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Abstract
This study contributes to the science of teaching reading by illustrating how a ubiquitous
classroom practice — read alouds — can be enhanced by fostering teacher language practices that
support students’ ability to read for understanding. This experimental study examines whether
and to what extent providing structured teacher read aloud supplements in a social studies read
aloud can allow students to leverage a familiar science schema and thereby positively impact
reading comprehension outcomes. Treatment students received a single social studies read-aloud
on the story of Apollo 11 with structured teacher read aloud supplements while control students
received the same read-aloud story but without structured supplements. Effect sizes from
hierarchical linear models indicated that students in the treatment condition significantly
outperformed students in the control condition on four measures of domain-specific reading
comprehension. Further exploratory analyses using structural equation modeling examined the
extent that teacher language mediated the treatment effect. Results indicated that teachers going
above and beyond the intervention script explained 67 percent of the treatment effect. Structured
supplements for read alouds can help students see important connections between schemas,

which ultimately aids in reading comprehension.



Introduction

Attempting to improve reading comprehension outcomes is no small task, yet incremental
research that bends the knowledge-seeking arc and provides teachers with practical and
actionable practices is exactly what is needed to improve literacy outcomes for children. Indeed,
students in the United States continue to struggle comprehending grade-level texts, as evidenced
by the stagnant growth among fourth grade reading achievement for a decade prior to the
COVID-19 pandemic (National Center for Education Statistics, 2019). With the Science of
Reading in the forefront of public discourse, there is a timely need to highlight ways in which
teachers can positively impact students’ ability to comprehend texts. This study contributes to the
science of teaching reading by illustrating how a ubiquitous classroom practice — read alouds —
can be enhanced by fostering teacher language practices that support students’ ability to read for
understanding.

Thus, our aim was to examine the causal effects of embedding a number of structured
supplements into a third grade read aloud lesson on various measures of reading comprehension
through random assignment to treatment and control conditions. Structured supplements include
concise definitions and meaningful examples of target vocabulary, discussion questions to
engage students in using the target vocabulary to discuss larger topics related to the topic
schema, a one-to-one schema mapping activity, and a review of key vocabulary words using a
concept map. While there is ample research documenting the importance of the numerous
components of the Science of Reading — developing phonological awareness, explicit phonics
instruction, activating background knowledge, and building vocabulary knowledge — there is a
need to better understand how teachers can use read aloud lessons to help students leverage,

connect, and build the necessary knowledge to instantiate schemas efficiently in order to improve



reading comprehension outcomes (Shanahan, 2020). Put differently, understanding how teachers
can efficiently integrate background knowledge (i.e., schemas) while introducing new content to
students is an area of research that needs further investigation.
Read Alouds Can Impact Vocabulary Knowledge and Comprehension Qutcomes

There is compelling evidence to indicate that read alouds positively impact vocabulary
acquisition among children ages 4-10 (Ard & Beverly, 2004; Biemiller & Boote, 2006; Elley,
1989; Robbins & Ehri, 1994; McKeown & Beck, 2014; Parsons & Bryant, 2016; Penno et al.,
2002; Senechal & Cornell, 1993; Silverman, 2007), yet there is less evidence to show that they
directly improve comprehension to the same extent (Coyne et al., 2010; Baker et al., 2020,
McKeown & Beck, 2014). Specifically, in some studies, read alouds that included key
vocabulary covered in the lesson had positive effects on listening comprehension measures
(Coyne et al., 2010), while other studies did not detect meaningful effects on comprehension
outcomes (Baker et al., 2020; McKeown & Beck, 2014). For studies measuring vocabulary
acquisition, read aloud lessons that identified key vocabulary within texts and provided concise
definitions of word meanings yielded positive results on vocabulary acquisition, especially for
students with limited vocabulary knowledge (Coyne et al., 2004; Silverman, 2007). Students
need rich exposures to word meanings and read alouds expose students to words both
incidentally (Authors, 2021; 2022; Wright, 2022) and explicitly with word explanations,
meaningful examples, structured discussions using vocabulary, and closer examination of the
phonological and orthographic aspects of words (Silverman, 2007).

There is emerging evidence that the quantity and quality of teachers’ language during a
read aloud is an important pathway for improving their students’ comprehension ability. Read

alouds directly improve vocabulary acquisition, and although they are less effective in directly



raising comprehension scores, there is reason to believe that they may indirectly improve
comprehension outcomes. Engaging students in scaffolded and inferential discussions is an
important element of read aloud lessons that has been shown to be positively associated with
comprehension scores (van Kleeck, 2006; Collins, 2016). In order for students to comprehend
texts and move beyond literal recall questions, teachers must create opportunities for rich, high-
level discussions. A meta-analysis examining the effects of storybook interventions on
vocabulary and comprehension outcomes showed that a range of effects from negative to
positive (Swanson et al., 2011). Dialogic reading — read alouds including conversational turn-
taking and open-ended questions (Ezell & Justice, 2005; Swanson et al., 2011) — were among the
most common type of read aloud lesson and yielded an overall positive effect. Indeed, shifting
away from students solely listening to a read aloud and answering occasional low-level questions
to engaging students verbally and making the read aloud experience more interactive is essential
to helping students acquire new knowledge. One way to facilitate discussions among students is
to embed quality discussion prompts into the actual read aloud lesson. In fact, scripting lessons
has been shown to lead to higher-quality teaching (Language and Reading Research Consortium
et al., 2014). However, most read aloud interventions have involved multiple lessons over
numerous days of instruction. There has yet to be a study examining the impact of a single read
aloud lesson designed to build student vocabulary and domain knowledge, facilitate schema
instantiation, and impact reading comprehension outcomes through the inclusion of targeted
scripting for teachers.
Schemas are the Intellectual Structures that Help Student Organize Knowledge

Schemas are supportive intellectual structures that allow students to acquire, access, and

retain relevant information (Anderson & Pearson, 1984). They are also essential to



comprehending texts (Anderson, 2010). To comprehend a text, an individual needs to have
“found a mental ‘home’ for the information in the text” or make the necessary adjustments to
integrate any new information with that which is already established (Anderson & Pearson,
1984, p. 225). Thus, schemas are malleable, constantly evolving, and hierarchical (Kimball &
Holyoak, 2000).

As students learn about different topics, they develop topic schemas. For example, as
they learn about the various human body systems — muscular, skeletal, and nervous — students
form a topic schema on how human body systems function to stay alive. If students continue to
learn about, for example, different animal systems or the moon team system, they will develop
corresponding topic schemas. Each of the three schemas just mentioned share a common
overarching general schema that centers around the concept of ‘systems’.

Indeed, schemas are an essential component to comprehending texts. In the construction-
integration model, readers must build a robust situation model that merges a reader’s literal
understanding of a text with that reader’s existing background knowledge (Kintsch, 1993; 2009).
First, all learners must formulate propositions by accessing word meanings, utilizing working
memory, and assessing the coherence of the various propositions (Kintsch & Kintsch, 2005).
During the integration phase, however, readers must incorporate the literal propositions from the
text with their existing knowledge and experiences — i.e., robust schemas — to form a mental
model of the text and its meaning. Read alouds can function as a vehicle for teachers to scaffold
and aid students in building and instantiating schemas so that as students become skilled readers,
they can do so independently when engaging with various texts. Yet, minimal research has

explored ways to help teachers improve this practice. If schemas are abstract, intellectual



structures that are essential to reading comprehension, what are the observable and concrete
components of schemas?
Networks of Domain-Specific Vocabulary Words are the Visible Parts of Schemas

Networks of domain-specific vocabulary knowledge represent the building blocks of
schemas and are the visible components of a schema — “the exposed tip of the conceptual
iceberg” (Anderson & Freebody, 1981, p. 82). Yet, there has to be a unifying thread connecting
vocabulary words. Without one, words are simply disconnected. There is growing evidence that
teaching domain-specific vocabulary in semantic networks has been shown to impact proximal
measures of vocabulary knowledge (Kim et al., 2020; 2021; 2023a) and that networks of
domain-specific vocabulary mediated the treatment effect documented in the 2022 Model of
Reading Engagement (MORE) study (Authors, 2023b). Creating rich semantic representations
allows students to store these word meanings in their long-term memory (Ericsson & Kintsch,
1995), thereby allowing them to retrieve word meanings much more efficiently and consequently
aiding in understanding various texts (Fitzgerald et al., 2020). Furthermore, creating “an
extended network of meanings for a given focal word represents instantiation of stronger and
richer meaning” (p. Fitzgerald et al., 2020, p.857), and visualizing networks of vocabulary with
concept maps can help students see the connections between words and concepts (Karpicke &
Blunt, 2011; Novak, 1990). Thus, as students instantiate word meanings within a network of
words and concepts, students are also developing a topic schema.

By building networks of domain-specific vocabulary knowledge, students are also
acquiring the necessary domain and topic knowledge in disciplines such as social studies and
science. These networks of word knowledge signify the various interconnections between

concepts within a student’s memory (Kendeou & O’Brien 2015). In the present study, we rely on



an already established topic schema (human body system) to provide context for students to
build a new topic schema (moon team system), both of which are nested within a general schema
(systems). Figure 1 shows how the domain-specific vocabulary words serve as the kernels of
domain and topic knowledge that comprise each schema. It also helps illustrate the conceptual
similarities between both schemas via the overlapping vocabulary words.

Indeed, building networks of vocabulary knowledge is tightly coupled with acquiring
domain and topic knowledge, both of which help to instantiate schemas and ultimately aid in
linguistic and reading comprehension (Cabell & Hwang, 2020; Cervetti & Wright, 2020).
Vocabulary knowledge and topic knowledge have been shown to be among the strongest
predictors of reading comprehension (Cromley & Azevedo, 2007), and in a more recent study,
vocabulary and topic knowledge were both found to explain the most variance in reading
comprehension (Ahmed et al., 2016). Recent content literacy interventions that have focused on
developing robust schemas through the acquisition of domain-specific vocabulary knowledge
yielded positive treatment effects on vocabulary knowledge (Kim et al., 2020; 2021; 2023a) and
reading comprehension measures (Kim et al., 2020; 2022a; 2023a). Having robust schemas are
an essential element of comprehending nonfiction texts, and read alouds have the ability to make
schemas more concrete by engaging students with rich texts designed to build knowledge.
Robust Schemas Allow for Students to Transfer Knowledge Across Topics and Domains

When students have developed robust schemas, they are able to “transfer knowledge
from one situation to another by a process of mapping” (Gick & Holyoak, 1983, p. 2). More
specifically, establishing a set of one-to-one correspondences that map from one concept to
another — 1.e., one topic schema mapping onto another schema — help students ultimately transfer

and apply knowledge when they encounter an unfamiliar topic. This process allows students to



leverage their existing knowledge organized in schemas as students encounter knew situations
that vary along a continuum from familiar to unfamiliar (Kimball & Holyoak, 2000;Authors,
2023a). To move past lower-level comprehension tasks such as recalling facts and to progress
towards a deeper understanding of knowledge and how it applies to other concepts, acquired
knowledge “must be actively linked to semantic retrieval cues” to make acquiring knowledge
from texts possible in unfamiliar situations (Kintsch, 2013, p. 812). Put differently, words that
convey conceptual meaning that are organized in networks are essential to reading and
comprehending informational texts. In sum, there is ample evidence to support how to help
students comprehend texts, yet in practice, this is not always a reality.
Instruction Rarely Activates and Builds Student Knowledge

Numerous studies highlight the importance of activating and building students’
background knowledge (McCarthy et al., 2018; O’Reilly et al., 2019; Kaefer, 2020), and there is
evidence to indicate that activating student knowledge is not a common occurrence in some
elementary school classrooms (Hattan et al., 2015). Instructional materials often fail to
consistently prompt teachers to activate and build existing knowledge, thereby placing students
who do not possess adequate knowledge at a disadvantage. Similarly, teachers who launch pre-
reading activities that introduce new content rather than reviewing already established content to
provide context for the subsequent read aloud also establish barriers for students who do not
possess the necessary knowledge to access texts (Hattan et al., 2015; Kaefer, 2020). Indeed, the
language teachers use in the classroom is a key factor for introducing and explaining new
content. How can teachers effectively activate and build knowledge in the classroom?

Content Literacy Instruction Creates Opportunities to Build Knowledge



Research spanning the past decade has documented the positive effect of content literacy
instruction on knowledge building and comprehension outcomes for elementary school children.
In fact, a recent meta-analysis revealed that content-area instruction improved elementary school
standardized comprehension by a quarter of a standard deviation (Hwang et al., 2021). Even
more recent, a content-literacy intervention called the MORE intervention produced lasting
effects on standardized reading comprehension outcomes (Kim et al., 2023a). Participating
students received two S5-week units in first grade, one 5-week unit in second grade, and one 3-
week unit in third grade. Results showed positive and significant effects on the standardized end-
of-grade (EOQG) assessment in third grade, and even in the absence of lessons in fourth grade,
students who had received MORE the previous three years continued to outperform those who
did not on a standardized reading assessment.

Yet, even as research suggests the positive effects of content-area literacy, domains such
as social studies often are overlooked due to the emphasis placed on English Language Arts
(ELA) and Math instruction (Huck, 2019). In some instances, teachers have perceived that the
core priorities of schools and districts is to focus on English Language Arts and Math instruction,
often at the expense of other subjects. Consequently, content-area domains such as social studies
have been neglected even as recent research indicates the significant positive association
between time spent on social studies content and rising literacy scores (Northern & Petrilli,
2020).

Content literacy provides opportunities for students to build their knowledge and
vocabulary simultaneously, but there is still a need to better understand effective ways to acquire
and integrate new knowledge with existing knowledge. In a recent mixed-methods study,

interviewed teachers who had participated in the MORE content literacy intervention described
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how they provided concise explanations of domain-specific vocabulary word meanings,
examples for each target word during instruction, and numerous ways in which target words
were conceptually connected to other studied words (Mosher et al., 2023b). Furthermore,
domain-specific vocabulary knowledge was found to be a significant mediator of the treatment
effect. Indeed, teacher language is a crucial element of acquiring knowledge, and in intervention
studies, teachers going above and beyond the lesson script to explain word meanings can make
knowledge acquisition that much more impactful (Neugebauer et al., 2017). Thus, if building
knowledge is an essential criterion for comprehending grade-level informational texts, then the
quality of teacher language is a crucial element for facilitating learning in the classroom.
Teacher Language as a Potential Mechanism Through Which the MORE Intervention
Operates

Previous studies of MORE have examined the extent to which domain-specific
vocabulary knowledge mediates measures of reading comprehension transfer (Mosher et al.,
2023b) as well as how domain-specific reading comprehension mediates argumentative writing
outcomes for multilingual learners (Relyea et al., 2022b). Nevertheless, there has yet to be a
study examining the extent that the quantity of multiple aspects of teacher language mediates
treatment effects for content literacy interventions such as MORE. While there is evidence that
student domain-specific vocabulary knowledge is a key mechanism of the MORE intervention, it
seems plausible that the language teachers use when discussing vocabulary or content related to
vocabulary would be an essential part of student domain-specific vocabulary acquisition and
schema instantiation. Put differently, if a lesson plan for a read aloud provided concise
vocabulary definitions and examples, could those embedded explanations of word meanings

serve as a catalyst for more elaboration of word meanings and examples — i.e., language
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extensions (Neugebauer et al., 2017)? Similarly, would embedding discussion questions designed
to promote use of target vocabulary words encourage teachers to use those target words with
greater frequency and ask additional follow-up questions? Thus, the inclusion of embedded
supports (structured supplements) around key language in a read aloud lesson could impact
teachers so that they elaborate on lesson materials, which in turn could predict comprehension
outcomes.
The Present Study

The primary goal of the study was to investigate certain malleable factors within the
classroom that have the potential to help students acquire and transfer knowledge on a formative
assessment of reading comprehension transfer. We sought to test the effectiveness of certain
instructional strategies and the impact in helping students better read grade-level texts.
The research questions were as follows:

(1) Compared to a read aloud lesson without any structured supplements, to what extent does
embedding structured supplements into a read aloud lesson improve: (a) third graders’
recall of basic topics discussed in the text, (b) their domain-specific reading
comprehension as measured by near- and mid-transfer assessments, and (c) their domain-
general reading comprehension as measured by an End-of-Grade (EOG) reading
comprehension assessment?

(2) To what extent does teacher language mediate effects of the read aloud lesson on student
comprehension scores (recall, near, and mid transfer)?

To address these questions, we conducted a cluster randomized controlled trial where
classrooms were randomly assigned to either the treatment (read aloud with structured

supplements) or control conditions (read aloud without structured supplements). As shown in the
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theory of change in Figure 2, we hypothesized that students receiving structured read aloud
supplements in the treatment condition would have higher comprehension scores than those in
the control condition without structured supplements. That is, the structured supplements would
provide ample opportunities for students to gain access to word meanings (and by proxy domain
and topic knowledge), engage students in conversations using target vocabulary, and establish
connections between two subjects often taught in isolation: science and social studies.
Furthermore, we hypothesized that structured supplements would improve the quantity of teacher
language — language not in the read aloud lesson plan — and that that greater quantity of teacher
language would mediate the proposed treatment effect. The study was preregistered at the
Registry of Efficacy and Effectiveness Studies and the lesson was taught in May of 2022.
Method
Design

The experimental design for this study blocked on schools with random assignment
occurring at the classroom level. Randomization was achieved using Stata 17. Balance tests at
the student level showed no significant differences between treatment and control groups in
standardized measures of baseline reading and math or in baseline student demographic
characteristics. Balance tests at the teacher level also showed no significant differences in years
teaching or past experience teaching MORE.
Transparency Statement

We preregistered the study at the Registry of Efficacy and Effectiveness Studies prior to
lesson implementation. The data and analysis will be made publicly available.
Participants

We recruited teachers from the larger 2022 MORE science intervention that had desirable
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compliance rates — i.e., teachers who implemented most MORE lessons (Figure 3). In total, 82
teachers agreed to participate, with a prospective total of 1,467 third-grade students from 20
elementary schools. In preparation for this initial efficacy trial, we piloted the read aloud lesson
in multiple third-grade classrooms resulting in adjustments to the story and activities prior to
implementation.

The final analytic sample included 965 students from 19 schools with an attrition rate of
34 percent. There were no significant differences on baseline on reading and math tests nor was
there a significant differential attrition rate between treatment and control conditions. In short, no
major threats to the internal validity of the study were observed.
Procedure

In the spring of 2022, all third-grade students within a large, urban district in the
Southeastern United States participated in the MORE science intervention for three weeks where
they learned about three important human body systems: the muscular, skeletal, and nervous
systems. Students also learned key domain-specific vocabulary words that helped build their
domain and topic knowledge about human body systems. As lessons progressed, students
constructed a schema around how these different systems work together to help the body
function. Thus, we hypothesized that if students have developed a robust topic schema from
science (human body systems), they should be able to construct a new topic schema in the
domain of social studies (moon team system) and establish a link between both schemas
(Anderson & Pearson, 1984; Gick & Holyoak, 1983). Accessing an instantiated schema provides
students with the necessary background knowledge to make connections to a new topic that is

conceptually related. Yet, what scaffolds are needed to help make this link visible to students?
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To test the impact of a read aloud lesson with structured supplements on comprehension
outcomes, we wrote a nonfiction text on Apollo 11. The text focuses on how a team of
individuals — Katherine Johnson, Chuck Lowry, Neil Armstrong, and John F. Kennedy — worked
together as a system to overcome obstacles and accomplish their goal of sending astronauts to
the moon and returning them safely to Earth. A recent intervention indicated that high school
students who read stories about numerous struggles that scientists had to overcome improved
student learning (Lin-Siegler et al., 2016). Thus, we wrote our own struggle story about the
moon team’s challenges and how they overcame them. Treatment teachers read the read aloud
text with structured supplements. The various structured supplements are shown in Table 1 and
included vocabulary instruction and discussion activities designed to help students build their
vocabulary, domain, and topic knowledge while drawing on the schema developed during the
MORE science intervention. Structured supplements also included schema mapping and concept
mapping activities. Control teachers received the Apollo 11 read aloud story but without any of
the structured supplements designed to identify and explain key vocabulary words, pose
discussion questions, or help students link the science and social studies schemas. In essence, the
read aloud text that control teachers received was a blank slate that gave full autonomy to those
teachers to decide which, if any, words to introduce and what questions to ask. Students in both
conditions completed identical assessments. Thus, all students were exposed to the social studies
read aloud and random assignment to the treatment condition allows for an estimate of the
effectiveness of structured supplements on student comprehension outcomes.

The read aloud text included three vocabulary words from the MORE science
intervention students had already learned: function, system, and diagnosis. The text also

introduced four new social studies words: contribute, engineer, persist, and ingenious. The
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treatment version of the text provides embedded explanations of these four social studies words
along with relevant examples and specific questions prompting students to access the science
schema and make connections between the science schema and the read aloud content. For
example, after learning about the different members of the team that helped send astronauts to
the moon, teachers asked students, “How is the moon team system similar to the different human
body systems?” Students subsequently completed a schema-mapping activity designed to help
students see the analogic link between science and social studies schemas, thereby engaging
students in a 1:1 mapping of both topic schemas (Gick & Holyoak, 2000). In this activity,
students are asked about the similarities between the moon team system and the human body
system. Teachers then led students through a “madlibs” activity (Figure 4) where students had to
complete the missing words scattered across two paragraphs using key vocabulary words from
both the previously taught science unit (paragraph 1) and the read aloud lesson (paragraph 2).
Both paragraphs had similar language and the main differences centered around which target
words completed the paragraph. The activity aimed to make the 1:1 schema mapping explicit.
Elsewhere in the lessons, students were posed with numerous questions to discuss with a partner.
For example, “How was Chuck Lowry an ingenious engineer?” These types of prompts required
students to use target vocabulary in their discussions via specific inclusion criteria (Table 1).
Measures
Pretests

Reading and Math pretest scores came from winter Measure of Academic Progress
(MAP) scores (NWEA, 2011). The district uses the MAP assessment at three times points

throughout the year to assess student achievement. The winter assessment date represents the
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mid-year assessment of student achievement and the most recent standardized measure of student
reading and math ability prior to the start of the intervention lesson.
Posttests

Students took 4 assessments following the conclusion of the read aloud lesson. We
developed three measures of domain specific reading comprehension and the fourth measures
was the final state-wide EOG assessment, which was issued a month later.

Recall. To measure basic recall, students took a brief 5-item multiple choice assessment
(with 4 options per item) measuring basic understanding of key details from the text. The
measure had a Cronbach’s reliability estimate of 0.63.

Near and Mid Transfer. Near and mid transfer domain specific reading comprehension
measures each were comprised of 13 multiple choice items with four options per item. Recent
research suggests measuring a continuum of transfer rather than simply assessing proximal and
distal measures (Kim et al., 2022a). The near-transfer passage discussed the creation of the lunar
module that enabled astronauts to explore the moon. While students had learned about the system
that helped get astronauts to the moon, they had no prior knowledge of the lunar module. The
mid-transfer passage focused on the making of the Empire State building, a topic much more
removed from that of the read aloud content centered around the moon. Near- and mid-transfer
assessments yielded a Cronbach’s alpha reliability of 0.82 and 0.76 respectively. Results from a
2-paramenter logistic item response theory (IRT) model indicated location parameters ranging
from -1 to 3 with almost all items providing substantial information.

Content Comprehension. Content comprehension represents both near- and mid-transfer

measures combined.
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End-of-Grade (EOG). Domain general reading comprehension was measured via the
North Carolina third grade EOG assessment, which includes multiple-choice items (4 options)
that are scaled using a 3-parameter IRT model.

Fidelity of Implementation

We gave each teacher two recorders to wear around their neck while delivering the read
aloud lesson. Of the 80 teachers participating in the study, 75 teachers returned usable recorders.
The unusable recorders were either broken, preventing us from accessing the recording, or the
recorder was never switched on. Fidelity analyses involve the 75 teachers who returned usable
recorders.

To assess fidelity of implementation, we used two facets of Dane and Schneider’s (1998)
facets of fidelity: adherence and dosage. We examined teacher adherence to the lesson by
comparing the number of times a teacher said each target word within each condition. For
example, the read aloud lesson with structured supplements used the word contribute 31 times
while the lesson without structured supplements used contribute 10 times. Thus, when listening
to the audio recordings, we would expect to hear treatment teachers say contribute at least 31
times and control teacher at least 10 times. We created dichotomous variables for each word to
indicate if each of the seven target words were said the prescribed number of times. We also
created a dichotomous variable for whether or not the number of scripted questions included in
the lesson were asked. We then took row totals across the seven words and questions variables to
create a composite with a maximum score of 8. Results from these comparisons are listed in
Table 6 where percentage of adherence is also reported. There was no significant difference in

adherence between treatment and control condition (f = —.46,SE = .33,p = .16).
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To assess dosage, we report the length of audio measured in minutes for reach recording,
as shown in Table 6. Unfortunately, two different teachers’ recorders inadvertently shut off mid-
lesson and their skewed adherence and dosage brings down the treatment average. Because the
read aloud lesson with structured supplements had more text, we expected the lesson to be
longer. Results indicate that on average, the treatment lesson was roughly 19 minutes longer (t =
8.74,p < .001).
Data Analyses

To assess the causal impact of structured read aloud supplements on five comprehension
outcomes, we fit a series of 3-level hierarchical linear models (HLMs) with teacher random

effects and school fixed effects (Raudenbush & Bryk, 2002). The model is as follows:

10 3
Yijk =%Yoo + (047 + yOlTREATMENT]k + 2 ]/pjk LlCOVl]k + 2 yoqk LZCOVJk + gijk + quk
p=1 q=2

&ijk~N(0,0%)  ugjx~N(0,0%)

where Y, represents the 5 outcomes (recall, near transfer, mid transfer, content comprehension,
and EOG) for student 7 in classroom j in school £. y is the intercept for the school reference
group and «;, represents each school’s average deviation from the reference school intercept. yo1
is the adjusted causal effect of structured read aloud supplements, ¥k (p=1,..,10) 1S @ vector of 10
student-level covariates including winter MAP pretests in reading and math as well as student
demographic variables (race/ethnicity, gender, English Language Learner status, measure of
neighborhood poverty), and yoqx (4=2,3) 18 @ vector of two teacher-level covariates (years of
teaching experience, past experience with MORE) to improve the precision of the treatment
effect estimates. €, represent the student-level residuals and u j; are the classroom-level

random intercepts. Because we had five outcomes, we tested our results to the sensitivity of false
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discoveries using the Benjamini-Hochberg procedure with a false discovery rate set to 0.05 by
outcome domain (Benjamini-Hochberg, 1995).

Some teachers administered the recall, near-, and mid-transfer assessments on different
days, and as a result, we had varying numbers of students that completed each part of the
assessment due to student absences. We used 2-parameter IRT-stored estimates for recall and
near- and mid-transfer outcomes. For the EOG assessment, we used the district reported scale
scores. Because of the discrepancy in student completion, we tested for a potential treatment
effect on missing assessment data. That is, we wanted to determine if there was an imbalance in
treatment and control missingness. HLMs revealed that there were no significant
treatment/control differences on recall (f = —.01,SE = .01,p = .23) near (f = —.05,SE =
.05,p = .32), or mid transfer (f = —.03,SE = .06,p = .65). Because we had missing pretest
data, we conducted Little’s missing completely-at-random (MCAR) test. Results revealed that
missing values were MCAR (y? = 1.74,df = 2,p = .42). Subsequent HLMs use multiple
imputation by simulating 20 data sets with potential values in place of the missing observations
(StataCorp, 2021).

To address our second research question on the extent to which teacher language
mediated the treatment effect, we used coded data from classroom recordings to specify a
structural equation model (SEM) using Mplus 7 (Kline, 2016; Muthén & Muthén, 2012). As our
mediation model included latent variables for Teacher Language and Reading Comprehension
Transfer, we specified two different confirmatory factor analysis (CFA) measurement models to
verify each latent variable’s properties. Teacher Language was comprised of nine indicator
variables (Figure 5). Each target word (of which there were seven) was represented as an

indicator variable that included the number of times the target words were uttered above and
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beyond the lesson script. We included an indicator variable for language extensions, which was
the number of times a teacher provided additional explanations or examples of a word’s meaning
above and beyond the script. Language extensions were coded in Dedoose (2016) and 20 percent
of the recorded audio transcripts were double coded with an inter-rater-reliability kappa estimate
of k = .88. The final indicator variable, teacher questions, included the number of times a
teacher asked the class a question related to the text above and beyond the lesson script. The
outcome factor, domain-specific reading comprehension, was comprised of three indicator
variables: stored IRT estimates for recall, near transfer, and mid transfer questions (Figure 6). To
account for the clustered nature of the data, we used the Maximum Likelihood Robust (MLR)
estimator and Full Information Maximum Likelihood (FIML) to account for pretest missing data.
Results
Preliminary analyses

Descriptive statistics of the student analytic sample are shown in Table 2 and correlations
for key variables for research question 1 are shown in Table 3. We conducted balance tests to
determine if attrition resulted in differences between both baseline reading and math measures
and found that there were no significant differences based on attrition. Descriptive statistics for
the teacher analytic sample are shown in Table 3, and in Table 4 correlations are listed for both
teacher-level covariates indicators comprising the latent variable Teacher Language for research
question 2.

Both latent variables were assessed using CFA. All indicators were significantly
correlated with the latent construct Teacher Language (Figure 5), with factor loadings for eight
of the nine indicators above .70. One of the indicators had a weak correlation with the factor

because the word (diagnose) only appeared in the text a few times (unlike the other six words),

21



and consequently, there was minimal variation of teachers mentioning the word beyond the
lesson script. Additionally, we allowed two different sets of indictors to covary as both sets of
words were often mentioned within the same utterance as each other. For example, when the
word system was mentioned, the word function was often used in the same phrase. The model fit
for Teacher Language was deemed adequate (RMSEA = .020, CFI =.962, TLI = .945, SRMR =
.049). For domain-specific reading comprehension (Figure 6), all three indicators were
significantly correlated with the factor, with factor loadings above .60. There were no fit
statistics for this factor given that the model was perfectly identified.
Research Question 1: Effect of Structured Read Aloud Supplements on Comprehension
Outcomes

Table 7 displays the HLM results for recall, near transfer, mid transfer, content
comprehension (near and mid transfer combined) and EOG. Model estimates are standardized
and indicate that there were indeed significant treatment effects on recall (yy1, = .17,SE =
.07, p < .05), near transfer (yy1x = .17,SE = .06,p < .01), mid transfer (yyq1, = .18,SE =
.07,p <.05), and content comprehension (yyq, = .18,SE =.07,p < .05) passages. Thus, there
is evidence that structured read aloud supplements impacted domain-specific reading
comprehension. Results indicated that the intervention did not improve student outcomes on the
domain general EOG reading comprehension measure (yg1x = .01, SE = .02,p = .65).

We tested for false discoveries according to the Benjamini-Hochberg procedure with a
false discovery rate set to .05 and confirmed the significant treatment effects on recall, near-, and
mid-transfer passages (see Appendix).

Research Question 2: Teacher Language as a Mediator for Comprehension Qutcomes
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SEM was used to determine if and to what extent teacher language mediated the
treatment effect. Figure 7 shows the specified model. In our model, we included freely estimated
paths between random assignment to structured read aloud supplements and students’ domain-
specific reading comprehension outcomes as well as the latent variable teacher language. The
model fit to the data was adequate (RMSEA =.025, CF1=.914, TLI =.901, SRMR = .055).
Results indicated that the language teachers use that goes above and beyond the intervention
script explained 67% of the treatment effect of domain-specific reading comprehension with a
significant total indirect effect (b = .294,SE = .11,p < .01, = .124) and total effect (b =
439,SE = .17,p < .05, 8 = .185). Furthermore, random assignment to structured read aloud
supplements significantly predicted an increase in the language teachers use exceeding the script
(b =1.112,SE = .29,p < .001, B = .972), which in turn significantly predicted domain-
specific reading comprehension (b = .264,SE = .09,p < .01, = .127).

Sensitivity Analyses

We conducted sensitivity analyses to confirm the robustness of our findings. For research
question 1, we aggregated our data at the classroom level and fit a regression model with school
fixed effects using the same covariates. Results were slightly higher, with effect sizes ranging
from .21 to .25 (Table 8). We also used SEM with clustered standard errors at the classroom level
to estimate the causal effect of structured read aloud supplements on comprehension outcomes.
Consistent with the 2-level HLM, SEM revealed a significant treatment effect of .17, identical to
the main findings (contact first author for details).

As a sensitivity check for determining the extent to which teacher language mediated the
treatment effect, we employed the bootstrap method to estimate a population parameter to

provide bias-corrected bootstrap 95% confidence intervals (Cls) for the indirect effect using
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1,000 draws (MacKinnon et al., 2004; Preacher & Hayes, 2008). Results were nearly identical,
although the standard errors were lower given that Mplus does not allow the BOOTSTRAP
command and CLUSTER command to be run simultaneously (contact first author for details).
Discussion

The present study sought to examine the causal effects of structured supplements for
teachers — embedded vocabulary explanations, targeted discussion questions, and a one-to-one
schema mapping activity — in a read aloud lesson on five measures of reading comprehension for
third-grade students: recall, near transfer, mid transfer, content comprehension (near/mid
combined), and EOG. While all students had participated in three weeks of the MORE science
intervention and had developed a robust schema centered on three human body systems, they had
not learned about or been exposed to the Apollo 11 mission to the moon. We designed the Apollo
11 read aloud first to pose a question designed to help students access their already established
science schema. The structured supplement embedded within the treatment read aloud asked
students to share their responses to the questions and for the teacher to record those responses.
This activity likely provided students the necessary time to retrieve relevant background
knowledge (McCarthy et al., 2018; O’Reilly et al., 2019; Kaefer, 2020). With a familiar topic
schema activated, teachers then read aloud the Apollo 11 story that focused on a group of people
working together to send astronauts to the moon. Thus, we leveraged a familiar topic schema
about the human body and mapped that schema onto the unfamiliar topic schema of the moon
team (Anderson & Pearson, 1984; Gick & Holyoak, 1983). Embedded structured supplements in
the read aloud lesson for treatment teachers positively impacted student outcomes with effect

sizes ranging between .17 and .18 on four measures of reading comprehension: recall, near
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transfer, mid transfer, and content comprehension (near and mid transfer tests combined). What
is the significance of these findings?

First, the language of the embedded structured supplements introduced each of the four
social studies vocabulary words with explanations of word meanings and examples by making
semantic connections to both the new social studies words and the previously taught science
words. Because knowledge is often organized in clusters (Anderson & Freebody, 1981), helping
teachers use explicit language to introduce new vocabulary and link those words to other key
vocabulary likely helped students better acquire word meanings (Read, 2004). While students in
the control condition were exposed to these words incidentally by listening to the read aloud,
without the embedded structured supplements succinctly highlighting word meanings through
explanations and examples linking words, students in the control condition were unable to
efficiently acquire word meanings, which impacted their ability to comprehend the texts in the
recall and transfer assessments.

Second, by providing targeted questions designed to reinforce word meanings and build a
new social studies topic schema, teachers in the treatment condition created situations where
students had to use target vocabulary in their discussions. Thus, students were pushed to apply
their new knowledge, and through this application, begin to instantiate a new topic schema
around the moon team system working together to send astronauts to the moon. Indeed, these
domain-specific vocabulary words represented “the exposed tip of the conceptual iceberg”
(Anderson & Freebody, 1981, p. 82). Our findings confirm that providing scripted questioning is
not only associated with comprehension scores (van Kleeck, 2006), it can positively impact

them.

25



Third, providing an explicit 1:1 schema mapping activity was essential to helping
students see the connections between the human body system and the moon team system (Gick
& Holyoak, 1983). In this activity, students were asked about the similarities between the moon
team system and the human body system and tasked with using both science and social studies
vocabulary to fill in the missing words in two paragraphs (Figure 4). This activity was key to
helping students see the links between both topic schemas and likely helped students leverage
these similarities when they read passages on the lunar module and the construction of the
Empire state building. Our findings confirm that “expertise can sometimes be transferred to
novel tasks within and beyond the initial domain” (Kimball & Holyoak, 2000), thereby
confirming similar results from an earlier analysis of a different implementation of the MORE
intervention (Authors, 2023c). The cumulative effect of structured supplements allowed students
to leverage their networks of knowledge to construct a robust situation model that merged
students’ literal understanding of the texts with their existing background knowledge (science
and social studies schemas). Consequently, students were able to leverage that knowledge when
encountering the unfamiliar passages (Kintsch, 1993, 2009; Kintsch & Kintsch, 2005). One
interesting finding is that effect sizes were consistent across recall, near-, and mid-transfer
assessments, which suggests that students found the easiest task (recall) no easier than the more
challenging near-transfer passage or the even more difficult mid-transfer passage. Past studies
have shown a slight drop in effect size for mid-transfer compared to near-transfer results (Kim et
al., 2022a). These findings suggest that the structured supplements may have reduced the
difficulty of the mid-transfer passage. Put differently, a passage that qualified once as mid

transfer became near transfer, likely due to the structured supplements.
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In our theory of change (Figure 2), we identify teacher language as a potential mediator,
and in our analyses, we found that teachers in the treatment conditions used target words in their
language above and beyond language from the read aloud lesson significantly more than control
teachers. Similarly, teachers in the treatment condition asked more questions and provided
language extensions for word meanings above and beyond the script of the lesson. This suggests
that providing structured supplements for teachers during a read aloud can serve as a catalyst for
expanded opportunities for word learning and schema instantiation. Giving teachers targeted
word explanations and questions may help direct their attention on key concepts, thereby
allowing them to use their pedagogical skills to enhance structured supplements of a read aloud.
Our results confirm that providing teachers with basic language embedded within a read aloud is
a key mechanism in explaining the significant treatment effects and is consistent with Gick &
Holyoak’s (1983) study, which documented the role teacher language played in helping scaffold
the mapping of one schema to another. In contrast to the control condition where teacher
language focused on a variety of semantically unrelated words, the treatment teachers focused
their activities on the domain-specific words, which provided retrieval cues that activated the
schema in the reader’s mind and constrained the semantic space of related words. Consistent
with the lexical quality hypothesis (Perfetti, 2007), our findings suggest that teachers’ language
in the treatment afforded more meaningful contexts for students to learn the form and meaning of
words in connected text.

We did not see an impact of structured read aloud supplements on EOG scores. However,
it is unlikely that a single lesson would have such far reaching effects on such a distal measure of

reading comprehension as a standardized EOG reading assessment.
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Finally, it should be noted that students received only a single read aloud lesson, and that
this lesson alone with embedded structured supplements for teachers caused improvements in
recall and transfer passage outcomes. Including structured supplements in read aloud lessons is a
promising practice that can aid teachers in identifying and targeting their instruction during read
aloud lessons through accessing familiar schemas, building knowledge through domain-specific
vocabulary instruction, and creating an opportunity to link two similar schemas.

Limitations and future directions

While the current findings are promising, there are a number of limitations. First, while
results indicated that structured supplements impacted recall and transfer measures of
comprehension, replications are needed to confirm that these results hold. Second, the recall and
transfer assessments were designed to be given the day after the read aloud lessons were
completed. Teachers were told to teach the lesson and have students complete all assessment
activities within a 10-day window. Due to time constraints at schools, many teachers
administered the assessments multiple days after the completion of the read aloud and sometimes
even spread across multiple days. This may have impacted the magnitude of the treatment effect
as it is unknown if waiting multiple days could have impacted student outcomes. Furthermore,
when teachers administered the assessments across multiple days, there were often student
absences that resulted in incomplete assessments. For example, some students may have taken
the recall and near-transfer assessment but were absent for the mid-transfer assessment.

Future research should explore the impact of this type of lesson over the span of a unit.
Does embedding structured supplements in multiple read aloud lessons during a unit of study
positively impact comprehension outcomes to a greater extent than the effects detected in the

present study? And how far do those effects travel along a continuum of transfer as documented
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in multiple MORE intervention studies (Kim et al., 2023a)? The present study did not include a
far-transfer passage due to time constraints. A far transfer passage that was based on the schema
taught during the lessons but included no directly taught words would also provide a more
stringent test of whether the schema alone or in combination with the vocabulary networks
supports text comprehension. Finally, there is a need for insight from teachers about their
perceptions of structured read aloud supplements. While a brief survey to participating teachers
yielded favorable responses, in-depth interviews might highlight ways in which structure
supplements can be expanded on and improved.

In conclusion, the findings from this study provide causal evidence for including
structured supplements for teachers in read aloud lessons. Structured supplements promote
focused emphasis on domain-specific vocabulary instruction, questioning, and activities to
promote schema instantiation. Moreover, the structured supplements used in our study are
curriculum agnostic and were informed by previous research on read alouds, teacher language
and discussion, and schema development. Thus, they could be easily incorporated into a range of
classroom curricula and instruction practices, particularly content literacy programs that aim to
improve background knowledge, vocabulary, and comprehension in the elementary grades
(Cabell & Hwang, 2020). The present study provides evidence for the benefit of embedding
structured supplements into read aloud lessons that focus on identifying links between concepts
and domains. As the Science of Reading continues to gain traction within public discourse, it is
important to provide teachers with tools, strategies, and usable knowledge that helps them
integrate principles of the Science of Teaching Reading into their instruction. Indeed, “becoming
a good reader requires books that explain how and why things function as they do. Becoming a

good reader depends upon teachers who insist that students think about the interconnections
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among ideas as they read” (Anderson & Pearson, 1984, p. 286). Embedding structured
supplements into a read aloud gives teachers the framework and support to focus on the
interconnections between concepts that can have positive impacts on comprehension outcomes.
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