet.pdf

Vernon-Feagans, L., Gallagher, K.C., & Kainz,
K. (2010). The transition to school in rural
America. In J.L. Meece & J.S. Eccles (Eds.).
Handbook of research on schools, schooling,
and human development (pp163-pp184).
Routledge.

Wang, Z., Tang, S., & Sutton-Jones, K. (2019).
Texas rural vs. nonrural school district stu-
dent growth trajectories on a high-stakes sci-
ence exam: A multilevel approach. Social
Sciences, 8(6):ep166.
https://doi.org/10.3390/socsci8060166

What Works Clearinghouse (2017). Standards
book: Version 4.
https://ies.ed.gov/ncee/wwc/Docs/referencer
esources/wwec_standards_handbook_v4.pdf

Williams, D. (2010). The Rural Solution: How
Community Schools Can Reinvigorate Rural
Education. Center for American Progress.
https://www.ruraledu.org/user_uploads/file/
The_Rural_Solution.pdf

Wright, P.M., Jacobs, J.M., Ressler, J.D., &
Jung, J. (2016). Teaching for transformative
educational experience in a sport for devel-
opment program. Sport, Education and Soci-
ety, 21(4):531-548. DOI:
https://doi.org/10.1080/13573322.2016.1142
433

1140


https://doi.org/10.3390/math9010008
https://tea.texas.gov/sites/default/files/digest17-appendB-STAAR-Reliability.pdf
https://tea.texas.gov/sites/default/files/digest17-appendB-STAAR-Reliability.pdf
https://rptsvr1.tea.texas.gov/perfreport/tapr/2018/srch.html?srch=S
https://rptsvr1.tea.texas.gov/perfreport/tapr/2018/srch.html?srch=S
https://rptsvr1.tea.texas.gov/perfreport/tapr/2019/srch.html?srch=S
https://rptsvr1.tea.texas.gov/perfreport/tapr/2019/srch.html?srch=S
https://media.neliti.com/media/publications/263644-teachers-perception-of-virtual-professio-47adc2e9.pdf
https://media.neliti.com/media/publications/263644-teachers-perception-of-virtual-professio-47adc2e9.pdf
https://media.neliti.com/media/publications/263644-teachers-perception-of-virtual-professio-47adc2e9.pdf
https://doi.org/10.1080/09500693.2014.883107
https://doi.org/10.1080/09500693.2014.883107
https://doi.org/10.1080/00220671.2013.833072
https://doi.org/10.1080/00220671.2013.833072
https://doi.org/10.1080/03055698.2018.1509776
https://doi.org/10.1080/03055698.2018.1509776
https://www.fns.usda.gov/pd/child-nutrition-tables
https://www.fns.usda.gov/pd/child-nutrition-tables
https://fns-prod.azureedge.net/sites/default/files/resource-files/NSLPFactSheet.pdf
https://fns-prod.azureedge.net/sites/default/files/resource-files/NSLPFactSheet.pdf
https://fns-prod.azureedge.net/sites/default/files/resource-files/NSLPFactSheet.pdf
https://doi.org/10.3390/socsci8060166
https://ies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_standards_handbook_v4.pdf
https://ies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_standards_handbook_v4.pdf
https://www.ruraledu.org/user_uploads/file/The_Rural_Solution.pdf
https://www.ruraledu.org/user_uploads/file/The_Rural_Solution.pdf
https://doi.org/10.1080/13573322.2016.1142433
https://doi.org/10.1080/13573322.2016.1142433

Irby et al. A Literacy-infused Science Intervention and Economically Challenged Students.

Received: 15 May 2021
Revised: 24 May 2021
Accepted: 10 June 2021

SIEF, Vol.9, No.1, 2021 1141



