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Using Bayesian Meta-Analysis to Explore the Components of Early Literacy 
Interventions  

Elias Walsh, John Deke, Silvia Robles, Andrei Streke, and Dan Thal September 2023 

Improving literacy instruction so that all students achieve grade-level proficiency in reading and writing 
remains a critical challenge in the United States. In this report, which is primarily aimed at researchers 
rather than education practitioners, the What Works Clearinghouse (WWC) applies two methodological 
approaches new to the WWC that together aim to improve our understanding of how early literacy 
interventions may work to improve student outcomes. First, this report pilots a new taxonomy developed 
by early literacy experts and intervention developers as part of a larger IES effort to develop standard 
nomenclature for the components of literacy interventions. Most, if not all, education interventions include 
multiple components that, when implemented together, are meant to improve student outcomes. These 
components might also be thought of as “active ingredients” or “key features.” Then, the WWC uses 
Bayesian meta-analysis—a statistical method to systematically summarize evidence across multiple studies 
that is new to the WWC—to estimate the associations between intervention components and intervention 
impacts. If some components are associated with positive intervention effects, researchers and innovators 
might be able to use this information to refine interventions, or develop new ones, and then design studies 
to test whether the interventions provide even greater benefits to students. The purpose of this 
methodological report is to explore to what extent observed components of interventions can explain 
which interventions have positive effects and develop take-aways for future applications of similar 
methods. The report uses studies of early literacy interventions to conduct this trial of the new methods. 

The WWC reviews and summarizes existing research in education, and this report uses WWC study data on 
literacy interventions—defined as any educational practice, program, product, or curriculum implemented 
with small groups or broadly at the classroom or school level. The sample includes 29 studies of 25 early 
literacy interventions in grades K–3 that examined impacts on measures of alphabetics outcomes. 
Alphabetics skills are important for students to develop early literacy skills and are commonly reported in 
early literacy studies. They include phonics, phonemic awareness, phonological awareness, and letter 
identification. Studies were included in the analysis if they were previously reviewed by the WWC and met 
the WWC’s rigorous research standards. Therefore, the findings of this synthesis may not be representative 
of all literacy research or literacy interventions. Moreover, the studies examined a wide range of student 
samples. As such, this report’s findings reflect those for K–3 students generally, rather than only those who 
are below grade level in reading. 

The synthesis team modified and piloted a new taxonomy developed for IES (Scher & Martinez, 2022) to 
document which intervention components were implemented in each study, and then examined which 
components have positive associations with the effects of interventions on alphabetics outcomes using 
Bayesian meta-analysis. This method cannot conclude that specific components caused improvements in 
alphabetics outcomes. However, it does seek to identify which components might be positively associated 
with the effects of interventions on measures of alphabetics outcomes. 
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Because the take-aways from this synthesis are exploratory, they do not inform specific recommendations to 
support educators or innovators. Instead, this report aims to assess the promise of applying both the new 
component taxonomy and synthesis methodology to potentially provide these recommendations in the 
future. The report also suggests directions for future research.  

Key take-aways  

• Findings from this synthesis suggest that disentangling which components of interventions are positively 
associated with impacts is challenging, and the components examined in this synthesis appear to have a 
limited role in explaining variation in intervention effects on alphabetics outcomes. Although some 
components are related to intervention effects, other factors also influence the success of an intervention. 
These factors could include teacher quality; school climate; school resources; or implementation frequency, 
duration, and quality. 

• This method identified positive associations between intervention impacts on alphabetics outcomes and 
components related to using student assessment data to drive decisions, including about how to group 
students for instruction, and components related to non-academic student supports, including efforts to teach 
social-emotional learning strategies and outreach to parents and families.  

• The method found that most early literacy interventions in this synthesis had positive effects on measures of 
alphabetics outcomes for students. Most interventions were multifaceted, delivered to small groups of six or 
fewer students or individual students, and required personnel beyond classroom teachers.  

WHY THIS SYNTHESIS? 

English language and literacy skills—listening, speaking, reading, and writing—are foundational to students’ 
academic achievement and setting them on a path to high school graduation and readiness for college and 
careers (Kuncel & Hezlett, 2010). Mastering foundational reading skills, including phonics, phonemic awareness, 
phonological awareness, and letter identification—collectively referred to as alphabetics—in the early grades is 
also vital for setting students up for later college and career success (Adams, 1990; National Reading Panel, 2000; 
Slavin et al., 2009; Snow et al., 1998; Wrulich et al., 2014). Yet in 2022, only one-third of grade 4 students scored 
at or above a proficient reading level on the National Assessment of Educational Progress—down from 37 percent 
in 2017 (The Nation’s Report Card, 2023).  

The What Works Clearinghouse (WWC) at the Institute of Education Sciences (IES) routinely reviews and 
summarizes research on educational interventions, defined as any practice, program, product, or curriculum 
implemented with small groups or broadly at the classroom or school level. The WWC has developed dozens of 
products that summarize the research on literacy interventions, including Practice Guides with evidence-based 
recommendations on preparing young children for school (Burchinal et al., 2022), providing reading 
interventions for students in grades 4–9 (Vaughn et al., 2022), teaching secondary students to write effectively 
(Graham et al., 2016), developing foundational reading skills in K–3 (Foorman et al., 2016), and teaching 
elementary school students to be effective writers (Graham et al., 2012).   

https://ies.ed.gov/ncee/wwc/PracticeGuide/30
https://ies.ed.gov/ncee/wwc/PracticeGuide/29
https://ies.ed.gov/ncee/wwc/PracticeGuide/29
https://ies.ed.gov/ncee/wwc/PracticeGuide/22
https://ies.ed.gov/ncee/wwc/PracticeGuide/21
https://ies.ed.gov/ncee/wwc/PracticeGuide/17
https://ies.ed.gov/ncee/wwc/PracticeGuide/17
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Yet a challenge in understanding ‘what works’ in education is knowing which components of interventions 
matter the most for student learning. Frequently, educational interventions contain multiple bundled 
components, and it is often not known why some interventions improved student outcomes more than others. 
Recognizing this challenge, IES has recently emphasized the potential value of better understanding the 
components of interventions in its Standards for Excellence in Education Research (SEER). Knowing which 
components may lead to increased learning can inform new interventions that may be more cost-effective or 
provide even greater educational benefits to students. For example, this knowledge might provide more 
flexibility by allowing: 

• Professional development programs to emphasize the strategies that may matter most. 

• Education decision makers at all levels to make evidence-informed changes to the models and programs 
already in use, rather than swapping entire programs. 

• Intervention innovators, including the developers of branded models, to revise and refine their products. 

• Funders and researchers to focus resources on testing the effectiveness of interventions that include 
components that may be more likely to improve outcomes, and on testing individual components to 
rigorously verify their effectiveness. 

While a range of people working in the field of education might benefit from better understanding which 
components of interventions matter, the intended audience for this methodological report is narrower and 
primarily aimed at researchers. 

About the WWC and its products that support evidence-based decision making 
The WWC reviews existing research in education, determines the quality of the research, and summarizes findings from 
the high-quality research to help educators and decision makers identify and implement evidence-based programs and 
practices. 

 

https://ies.ed.gov/seer/
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WHAT DID THIS SYNTHESIS DO? 

This report applies both a new taxonomy for classifying components of early literacy interventions and a new 
synthesis methodology to explore the components included in early literacy interventions in high-quality 
effectiveness studies reviewed by the WWC. The report uses studies of early literacy interventions to conduct a 
trial of the new methods. The purpose is to assess to what extent components explain why some interventions 
are successful. Because the findings in this report are exploratory, they are not meant to inform specific 
recommendations related to evidence-based decision making or the design of literacy interventions. Instead, this 
report aims to assess the promise of the new approaches to potentially provide these recommendations in the 
future. 

To explore which intervention components are positively associated with the effects of interventions on 
alphabetics outcomes, the team examined high-quality effectiveness studies of early literacy interventions in 
grades K–3 to understand what was implemented. The team first piloted a new taxonomy to code individual 
components of early literacy interventions in each study, placing them into groups of components called 
“component domains,” which are themselves placed within groups of domains called “component types.” Then, 
the team conducted a meta-analysis, which is a statistical method to synthesize evidence across multiple studies. 
Meta-analyses have the potential to provide more comprehensive and balanced information about the 
effectiveness of interventions than individual studies because they detect patterns across multiple studies, which 
guards against overreliance on the results of a single study. Meta-analyses summarize existing research and do 
not directly test the effectiveness of interventions. Therefore, meta-analyses can provide information about 
which intervention components are positively associated with the effects of interventions, but they cannot 
conclude that those components caused the improved outcomes. The primary purpose of the meta-analysis is to 
measure the associations between each component domain and the impacts of early literacy interventions on 
measures of alphabetics outcomes. 

RESEARCH QUESTIONS 

This synthesis addresses four research questions about the components of early literacy interventions examined 
in high-quality effectiveness studies and their relationships with the impacts of the intervention on alphabetics 
outcomes. The first two questions are intended to answer questions about the intervention components that 
were implemented in each study, which the synthesis team documented using a new taxonomy. The second two 
questions are intended to answer questions related to the results of the Bayesian meta-analysis. Specifically: 

1. What are the common components included in early literacy interventions? 

2. What are the component domains included in early literacy interventions that had positive or negative 
effects on alphabetics outcomes for students? 

3. Which component domains are positively associated with the effects of early literacy interventions on 
alphabetics outcomes for students? 

4. To what extent do the component domains explain variation in the effects of early literacy interventions on 
alphabetics outcomes?  
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CODING COMPONENTS OF EARLY LITERACY INTERVENTIONS 

To understand the components of interventions in each study, the team first trained research staff to 
systematically code intervention components in 29 studies of 25 literacy interventions in grades K–3 that 
examined impacts on measures of alphabetics outcomes. To accurately record the components of the 
interventions examined in each of the 29 studies, the synthesis team piloted a new taxonomy with standard 
nomenclature for the components of literacy interventions. The synthesis team used and built upon a taxonomy 
previously developed for another IES project (Technical Assistance Supporting Evidence-Building and Use under 
contract number 91990020F0052; Scher & Martinez, 2022) with input from early literacy experts and 
intervention developers. As part of the structured coding process based on the taxonomy, the synthesis team 
also requested additional information from study authors. Appendix A describes the approach used to identify 
intervention components in more detail.  

The component taxonomy defines four levels of intervention components. At the highest level is the component 
type, which identifies the broad strategy used by the intervention. The five component types are instructional 
practices, non-academic supports, organizational structures, educator supports, and assessment and placement. 
Component domains form the second level of the taxonomy, and the 15 component domains identify more 
specific practices within a component type, such as “building writing skills” or “incorporating social-emotional 
learning strategies.” The taxonomy further breaks down the component domains into 81 components and 
additional component approaches, which are the specific approaches to implementing each component. The 
four levels of the taxonomy are represented in Figure 1. 

Figure 1. The four levels of the component taxonomy 

 

Notes: The coding protocol in Appendix E lists the component types, component domains, components, and component 
approaches. 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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For this report, the team coded the components, and aggregated the components to the level of component 
domain for the analysis. The meta-analysis focuses on measuring the relationships between the 15 component 
domains and alphabetics outcomes, rather than between the components or component approaches that are 
nested within the component domains and alphabetics outcomes. Because the meta-analysis includes just 29 
studies that measured impacts on alphabetics outcomes, it is not possible to measure relationships between 
intervention effects and each of the 81 components with precision. The team coded the components of 
interventions to provide insight about how the component domains were implemented but did not code which 
component approaches were used to implement the components. Most studies did not provide enough detail to 
support reliably coding component approaches. However, the coders did refer to the component approaches to 
help correctly identify which components an intervention implemented.  

The five component types and 15 component domains included in the early literacy component taxonomy are 
shown in Figure 2. For example, the first component type in Figure 2 is instructional practices, structures, and 
academic supports. The first component domain within this type encompasses a set of components related to 
building alphabetics skills. Alphabetics skills include phonics, phonemic awareness, phonological awareness, 
and letter identification. Phonics instruction—which helps students develop the ability to associate letters and 
letter combinations with sounds and to use this information to blend the sounds into syllables and read or 
decode words—would fall within the domain for building alphabetics skills, for example. Within the component 
domain of building alphabetics skills, there are 13 components (not shown in Figure 2): working with rhyming 
words, engaging in explicit or direct instruction, teaching students to manipulate segments of sounds in speech, 
teaching letter names and letter-sound relations, linking letter-sound relationship knowledge to phonemic 
awareness, implementing handwriting programs to call attention to letter shape, teaching blended and sound-
spelling patterns in words, introducing common sound-spelling patterns, teaching students to recognize 
common word parts, teaching students to read regular and irregular high-frequency words, introducing 
phonetically irregular words, reading decodable words in isolation and in text, and using other instructional 
practices to build alphabetics skills. For each component, there are different component approaches. For 
example, to link letter-sound relationship knowledge to phonemic awareness, teachers might use letter tiles or 
magnetic letters to build or change words based on sounds, or gradually add more advanced words to support 
understanding of phonemic patterns (for example, by changing “can” to “cane” or “fat” to “flat”). The 
components within each domain are listed in Appendix A. The coding protocol the team used to code the 
components of interventions is included in Appendix E and lists the components along with the component 
approaches.  

The coding focused on whether the components of early literacy interventions were present or absent in the 
studies. The synthesis team did not systematically code contextual factors—such as teacher quality, school 
climate, or school resources—or the quality of implementation for each component. The team attempted to code 
whether studies reported any specific implementation challenges, but most studies did not provide enough 
information to confidently assess the quality of implementation. The team recorded who delivered the 
intervention and some details about the method of delivery, such as whether the intervention was delivered one 
on one to students or to small groups (defined in the taxonomy as including six or fewer students) or a whole 
class. These implementation factors provide descriptive information about the interventions, but they were not 
included in the meta-analysis. Future meta-analyses could identify implementation features to systematically 
code and include to learn to what extent these features are positively associated with intervention effects. 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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Figure 2. The five types of early literacy components and 15 component domains 

 

Notes:  The coding protocol in Appendix E includes complete definitions of the component types and domains. 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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ABOUT THE EARLY LITERACY INTERVENTIONS 

The 25 early literacy interventions include the following types of interventions as classified by the WWC: 

• Comprehensive reading or literacy curricula intended to serve as a school’s primary literacy instruction 
program (for example, Enhanced Core Reading Instruction)  

• Software applications designed to improve literacy skills and used with an entire class or individual 
students (for example, Abracadabra and MindPlay) 

• Programs, including supplemental programs that are intended to enhance whole-school or whole-
classroom literacy instruction (for example, Early Reading Intervention), as well as programs for students 
experiencing difficulty reading, such as tutoring programs (for example, Reading Recovery) 

•  Practices and strategies intended to address a specific literacy-related skill (for example, phonics or 
extended vocabulary instruction) 

•  Whole-school reform models that integrate curriculum, school culture, and family and community 
supports (for example, Success for All®) 

See Table B1 in Appendix B for the full list of interventions included in the meta-analysis. 

The approach to delivering 
interventions differed considerably 
across studies but frequently 
involved additional staff to support 
implementation or work with small 
groups of students. Teachers 
delivered the intervention alone in 38 
percent of the studies (Figure 3). 
Teachers along with a tutor, a 
paraprofessional, or a researcher (or 
multiple staff from these groups 
together) delivered the intervention 
in another 34 percent of studies. 
Tutors delivered the intervention 
alone or with support in 24 percent 
of studies. 

Figure 3. Who delivered the interventions? 

 
Notes: The figure includes 29 studies of early literacy interventions that examined 
impacts on independent alphabetics outcomes.  

Source: Authors’ coding of components in early literacy studies. 

Across the studies, 72 percent of 
students participated in at least part of the intervention in small groups, 34 percent of students participated one 
on one with a teacher or other instructor, and 21 percent of students participated with their whole classrooms. 
These percentages sum to more than 100 percent because interventions could include multiple student 
configurations. Including additional staff and working with small groups or individual students, as many of these 
interventions do, might be expected to improve student outcomes based on prior research (for example, Chetty 
et al., 2011, and Schanzenbach, 2006).  

Lastly, most interventions (90 percent) were delivered during school hours, and 10 percent were delivered after 
school hours. At least part of the intervention was delivered using technology in 20 percent of studies. 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf


9 

WWC STUDY DATA 

The study data were collected from the WWC’s publicly available database of reviewed studies. The WWC 
reviews studies both as part of systematic reviews—which are summarized in intervention reports or practice 
guides—and individually, outside of systematic reviews. The WWC database includes information about the 
quality of the study, findings from the study, and other details about each study, such as the setting, 
demographics of study participants, and sample size. Appendix B provides more details about the WWC’s 
process for reviewing studies. 

The team identified 29 high-quality studies of literacy interventions for students in grades K–3 that met specific 
inclusion criteria, including meeting the WWC’s rigorous research standards and examining impacts on 
measures of alphabetics outcomes for students. Citations for each study are included in the references, with links 
to each WWC study page for details about the study, the intervention, and the results of the WWC’s review. 
Appendix B outlines all criteria for inclusion of studies in this analysis. The studies include only those that have 
been reviewed by the WWC, which means that findings from this synthesis may not generalize to all literacy 
interventions. For example, some literacy interventions have not been studied using designs that can meet WWC 
standards. Also, the WWC has not exhaustively reviewed all literacy research, and the WWC might be more likely 
to review certain literacy interventions. 

The studies were conducted in the United States, Australia, Canada, New Zealand, and the United Kingdom and 
collectively included 22,596 students. Thirty-eight percent of the studies included students in kindergarten, 66 
percent included grade 1 students, 45 percent included grade 2 students, and 24 percent included grade 3 
students. The studies examined a wide range of student samples, including English learners, students 
experiencing difficulty with reading, and whole-school populations. Therefore, this report’s findings do not 
necessarily reflect findings only for students who are below grade level in reading, and instead reflect findings 
for K–3 students more generally.  

The 29 studies examined the effectiveness of 25 distinct interventions and include 108 findings that measure 
impacts of the interventions on alphabetics outcomes. A finding is an impact estimate for a particular outcome 
measure and a particular sample within a study. For example, a study might include findings for measures of 
phonemic awareness and letter identification, and for students in each of grades K–3. The impact estimate 
measures whether and how much the intervention appeared to improve each outcome.  

The synthesis includes 100 of the 108 impact estimates for alphabetics outcomes that were measured 
independently of study authors or intervention developers (Walsh et al., 2023). Previous research indicates the 
impacts of the literacy interventions tend to be smaller for measures developed independently of study authors 
and developers and independent outcomes may have more practical significance than nonindependent 
outcomes. (Wolf & Harbatkin, 2022). As such, this report focuses on the findings that used independent 
measures.  

THE META-ANALYTIC MODEL 

The meta-analysis has three objectives: (1) provide information about which early literacy interventions in high-
quality studies had positive effects on alphabetics outcomes, (2) explore which intervention component domains 
are positively associated with the effects of interventions on measures of alphabetics outcomes, and (3) measure 
to what extent the component domains examined in this synthesis can explain variation in intervention effects 
on alphabetics outcomes. A positive association between a component domain and the effects of interventions 

https://ies.ed.gov/ncee/wwc/StudyFindings
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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means that, for the studies and interventions included in the synthesis, the impacts of interventions that include 
the component domain tended to be more positive than those without the component domain after accounting 
for the presence of any other measured component domains also implemented in the interventions.  

The meta-analysis removes variation in intervention effectiveness across grade levels, outcome domains, and 
outcome measure type. These factors were held constant to focus attention on differences in intervention 
effectiveness related to component domains, rather than on differences due to how the components were 
studied. The meta-analysis also applies other adjustments to ensure that the impacts of interventions are 
comparable across studies. These adjustments account for sampling error due to small sample sizes, statistical 
bias in impact estimates that arises from the quality of the research design, and publication bias. These 
adjustments are described further in Appendix C.2. These adjustments are intended to produce more accurate 
information about the true impacts of interventions and, as a result, tend to produce smaller effect sizes than 
impacts without these adjustments. 

The meta-analysis uses a Bayesian approach. This type of synthesis differs from the way the WWC typically 
synthesizes evidence across studies. The model accounts for the issues described above that can sometimes lead 
to misleading results in other meta-analyses, but the Bayesian approach is not necessary to make most of these 
adjustments. Instead, the primary benefit of the Bayesian approach is in how it provides a more useful 
assessment of uncertainty. Statistical significance has often been used to communicate confidence in research 
findings, but the American Statistical Association warns that statistical significance does not mean what most 
people think it means and can lead to overconfidence in research findings (Greenland et al., 2016; Wasserstein & 
Lazar, 2016). By itself, statistical significance provides no information about the probability that an estimated 
relationship is due to random chance as opposed to a genuine effect. But with Bayesian methods, researchers 
can calculate the probability that a relationship is positive. Consequently, the Bayesian approach provides new 
opportunities to report research findings in ways that may ultimately be easier for decision makers to 
understand. Although the Bayesian approach may be unfamiliar to some audiences, it has the potential to 
convey the meaning of research findings more accurately to a broad audience. The Bayesian approach is a new 
way to characterize and report on the evidence for the WWC, and the findings from this meta-analysis are not 
aligned with definitions of evidence from the U.S. Department of Education. As such, the findings in this report 
are exploratory. Appendix C provides more information about the Bayesian method, its advantages compared to 
other widely used meta-analytic methods, and the technical details of estimating the Bayesian meta-analytic 
model. 

The Bayesian meta-analysis draws on data about intervention effects from WWC-reviewed studies across 
multiple topic areas in addition to early literacy and other sources to form priors for parameters in the model. In 
addition, while the meta-analysis focuses on findings on alphabetics outcomes, the meta-analysis model also 
draws from 25 additional studies of early literacy interventions with findings on other literacy outcomes. 
Relationships between component domains and intervention effects on a range of literacy outcomes estimated 
from these additional studies inform the estimated relationships with measures of alphabetics. In a frequentist 
analysis, the findings from these 25 additional studies might be excluded from the analysis. However, in a 
Bayesian analysis, including these additional findings improves the precision of the relationships estimated from 
the meta-analysis (Gelman et al., 2013). The synthesis team used the same approach to code intervention 
components in these additional studies that the team used to code components in the 29 studies that examined 
impacts on measures of alphabetics. The literacy outcomes in these additional studies are described in Appendix 
B. Appendix D includes synthesis findings based on all literacy outcomes. Appendix C provides more details 
about the Bayesian model, including all priors used in the model. 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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Readers should use caution when interpreting the findings from the exploratory meta-analysis. In particular, the 
results from the Bayesian analysis have the following limitations: 

Associations between component domains and intervention impacts should not be interpreted as 
causal. Readers should not interpret the results from this synthesis as causal because the synthesis cannot 
separate the effect of each component domain from all other factors related to intervention effectiveness, such 
as who delivered the intervention; frequency, duration, and quality of implementation; teacher quality; available 
resources; or measurement properties of outcome measures besides their domain and independence. For 
example, the meta-analysis cannot conclude that a component domain, by itself, led to larger impacts for an 
intervention. It is possible that a component domain that is positively associated with the effects of interventions 
has no effect on student outcomes because the interventions that include the component domain also include 
other effective but unmeasured components. The meta-analysis can disentangle the 15 component domains that 
were coded for the synthesis, but it is not possible to separate the effect of these components from factors (or 
components) that are unmeasured. Therefore, a component domain that is found to be positively associated 
with the effects of interventions on measures of alphabetics outcomes does not mean that the component 
domain caused the intervention to be more effective. Nor would this finding necessarily indicate that adding that 
component domain to another intervention will improve literacy outcomes. 

To verify whether a component domain causes improved literacy outcomes, researchers would need to conduct 
a new evaluation focused specifically on measuring the causal impact of the particular component domain. For 
example, to assess the value of a professional development component, an evaluation could compare the 
outcomes for students who either received an intervention with the professional development component or the 
same intervention without that component. Because most studies in the meta-analysis included bundles of 
components, some of which may not be captured in the component taxonomy, the meta-analysis cannot 
substitute for focused evaluations of particular component domains. 

Generalizability. The analysis is limited to interventions and studies contained in the WWC database, which are 
those the WWC has rigorously studied and reviewed, as well as to the samples and contexts of those studies. This 
has several consequences for the generalizability of the findings. First, only early literacy interventions that have 
been rigorously studied are represented in the analysis, but these interventions may not be representative of all 
early literacy interventions. Second, the studies in the database examine a wide range of student samples. 
Therefore, this report’s findings do not necessarily reflect findings for students who are below grade level in 
reading and instead reflect findings for all students more generally. It is not possible to make precise statements 
about how effective the interventions or their components are for different groups of students because studies 
do not always provide subgroup findings for these student groups. Third, among the rigorous studies of early 
literacy interventions, some have not been reviewed by the WWC and would therefore not be represented in the 
findings. For example, the WWC may have been more likely to select studies with more favorable findings to 
review. And finally, some studies of early literacy interventions that have been conducted are never published. 
This might occur when study authors choose to publish only studies with positive findings. The meta-analysis 
does attempt to account for these last two issues, as described in Appendix C. 

Small sample sizes. The meta-regression analysis uses findings about intervention effectiveness from 29 studies 
and 25 interventions to distinguish relationships with impacts for the 15 component domains. A larger number of 
studies and interventions would produce more precise findings, and the reporting in this synthesis appropriately 
reflects the uncertainty of the findings. Additionally, although the meta-analysis includes findings for additional 
literacy outcomes across a total of 54 studies, there are smaller numbers of findings for other groups of literacy 
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outcomes besides alphabetics, like reading comprehension outcomes. This means that this analysis was limited 
to examining relationships between component domains and intervention effects on alphabetics outcomes, 
although we report results for groups of other outcome measures in Appendix D. Furthermore, the relationships 
for alphabetics might change when using a larger study dataset with more alphabetics findings that allows for 
more precise estimates. Because this study employs a Bayesian meta-analysis, the results for any subgroup of 
studies will tend to be adjusted (or “shrunk”) towards the results for the full sample. Therefore, the relationships 
estimated for alphabetics outcomes are influenced by relationships with other literacy outcomes. Finally, the 
small sample size does not allow for measuring precise relationships between each of the 81 components within 
the component domains and impacts of literacy interventions, although we discuss the likely magnitude of these 
impacts in Appendix D.  

Component uncertainty. The synthesis team documented which components appear to be present in the 
interventions, but there was some uncertainty without direct knowledge of the interventions. The studies do not 
always provide the level of detail needed to assess whether a component was present. To address this limitation, 
the synthesis team supplemented the publicly available documentation with information collected by querying 
study authors. In cases where authors did not respond to queries, some components coded as not present might 
actually be present. Among components coded as present, it is not possible to reliably determine if they were 
implemented as intended. 

Actionable variation in intervention impacts. The extent to which component domains can explain variation 
in intervention effects on alphabetics outcomes may be limited by practical and measurement issues. If, for 
example, the amount of actionable variation in intervention impacts were only 20 percent, then explaining only 
a portion of that remaining variation would appear small relative to the total amount of variation. The amount of 
actionable variation may be smaller than the total amount of variation in intervention impacts for two reasons. 
First, if any intervention—no matter how well designed—is limited in its capacity to improve student 
achievement, some variation in impacts could not be explained by the component domains. Second, it may be 
case that the quality of measures obscures the importance of component domains. The psychometric properties 
of measures—including their reliability and validity—vary widely in education research. Although the WWC 
(2022) has requirements for outcome measures, differences in quality remain. If outcome measures are poor 
indicators of the underlying constructs components are meant to affect, our interpretation of components’ 
efficacy is likely skewed. 

Despite these caveats, the results of this synthesis offer insights into both literacy interventions and the 
methodological approach. These include descriptive information about literacy interventions and their 
components, exploratory findings about which component domains are positively associated with the effects of 
interventions, and lessons for researchers interested in applying similar methods.  

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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WHAT DID THIS SYNTHESIS FIND? 

WHAT ARE COMMON COMPONENTS OF EARLY LITERACY INTERVENTIONS?  

This section provides descriptive findings based on the application of the taxonomy to the studies of early 
literacy interventions about which component types, domains, and individual components were implemented in 
the studies.  

Implementation of component types. According to 
the new taxonomy, the early literacy interventions 
examined in this synthesis generally include multiple 
components, with most studies including at least three 
of the five component types. Of the 29 studies that 
examined impacts on independent alphabetics 
outcomes, 21 percent included all five types and another 
41 percent included four of the five types.  

All studies—100 percent, as shown in the top row of 
Figure 4—included a component to provide instructional 
practices, structures, or academic supports. Eighty-six 
percent of studies included an assessment and 
placement component. Assessment and placement 
components include screening of students for eligibility, 
monitoring student progress, multitiered systems of 
support, and homogenous or heterogeneous grouping 
of students (in any group size) based on assessment and 
screening results. Interventions that do not include 
assessment and placement components include those 
delivered to whole classrooms or schools. They also 
include interventions with one-on-one or small group 
instruction, but the groups would not be formed 
specifically based on student assessment data to identify 
specific groups of students, such as students below 
grade level in reading. 

Figure 4. Implementation of component types 
in early literacy interventions 

 
Notes: The figure includes 29 studies of early literacy 
interventions that examined impacts on independent 
alphabetics outcomes.  

Source: Authors’ coding of components in early literacy 
studies. 

Seventy-nine percent of studies included educator supports, such as professional development, professional 
learning communities, or instructional support materials such as sample lesson plans. Sixty-six percent of studies 
included organizational structures and supports, such as small-group literacy blocks, reduced class sizes, 
programming to support improvements in school climate, or summer or after-school programming. Less 
frequently used were non-academic student supports (38 percent), such as social-emotional learning strategies 
and involving parents and families.  

Implementation of component domains. Some of the 15 intervention component domains nested within the 
five component types defined in the new taxonomy were more widely used than others. For example, 100 
percent of the 29 early literacy interventions included a component to build alphabetics skills, which is expected 
given the focus on early literacy skills. Seventy-nine percent of studies included a component domain to build 
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reading accuracy and fluency skills and 34 percent included a component domain to build writing skills. The 
number and percentages of the 29 studies that implemented each component domain are reported in the 
highlighted rows in Tables 1–5, with one table for each component type. The subsequent rows report the most 
commonly implemented components within each of the component domains. For example, in the 24 studies 
that implemented a testing and screening component, 75 percent implemented universal screening for students 
and 71 percent implemented formative assessments. In the 19 studies that implemented a student placement 
component, 95 percent used student assessment data to form homogenous skill groups and 53 percent 
implemented a multitiered system of support or response-to-intervention framework. 

Tables 1–5 include all components implemented in at least 80 percent of studies that include the component 
domain and the two most frequently implemented components for each component domain. Appendix A 
provides this descriptive information for all 81 components. 

Table 1. Implementation of selected components in the instructional practices, structures, and 
academic supports component type 

Component Percentage of studies 

29 studies (100 percent) implemented at least one component to build alphabetics skills 

Engaging in explicit/direct instruction 90 

Teaching letter names and letter sound relations 90 

Teaching students to recognize and manipulate segments of sound in speech 83 

23 studies (79 percent) implemented at least one component to build reading accuracy and fluency skills 
Providing opportunities for oral reading practice with feedback 91 

Supporting oral reading through modeling, scaffolding, and feedback 91 

Teaching self-monitoring and self-correcting reading skills 91 

22 studies (76 percent) implemented at least one component to build comprehension skills 

Teaching how to use a specific reading comprehension strategy 64 

Guiding students through focused discussion on the meaning of the text 64 

19 studies (66 percent) implemented at least one component to support vocabulary development 
Providing instruction to build relevant vocabulary and background knowledge 89 

Teaching academic vocabulary in context 74 

10 studies (34 percent) implemented at least one component to build writing skills 

Providing instruction to develop writing quality 60 

Teaching writing conventions 40 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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Table 2. Implementation of selected components in the assessment and placement component type 

Component Percentage of studies 

24 studies (83 percent) implemented at least one testing and screening component 

Implementing universal screening for students in grades K–3 75 

Formative assessments through curriculum-based measurement 71 

19 studies (66 percent) implemented at least one student placement component 
Using student assessment data to form homogenous skill groups for literacy instruction 95 

Implementing a multitiered system of support or response-to-intervention framework to  
identify students in need of different levels of support 

53 

Table 3. Implementation of selected components in the educator supports component type 

Component Percentage of studies 

22 studies (76 percent) implemented at least one professional development for teachers component 

Supporting instructional practices 91 

Supporting the link between student assessment and practice 55 

20 studies (69 percent) implemented at least one component to provide instructional support materials 
Accessing and using sample lesson plans provided by developer 85 

Accessing and using curricular guides and developer handbooks 70 

6 studies (21 percent) implemented at least one professional learning communities component 

Building grade-level professional learning communities 50 

Providing common planning/prep time 50 
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Table 4. Implementation of selected components in the organizational structures and supports 
component type 

Component Percentage of studies 

15 studies (52 percent) implemented at least one component to reduce the ratio of students to teachers 

Scheduling small-group literacy blocks (including groups of any size smaller than a classroom) 93 

Using trained assistants or paraprofessionals in literacy blocks 67 

5 studies (17 percent) implemented at least one component to provide out-of-school time supports 
Tutoring outside of school time 60 

Summer programming 40 

After-school programming 40 

Partnering with community organizations 40 

4 studies (14 percent) implemented at least one component to support improvements in school climate 
Schoolwide efforts to promote positive behaviors 100 

Implementing multitiered systems of support around school climate and behaviors 25 

Table 5. Implementation of selected components in the non-academic student supports component 
type 

Component Percentage of studies 

9 studies (31 percent) implemented at least one social-emotional learning strategies component  

Teaching self-management skills 89 

Support development of a growth mindset 56 

6 studies (21 percent) implemented at least one parent outreach and involvement component  

Parent meetings and conferences to discuss learning and growth 50 

Programming to encourage parent involvement in reading activities 50 

Providing books to families 50 
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WHAT ARE THE COMPONENT DOMAINS OF EARLY LITERACY INTERVENTIONS FOUND TO HAVE 
POSITIVE OR NEGATIVE EFFECTS?  

The new methodology provides 
descriptive findings about which 
component domains were present 
in studies of early literacy 
interventions that had positive or 
negative effects on alphabetics 
outcomes, which this section 
describes. As a first step, the 
synthesis team used estimated 
effect sizes from the meta-analysis 
model to determine which 
interventions had positive or 
negative effects on independent 
alphabetics outcomes. The team 
aggregated across findings within 
each study by averaging the effect 
sizes for independent alphabetics 
outcomes.  

The new methodology found that 
most interventions included in 
this synthesis had positive effects 
on literacy outcomes for the 
students who participated in the 
studies. In fact, about 72 percent 
of the impacts of early literacy interventions on independent alphabetics outcomes were positive, as shown in 
Figure 5. The median effect size was 0.07 standard deviations. An impact of 0.07 standard deviations is 
equivalent to lifting a student at the 50th percentile of test scores in a study’s sample to the 53rd percentile of 
test scores—an increase of 3 percentile points.  

  

Figure 5. Effects of early literacy interventions on independent 
alphabetics outcomes 

 

Notes:  Results are based on 100 findings from 29 studies of early literacy interventions 
that examined impacts on independent alphabetics outcomes.  The range of impact 
estimates in the table reflects variation in impacts across grade levels, outcomes, and 
interventions. Effect sizes in standard deviations of student achievement are based on 
adjustments applied in the meta-analysis  to address statistical error in impact estimates, 
file-drawer bias, and the quality of the research design, as described in Appendix C.2. 
Each dot in the figure represents a study.  

Source:   Authors’ calculations based on data from the WWC’s database of reviewed 
studies. 

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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How to interpret the effect sizes in Figure 5 
Positive and negative intervention effects. A positive effect is an effect that is larger than 0 after adjustments applied in 
the meta-analysis to ensure that the effect sizes are comparable across studies, as described in Appendix C.2, including to 
address sampling error due to small sample sizes, statistical bias in impact estimates that arises from the quality of the 
research design, and publication bias. A negative effect is an effect that is smaller than 0 after these adjustments. 
According to these results from the meta-analysis, interventions with positive effects improved alphabetics outcomes for 
students relative to a comparison condition whereas interventions with negative effects led to worse outcomes for 
students.  

Independent versus non-independent measures. The effect sizes are measured for independently developed 
alphabetics measures, rather than those developed by study authors or the developers of the intervention. The impacts of 
the literacy interventions in this synthesis tend to be smaller for measures developed independently of study authors and 
developers, as shown in Table D1 in Appendix D.   

Comparison condition. The impacts of interventions are always measured against a comparison condition in which 
students receive some services intended to develop student literacy skills. Some interventions provide students in the 
intervention condition with different literacy instruction from those in the comparison condition and others provide 
supplemental literacy instruction to the intervention group while providing the standard instructional services to the 
students in both the intervention and comparison conditions.  

In a second step, the synthesis team used the data collected from applying the new taxonomy to measure how 
often each component domain was implemented in studies of early literacy interventions that had positive or 
negative effects on alphabetics outcomes, reported in Figure 6. The top, darker bars in each pair report how 
frequently the component domain was implemented in the 21 studies that examined interventions that had 
positive effects. The bottom, lighter bars report how frequently the component domain was implemented in the 
eight studies that examined interventions that had negative effects.  

This application of the new methodology found that some component domains were more likely to be present in 
interventions that had positive effects. For example, the testing and screening component domain is present in 
90 percent of interventions with positive effects but only in 63 percent of interventions with negative effects, and 
student placement is present in 71 percent of interventions with positive effects but in only 50 percent of 
interventions with negative effects. Other component domains were more likely to be present in interventions 
with negative effects. For example, professional development was implemented in 71 percent of interventions 
with positive effects and in 88 percent of interventions with negative effects, and providing opportunities for 
reducing the ratio of students to teachers was implemented in 43 percent of interventions with positive effects 
and in 75 percent of interventions with negative effects.  

These descriptive differences in which component domains were included in interventions that had positive 
versus negative effects are suggestive of which component domains might have positive associations with the 
effects of interventions. However, multiple component domains were implemented together in interventions, so 
Figure 6 does not answer which components might have positive associations with the effects of intervention, 
after controlling for the presence of other component domains.  

file://mathematica.Net/NDrive/Project/Secretaries/NJ1/50629%20WWC/REPORTS/OTHER/PRO0024147_50629%20WWC-OREGANO%20Meta%20Analysis%20Final/Link%20to%20Appendix
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Figure 6. Component domains included in early literacy interventions that had positive or 
negative effects on independent alphabetics outcomes 

 

Notes: The figure includes 29 studies of early literacy interventions that examined impacts on independent alphabetics 
outcomes. Interventions with positive effects are those in the 21 studies in Figure 5 with positive impacts on independent 
alphabetics outcomes. Interventions with negative effects are those in the eight studies in Figure 5 with negative impacts on 
independent alphabetics outcomes. 

Source:  Authors’ coding of components in early literacy studies. 
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WHICH COMPONENT DOMAINS ARE POSITIVELY ASSOCIATED WITH THE EFFECTS OF EARLY 
LITERACY INTERVENTIONS? 

This section provides results from the meta-analysis that seeks to disentangle which component domains are 
positively associated with the effects of interventions. The results in this section describe relationships between 
component domains and impacts of interventions on independent alphabetics outcomes based on applying the 
new methodology to this topic area. Because multiple component domains are typically implemented together, 
the meta-analysis estimates relationships for each component domain while controlling for the presence of the 
other component domains. For example, two related component domains are (1) reducing the ratio of students 
to teachers and (2) student placement. Both domains can involve providing instruction to small groups of 
students, but the way each is defined in the component taxonomy is different. Specifically, only the student 
placement domain requires grouping of students based on student assessment data. The meta-analysis 
disentangles the efficacy for each component domain by controlling for the other component domains. 
Therefore, the relationship for the reducing the ratio of students to teachers component domain reflects how 
much the effects of an intervention might change when adding a component delivered to small groups (of any 
size smaller than a classroom), but only small groups that are formed without intentional placement or 
consideration of student needs. As previously discussed, component domains are also implemented together 
with unmeasured component domains; the meta-analysis does not account for the presence of these 
unmeasured component domains or other features of interventions that are not included in the model, which 
could also influence the relationships. 

Even though the meta-analysis model found that most early literacy interventions in this synthesis had positive 
effects, some component domains are more likely to be positively associated than others with intervention 
effects when controlling for the presence of other component domains. Based on the results of the meta-analysis, 
Figure 7 reports the size and direction of associations between component domains and the effects of 
interventions. For each component domain, the figure shows an estimated effect size that measures the size of 
the association between the component domain and intervention effects, 90-percent credible interval for the 
effect size, and probability that the effect size is positive. The effect sizes, shown as dots in Figure 7, measure the 
strength of the component domain’s association with the intervention effects. Specifically, the effect size gives 
the average estimate of how much larger the effect of an intervention might be when adding the component 
domain. This estimate is only suggestive, however, because other, unmeasured features of interventions beside 
the component domain could be contributing to the effect size magnitudes. A negative effect size means that the 
component domain is negatively associated with intervention effects, not that the interventions with the 
component domain have negative impacts on student outcomes.  

The 90-percent credible intervals, shown by the lines that extend on either side of each effect size, give the range 
of most likely effect sizes so that there is only a 10 percent chance that the effect size is either above or below the 
indicated range. The probability, shown in the column on the right, indicates the chance that the effect size is 
positive (see box on this page). Component domains with positive effect sizes are those with positive associations 
with intervention effects. 
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How to interpret estimated probabilities 
The synthesis team selected the Bayesian methods in this synthesis with an aim to provide interpretable findings and 
conclusions about the relationships between component domains and improved literacy outcomes. In addition to effect 
sizes and credible intervals, the findings are reported in terms of probabilities. 

A probability indicates what percentage of the time a statement will be true. For example, if the synthesis concluded that 
each of 10 components had a 70 percent chance of being related to improved outcomes, one should expect that seven of 
the 10 components are in fact related to improved outcomes. All research findings have some uncertainty about their 
conclusions. The intention with reporting these probabilities is to be transparent about the extent of uncertainty. 

Figure 7. Magnitudes of relationships between each component domain and intervention 
impacts on independent alphabetics outcomes 

 
Notes:   Results are based on 100 findings from 29 studies of early literacy interventions that examined impacts on independent 
alphabetics outcomes. The purpose of the credible interval is to communicate uncertainty regarding the true effect size. The 
choice of a 90-percent interval (as opposed to a 95-percent or 80-percent interval, for example) is arbitrary.  A negative effect 
size means that the component domain is negatively associated with intervention impacts, not that the interventions with the 
component domain have negative effects on student outcomes.  

Source:   Authors’ calculations based on data from the WWC database of reviewed studies. 
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Assessment and placement domains. This application of the new methods found that testing and screening 
and student placement domains are each positively associated with intervention impacts on independent 
alphabetics outcomes. The association between the testing and screening domain and intervention impacts is 87 
percent likely to be positive. The estimated effect size is 0.09 standard deviations, although there is a 10 percent 
chance that the actual relationship is below –0.03 or above 0.28 standard deviations. The association between 
the student placement domain and intervention impacts is 82 percent likely to be positive. The estimated effect 
size is 0.08 standard deviations, although there is a 10 percent chance that the actual relationship is below –0.04 
or above 0.27 standard deviations.  

Non-academic student supports domains. This application of the new methods also found that non-academic 
student supports are positively associated with intervention impacts. The association between the social-
emotional learning strategies domain and intervention impacts is 74 percent likely to be positive, and the 
association for the parent outreach and involvement domain is 61 percent likely to be positive. The estimated 
effect size for the social-emotional learning strategies domain is 0.04 standard deviations, and the estimated 
effect size for the parent outreach and involvement domain is 0.02 standard deviations. 

Other component domains. Because the remaining 11 component domains each have probabilities below 50 
percent, this application of the new methods found that these component domains are negatively associated 
with intervention effects. Although some component domains are negatively associated with intervention effects, 
many interventions that included these components had positive effects on alphabetics outcomes (Figure 6). 
Therefore, this synthesis is not sufficient to support purposively excluding any of these component domains 
from interventions. The two component domains with the most negative associations with intervention effects 
according to Figure 7 are the professional development and reducing ratio of students to teachers domains: 

• Professional development domain. This application of the new methods found that the association between 
the professional development for teachers domain and intervention impacts is only 21 percent likely to be 
positive with an estimated effect size of –0.06 standard deviations. This result is consistent with this 
component having been implemented more often in interventions that had negative effects than those with 
positive effects (Figure 6). However, this finding may be due to other features of the interventions not 
accounted for in the meta-analytic model rather than the professional development itself. For example, 
professional development might be offered in interventions that more often include other unmeasured 
components that are difficult to implement well, or in interventions where the school did not provide 
additional staff to implement the intervention. Alternatively, logistical challenges of implementing 
professional development could have placed additional demands on educator time resulting in less time for 
instruction. This synthesis cannot distinguish between these or other explanations. Even though professional 
development by itself may be insufficient to improve literacy outcomes, early literacy interventions included 
in this synthesis often included professional development (76 percent of studies as shown in Table 3). In 
some cases, professional development may have been an essential component of interventions.  

• Reducing ratio of students to teachers domain. Similarly, this application of the new methods also found that 
the association between the reducing ratio of students to teachers domain and intervention impacts is only 
16 percent likely to be positive with an estimated effect size of –0.06 standard deviations. This component 
domain is present in 52 percent of studies (Table 4). One possible explanation for the low ranking of this 
component domain is that the studies that include it also tend to include a component in the closely related 
student placement domain, which was highly ranked. This means that the association for reducing the ratio 
of students to teachers reflects the association between intervention impacts and providing small-group 
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instruction, but only when small groups are formed without intentional placement or consideration of 
student data. In other words, the student placement domain may be statistically cancelling out any positive 
effects associated with the reducing the ratio of students to teachers domain, but the results suggest that 
reducing the ratio of students to teachers is more likely to be associated with positive effects when student 
assessment data are used to place students into groups.    

Finally, given that that the focus of the meta-analysis is on better understanding the effects of interventions on 
alphabetics outcomes, it might seem counter-intuitive that this application of the new methods found that 
building alphabetics skills domain is not positively associated with effects on these outcomes. The meta-analysis 
found that building alphabetics skills is only 45 percent likely to be associated with positive intervention effects 
on alphabetics outcomes. However, as reported in Table 1, all interventions that examined impacts on 
independent alphabetics outcomes included this component domain. Therefore, it is not possible for the meta-
analysis to compare impacts between studies with and without the component domain because there are no 
studies with independent alphabetics outcomes that did not implement the building alphabetic skills domain. In 
this case, the Bayesian meta-analysis draws on associations estimated for studies that did not examine impacts 
on alphabetics outcomes, which were reported in additional 25 studies that examined impacts on other literacy 
outcomes. In other words, by extrapolating from evidence of intervention effects on outcomes in the other 
literacy domains, the model estimated that interventions that did not focus on building alphabetics skills were 
about 45 percent likely to improve independent alphabetics outcomes.  

TO WHAT EXTENT CAN THE COMPONENT DOMAINS EXPLAIN VARIATION IN INTERVENTION 
EFFECTS?  

This synthesis investigated to what extent the component domains explained the variation in the intervention 
impacts. This synthesis found that coded component domains explain only 9 percent of the variation in 
intervention impacts on alphabetics. The 9 percent of variation reflects variation explained in intervention 
impacts after accounting for sampling error due to small sample sizes, statistical bias in impact estimates that 
arises from the quality of the research design, and publication bias. Therefore, the component domains explain 
9 percent of the variation in the true impacts of interventions, rather than the estimated impacts of interventions 
as reported in the studies. Figure D2 in Appendix D shows the degree to which the intervention impacts vary in 
ways the component domains in the meta-analytic model cannot explain. 

However, the estimated 9 percent of explained variation may understate the importance of component domains, 
as noted in the limitations section above, because interventions are limited in their capacity to improve 
outcomes or because the poor measure quality obscures the importance of component domains. For example, if 
the amount of actionable variation in intervention impacts were only 20 percent, then the component domains 
explain a meaningful portion of the actionable variation.  

Nevertheless, this finding from the application of the new methods means that 91 percent of the variation in 
intervention effects on alphabetics appears to be due to factors not examined in this synthesis. These factors 
might include (1) component domains that this synthesis did not measure, such as communicating goals to 
students or using specific types of instructional modeling; (2) contextual factors, such as who delivered the 
intervention, teacher quality, school climate, or school resources; (3) frequency, duration, or quality of 
implementation; (4) characteristics of measurement, such as the validity and reliability of outcome measures; 
and (5) unmeasured research design quality factors that could lead to statistical bias in some studies. Therefore, 
future research might examine to what extent these other factors contribute to explaining the variation in 
intervention impacts.  

https://ies.ed.gov/ncee/pubs/2023008/pdf/WWC_2023008_appendix.pdf
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Finally, although the meta-analysis could not reliably distinguish among the 81 individual components within the 
15 component domains, these individual components are potentially important for understanding why some 
interventions are more effective than others. As previously discussed, the meta-analysis is estimated at the level 
of component domain because the study sample size is too small to reliably differentiate such a large number of 
components. However, when including the 81 individual components in the meta-analytic model along with the 
15 component domains, the amount of variation in intervention effectiveness that is explained by the model 
increases from 9 to 19 percent. It is possible that including additional levels of implementation detail, such as the 
component approaches listed in the component taxonomy, would lead to additional increases in variation 
explained. However, as discussed in the next section, it can be costly to collect this detailed information or it 
may not be reported in effectiveness studies. Furthermore, a larger sample of studies would be needed to 
measure precise associations between any additional factors and intervention effectiveness.  

TAKE-AWAYS AND IMPLICATIONS 

This report provides insights from conducting a Bayesian meta-analysis to explore the components of early 
literacy interventions and which components have the strongest associations with intervention impacts.  

First, this synthesis identified challenges for meta-analysts attempting to use component taxonomies to 
identify why an intervention is effective and how effectiveness might be improved. The challenges 
included (1) developing a systematic and thorough approach to coding components of early literacy 
interventions that reflects how interventions might work; (2) not knowing exactly how, or how well, 
interventions and their components were implemented; and (3) disentangling in the meta-analysis the 
contributions of many individual components. Despite these challenges, identifying and measuring factors that 
contribute to intervention effectiveness merits continued research because understanding why interventions 
work is critically important to improving student outcomes.  

The component taxonomy and associated coding protocol used in this synthesis are new, and this synthesis is 
the first to use the taxonomy in a meta-analysis. The component taxonomy should not be thought of as a 
definitive classification of the components of early literacy interventions and likely did not capture all relevant 
components and component domains. In future efforts to develop a component taxonomy and code 
components of interventions, researchers and content experts should think carefully about how interventions 
might work. These efforts will undoubtedly identify areas of disagreement that are valuable to explore and 
reconcile with further investigation. As such, the component taxonomy used in this study contributes to the 
ongoing conversation about what are key components of effective literacy interventions.  

The results of this synthesis also suggest there are important unmeasured factors, beyond components and 
component domains, that influence intervention effectiveness. This synthesis did not address who delivered the 
intervention; teacher quality; school climate; school resources; or implementation frequency, duration, and 
quality. Past research suggests that getting implementation “right” is likely a crucial determinant for whether an 
intervention can be successful. For example, one meta-analysis provided evidence that implementation quality 
and organizational capacity are important factors associated with success of youth programs intended to address 
externalizing behavior issues (Wilson et al., 2020). Such findings could add important insights about best 
practices for intervention design and implementation (List, 2022). 

Unfortunately, the effort to code information provided in original studies for this synthesis identified gaps that 
present a practical barrier to collecting more and better data about the implementation of interventions. It was 
not possible in this synthesis to code the presence or absence of components with complete accuracy, nor was it 
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possible to consistently code information about implementation challenges in the research. Most studies do not 
report this information. Coding this information is also time-intensive, especially when it is necessary to request 
additional information beyond that provided in the studies.  

There is also a trade-off between coding more detailed information about interventions and their 
implementation and the number of studies needed to measure precise associations between each feature and 
intervention impacts. For example, contextual details, such as who delivered the intervention, could be 
collected and analyzed in the meta-analytic model. However, when including more variables in the model, it may 
be necessary to include more studies and findings in the analysis to obtain precise information about each 
feature’s relationship with intervention effectiveness, especially when interventions are complex and bundle 
many components together. Given the small number of early literacy studies included in the analysis, this 
synthesis was unable to measure precise relationships for the 81 individual components within the 15 component 
domains. Also, the findings in this report provide relatively limited precision even when aiming to measure 
relationships between intervention impacts and only the 15 component domains. However, despite the 
limitations, the application of the taxonomy revealed some patterns in early literacy interventions and the 
Bayesian meta-analysis method identified some components that had positive associations with intervention 
impacts. 

Second, this synthesis found that most early literacy interventions examined in this synthesis were 
multifaceted and had positive effects on alphabetics outcomes. Most interventions included in this 
synthesis contained multiple component types and component domains. Most required personnel beyond 
classroom teachers. And most were implemented with small groups or individual students. Although 
information about the costs of implementing the interventions is not typically reported in the studies, these 
costs—including resource costs, time, and staffing—likely vary widely. Seventy-two percent of the interventions 
had positive effects on alphabetics outcomes after accounting for sampling error due to small sample sizes, 
statistical bias in impact estimates that arises from the quality of the research design, and publication bias. 
However, this synthesis examined only early literacy interventions that have been rigorously studied by 
researchers and reviewed by the WWC. Therefore, findings from this synthesis may not represent all literacy 
interventions, nor generalize to all students or to those who are in the most need of reading interventions.  

Finally, this synthesis highlights component domains that are positively associated with intervention 
effects on alphabetics outcomes, but these results come with caveats. The Bayesian meta-analysis method 
found that interventions that emphasize student assessment and placement and non-academic student supports 
were positively associated with intervention effects on alphabetics outcomes, but there is much more to be 
learned. The meta-analytic model accounts for some issues that can sometimes lead to misleading results in 
other meta-analyses, such as poor study quality and publication bias, and the Bayesian approach provides an 
opportunity to explore ways to report research findings in ways that may be more accessible to broad audiences. 
However, the approach is exploratory and caution in interpreting these findings is warranted because this 
synthesis cannot conclude that specific component domains caused improved alphabetics outcomes. These 
correlational findings based on the new method are still useful for researchers, and highlight which component 
domains may be more promising than others in improving alphabetics outcomes.  

More research is needed to rigorously test the effectiveness of individual components and component domains 
in improving literacy outcomes to provide actionable recommendations to educators and intervention 
innovators before they can potentially develop and implement more effective early literacy interventions. It is 
not enough to report which component domains have the strongest associations with intervention impacts. 
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Decision makers must also carefully weigh the potential benefits of implementing these components with the 
costs of implementation. For example, high-cost interventions may not be feasible in some districts and schools. 
Therefore, detailed information about costs and implementation would be needed. Additionally, guidance from 
experts in early literacy is critical to design potentially more effective interventions.  

It is possible the information available to meta-analysts will improve over time as study authors are more careful 
to collect and document details on implementation. The principles outlined in IES’s SEER standards, which ask 
authors of effectiveness studies to provide more details about implementation, may contribute to a better 
understanding about what makes educational interventions effective. Additionally, guidance from experts, 
including educators and those with relevant lived experiences, can improve the component taxonomy and help 
fill in the gaps in the information available in research. These experts can also help to interpret the findings from 
meta-analyses that incorporate this information to form recommendations and provide important guidance on 
implementation. 
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		3		2,3,5,6,8,9,10,11,12,13,14,15,17,20,21,26,29,30,31,32,33,34,35,36,37,38		Tags->0->0->8->0->0->0,Tags->0->0->8->1->0->0,Tags->0->0->8->2->0->0,Tags->0->0->8->2->1->0->0->0,Tags->0->0->8->2->1->1->0->0,Tags->0->0->8->2->1->2->0->0,Tags->0->0->8->2->1->3->0->0,Tags->0->0->8->2->1->4->0->0,Tags->0->0->8->3->0->0,Tags->0->0->8->3->1->0->0->0,Tags->0->0->8->3->1->1->0->0,Tags->0->0->8->3->1->2->0->0,Tags->0->0->8->3->1->3->0->0,Tags->0->0->8->4->0->0,Tags->0->0->8->5->0->0,Tags->0->0->8->6->0->0,Tags->0->0->10->0->0->0,Tags->0->0->10->1->0->0,Tags->0->0->10->2->0->0,Tags->0->0->10->3->0->0,Tags->0->0->10->4->0->0,Tags->0->0->12->0->0->0,Tags->0->0->12->1->0->0,Tags->0->0->12->2->0->0,Tags->0->0->12->3->0->0,Tags->0->0->12->4->0->0,Tags->0->0->12->5->0->0,Tags->0->0->12->6->0->0,Tags->0->0->16->1,Tags->0->0->16->1->1,Tags->0->0->16->3,Tags->0->0->16->3->1,Tags->0->0->16->3->2,Tags->0->0->16->5,Tags->0->0->16->5->1,Tags->0->0->16->7,Tags->0->0->16->7->1,Tags->0->0->16->9,Tags->0->0->16->9->1,Tags->0->0->16->9->2,Tags->0->0->17->1,Tags->0->0->17->1->1,Tags->0->0->30->1,Tags->0->0->30->1->1,Tags->0->0->34->1,Tags->0->0->34->1->1,Tags->0->0->36->1,Tags->0->0->36->1->1,Tags->0->0->36->3,Tags->0->0->36->3->1,Tags->0->0->40->1,Tags->0->0->40->1->1,Tags->0->0->44->1,Tags->0->0->44->1->1,Tags->0->0->53->1,Tags->0->0->53->1->1,Tags->0->0->53->3,Tags->0->0->53->3->1,Tags->0->0->54->1,Tags->0->0->54->1->1,Tags->0->0->60->1,Tags->0->0->60->1->1,Tags->0->0->61->1,Tags->0->0->61->1->1,Tags->0->0->62->1,Tags->0->0->62->1->1,Tags->0->0->62->1->2,Tags->0->0->62->3,Tags->0->0->62->3->1,Tags->0->0->62->5,Tags->0->0->62->5->1,Tags->0->0->65->1,Tags->0->0->65->1->1,Tags->0->0->66->1,Tags->0->0->66->1->1,Tags->0->0->66->3,Tags->0->0->66->3->1,Tags->0->0->81->1->1,Tags->0->0->97->1->1,Tags->0->0->99->1->1->1,Tags->0->0->99->2->1->1,Tags->0->0->122->1->1,Tags->0->0->137->1->1,Tags->0->0->138->4->1->1,Tags->0->0->138->5->1->1,Tags->0->0->138->5->3->1,Tags->0->0->140->0,Tags->0->0->140->0->1,Tags->0->0->140->2,Tags->0->0->140->2->1,Tags->0->0->141->0,Tags->0->0->141->0->1,Tags->0->0->141->2,Tags->0->0->141->2->1,Tags->0->0->142->0,Tags->0->0->142->0->1,Tags->0->0->142->2,Tags->0->0->142->2->1,Tags->0->0->143->0,Tags->0->0->143->0->1,Tags->0->0->143->2,Tags->0->0->143->2->1,Tags->0->0->144->0,Tags->0->0->144->0->1,Tags->0->0->144->2,Tags->0->0->144->2->1,Tags->0->0->145->0,Tags->0->0->145->0->1,Tags->0->0->145->2,Tags->0->0->145->2->1,Tags->0->0->146->0,Tags->0->0->146->0->1,Tags->0->0->146->2,Tags->0->0->146->2->1,Tags->0->0->147->0,Tags->0->0->147->0->1,Tags->0->0->147->2,Tags->0->0->147->2->1,Tags->0->0->148->0,Tags->0->0->148->0->1,Tags->0->0->148->2,Tags->0->0->148->2->1,Tags->0->0->149->0,Tags->0->0->149->0->1,Tags->0->0->149->2,Tags->0->0->149->2->1,Tags->0->0->150->0,Tags->0->0->150->0->1,Tags->0->0->151->0,Tags->0->0->151->0->1,Tags->0->0->151->0->2,Tags->0->0->151->2,Tags->0->0->151->2->1,Tags->0->0->152->0,Tags->0->0->152->0->1,Tags->0->0->152->2,Tags->0->0->152->2->1,Tags->0->0->153->0,Tags->0->0->153->0->1,Tags->0->0->153->0->2,Tags->0->0->153->2,Tags->0->0->153->2->1,Tags->0->0->154->0,Tags->0->0->154->0->1,Tags->0->0->154->2,Tags->0->0->154->2->1,Tags->0->0->155->0,Tags->0->0->155->0->1,Tags->0->0->155->2,Tags->0->0->155->2->1,Tags->0->0->156->0,Tags->0->0->156->0->1,Tags->0->0->157->0,Tags->0->0->157->0->1,Tags->0->0->157->2,Tags->0->0->157->2->1,Tags->0->0->158->0,Tags->0->0->158->0->1,Tags->0->0->158->2,Tags->0->0->158->2->1,Tags->0->0->159->1,Tags->0->0->159->1->1,Tags->0->0->159->3,Tags->0->0->159->3->1,Tags->0->0->159->5,Tags->0->0->159->5->1,Tags->0->0->160->0,Tags->0->0->160->0->1,Tags->0->0->160->2,Tags->0->0->160->2->1,Tags->0->0->161->0,Tags->0->0->161->0->1,Tags->0->0->161->2,Tags->0->0->161->2->1,Tags->0->0->162->0,Tags->0->0->162->0->1,Tags->0->0->162->2,Tags->0->0->162->2->1,Tags->0->0->163->0,Tags->0->0->163->0->1,Tags->0->0->163->2,Tags->0->0->163->2->1,Tags->0->0->164->0,Tags->0->0->164->0->1,Tags->0->0->164->2,Tags->0->0->164->2->1,Tags->0->0->165->0,Tags->0->0->165->0->1,Tags->0->0->165->2,Tags->0->0->165->2->1,Tags->0->0->166->0,Tags->0->0->166->0->1,Tags->0->0->166->2,Tags->0->0->166->2->1,Tags->0->0->167->0,Tags->0->0->167->0->1,Tags->0->0->167->2,Tags->0->0->167->2->1,Tags->0->0->167->2->2,Tags->0->0->168->0,Tags->0->0->168->0->1,Tags->0->0->168->2,Tags->0->0->168->2->1,Tags->0->0->169->0,Tags->0->0->169->0->1,Tags->0->0->169->2,Tags->0->0->169->2->1,Tags->0->0->169->2->2,Tags->0->0->170->0,Tags->0->0->170->0->1,Tags->0->0->170->2,Tags->0->0->170->2->1,Tags->0->0->171->0,Tags->0->0->171->0->1,Tags->0->0->172->0,Tags->0->0->172->0->1,Tags->0->0->172->2,Tags->0->0->172->2->1,Tags->0->0->173->0,Tags->0->0->173->0->1,Tags->0->0->173->0->2,Tags->0->0->173->2,Tags->0->0->173->2->1,Tags->0->0->174->0,Tags->0->0->174->0->1,Tags->0->0->174->2,Tags->0->0->174->2->1,Tags->0->0->175->0,Tags->0->0->175->0->1,Tags->0->0->175->2,Tags->0->0->175->2->1,Tags->0->0->176->0,Tags->0->0->176->0->1,Tags->0->0->176->2,Tags->0->0->176->2->1,Tags->0->0->177->0,Tags->0->0->177->0->1,Tags->0->0->177->2,Tags->0->0->177->2->1,Tags->0->0->178->0,Tags->0->0->178->0->1,Tags->0->0->178->2,Tags->0->0->178->2->1,Tags->0->0->179->0,Tags->0->0->179->0->1,Tags->0->0->179->2,Tags->0->0->179->2->1,Tags->0->0->179->2->2,Tags->0->0->180->0,Tags->0->0->180->0->1,Tags->0->0->180->2,Tags->0->0->180->2->1,Tags->0->0->180->2->2,Tags->0->0->181->0,Tags->0->0->181->0->1,Tags->0->0->181->2,Tags->0->0->181->2->1,Tags->0->0->182->0,Tags->0->0->182->0->1,Tags->0->0->182->2,Tags->0->0->182->2->1,Tags->0->0->183->0,Tags->0->0->183->0->1,Tags->0->0->183->0->2,Tags->0->0->183->2,Tags->0->0->183->2->1,Tags->0->0->184->0,Tags->0->0->184->0->1,Tags->0->0->184->2,Tags->0->0->184->2->1,Tags->0->0->185->0,Tags->0->0->185->0->1,Tags->0->0->185->2,Tags->0->0->185->2->1,Tags->0->0->186->0,Tags->0->0->186->0->1,Tags->0->0->186->2,Tags->0->0->186->2->1,Tags->0->0->187->0,Tags->0->0->187->0->1,Tags->0->0->187->2,Tags->0->0->187->2->1,Tags->0->0->188->0,Tags->0->0->188->0->1,Tags->0->0->188->2,Tags->0->0->188->2->1,Tags->0->0->189->0,Tags->0->0->189->0->1,Tags->0->0->189->2,Tags->0->0->189->2->1,Tags->0->0->190->0,Tags->0->0->190->0->1,Tags->0->0->190->2,Tags->0->0->190->2->1,Tags->0->0->191->0,Tags->0->0->191->0->1,Tags->0->0->191->2,Tags->0->0->191->2->1,Tags->0->0->192->0,Tags->0->0->192->0->1,Tags->0->0->192->2,Tags->0->0->192->2->1,Tags->0->0->195->1,Tags->0->0->195->1->1,Tags->0->0->197->1,Tags->0->0->197->1->1,Tags->0->0->198->1,Tags->0->0->198->1->1,Tags->0->0->199->1,Tags->0->0->199->1->1,Tags->0->0->200->1,Tags->0->0->200->1->1,Tags->0->0->201->1,Tags->0->0->201->1->1,Tags->0->0->203->1,Tags->0->0->203->1->1,Tags->0->0->204->1,Tags->0->0->204->1->1,Tags->0->0->205->1,Tags->0->0->205->1->1,Tags->0->0->206->1,Tags->0->0->206->1->1,Tags->0->0->207->1,Tags->0->0->207->1->1,Tags->0->0->208->1,Tags->0->0->208->1->1,Tags->0->0->209->1,Tags->0->0->209->1->1,Tags->0->0->210->1,Tags->0->0->210->1->1,Tags->0->0->211->1,Tags->0->0->211->1->1,Tags->0->0->212->1,Tags->0->0->212->1->1,Tags->0->0->213->1,Tags->0->0->213->1->1,Tags->0->0->215->1,Tags->0->0->215->1->1,Tags->0->0->216->1,Tags->0->0->216->1->1,Tags->0->0->216->1->2,Tags->0->0->217->1,Tags->0->0->217->1->1,Tags->0->0->218->1,Tags->0->0->218->1->1,Tags->0->0->219->1,Tags->0->0->219->1->1,Tags->0->0->220->1,Tags->0->0->220->1->1,Tags->0->0->221->1,Tags->0->0->221->1->1,Tags->0->0->222->1,Tags->0->0->222->1->1,Tags->0->0->223->1,Tags->0->0->223->1->1,Tags->0->0->223->1->2,Tags->0->0->223->1->3,Tags->0->0->224->1,Tags->0->0->224->1->1,Tags->0->0->225->1,Tags->0->0->225->1->1,Tags->0->0->226->1,Tags->0->0->226->1->1,Tags->0->0->228->1,Tags->0->0->228->1->1,Tags->0->0->229->1,Tags->0->0->229->1->1,Tags->0->0->230->1,Tags->0->0->230->1->1,Tags->0->0->231->1,Tags->0->0->231->1->1,Tags->0->0->232->1,Tags->0->0->232->1->1		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Passed				Verification result set by user.

		4						Guideline 1.3 Create content that can be presented in different ways		Lbl - Valid Parent		Passed		All Lbl elements passed.		

		5						Guideline 1.3 Create content that can be presented in different ways		LBody - Valid Parent		Passed		All LBody elements passed.		

		6						Guideline 1.3 Create content that can be presented in different ways		Link Annotations		Passed		All tagged Link annotations are tagged in Link tags.		

		7						Guideline 1.3 Create content that can be presented in different ways		Links		Passed		All Link tags contain at least one Link annotation.		

		8						Guideline 1.3 Create content that can be presented in different ways		List Item		Passed		All List Items passed.		

		9						Guideline 1.3 Create content that can be presented in different ways		List		Passed		All List elements passed.		

		10						Guideline 1.3 Create content that can be presented in different ways		Table Cells		Passed		All Table Data Cells and Header Cells passed		

		11						Guideline 1.3 Create content that can be presented in different ways		Table Rows		Passed		All Table Rows passed.		

		12						Guideline 1.3 Create content that can be presented in different ways		Table		Passed		All Table elements passed.		

		13						Guideline 1.3 Create content that can be presented in different ways		Heading Levels		Passed		All Headings are nested correctly		

		14						Guideline 1.3 Create content that can be presented in different ways		ListNumbering		Passed		All List elements passed.		

		15						Guideline 1.3 Create content that can be presented in different ways		Header Cells		Passed		All table cells have headers associated with them.		

		16		17,18,19		Tags->0->0->83,Tags->0->0->87,Tags->0->0->89,Tags->0->0->91		Guideline 1.3 Create content that can be presented in different ways		Summary attribute		Passed				Verification result set by user.

		17						Guideline 1.3 Create content that can be presented in different ways		Scope attribute		Passed		All TH elements define the Scope attribute.		

		18						Guideline 1.3 Create content that can be presented in different ways		Meaningful Sequence		Passed		No Untagged annotations were detected, and no elements have been untagged in this session.		

		19						Guideline 1.3 Create content that can be presented in different ways		Tabs Key		Passed		All pages that contain annotations have tabbing order set to follow the logical structure.		

		20						Guideline 1.3 Create content that can be presented in different ways		Tagged Document		Passed		Tags have been added to this document.		

		21				Doc		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Format, layout and color		Passed		Make sure that no information is conveyed by contrast, color, format or layout, or some combination thereof while the content is not tagged to reflect all meaning conveyed by the use of contrast, color, format or layout, or some combination thereof.		Verification result set by user.

		22				Doc		Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Minimum Contrast		Passed		Please ensure that the visual presentation of text and images of text has a contrast ratio of at least 4.5:1, except for Large text and images of large-scale text where it should have a contrast ratio of at least 3:1, or incidental content or logos
		Verification result set by user.

		23						Guideline 2.1 Make all functionality operable via a keyboard interface		Server-side image maps		Passed		No Server-side image maps were detected in this document (Links with IsMap set to true).		

		24		14		Tags->0->0->65->1->1		Guideline 2.3 Do not design content in a way that is known to cause seizures		Three Flashes or Below Threshold		Passed		An action of type Launch an Application attached to the Mouse Up trigger of the highlighted element has been detected.		C:\Users\sclark\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\DPEF2HS3\Link to Appendix C

		25		21		Tags->0->0->99->2->1->1		Guideline 2.3 Do not design content in a way that is known to cause seizures		Three Flashes or Below Threshold		Passed		An action of type Launch an Application attached to the Mouse Up trigger of the highlighted element has been detected.		C:\Users\Elizabeth.Eisner\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\RAAD12QF\We will add links to the appendix

		26						Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Headings defined		Passed		Headings have been defined for this document.		

		27				Doc		Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Outlines (Bookmarks)		Passed		Number of headings and bookmarks do not match.		Verification result set by user.

		28		2,3		Tags->0->0->7,Tags->0->0->9		Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Outlines (Bookmarks)		Passed		Heading text and bookmark text do not match.		Verification result set by user.

		29		3		Tags->0->0->11		Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Outlines (Bookmarks)		Passed		The heading level for the highlighted heading is 2 , while for the highlighted bookmark is 3. Suspending further validation.		Verification result set by user.

		30				MetaData		Guideline 2.4 Provide ways to help users navigate, find content, and determine where they are		Metadata - Title and Viewer Preferences		Passed		Please verify that a document title of Using Bayesian Meta-Analysis to Explore Early Literacy Interventions is appropriate for this document.		Verification result set by user.

		31				MetaData		Guideline 3.1 Make text content readable and understandable.		Language specified		Passed		Please ensure that the specified language (EN-US) is appropriate for the document.		Verification result set by user.

		32				Doc->0		Guideline 3.2 Make Web pages appear and operate in predictable ways		Change of context		Passed		An action of type Go To Destination is attached to the Open Action event of the document. Please ensure that this action does not initiate a change of context.		0 XYZ -2147483648 -2147483648 -2147483648

		33						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Formulas		Not Applicable		No Formula tags were detected in this document.		

		34						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Forms		Not Applicable		No Form Fields were detected in this document.		

		35						Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Other Annotations		Not Applicable		No other annotations were detected in this document.		

		36						Guideline 1.2 Provide synchronized alternatives for multimedia.		Captions 		Not Applicable		No multimedia elements were detected in this document.		

		37						Guideline 1.3 Create content that can be presented in different ways		Form Annotations - Valid Tagging		Not Applicable		No Form Annotations were detected in this document.		

		38						Guideline 1.3 Create content that can be presented in different ways		Other Annotations - Valid Tagging		Not Applicable		No Annotations (other than Links and Widgets) were detected in this document.		

		39						Guideline 1.3 Create content that can be presented in different ways		RP, RT and RB - Valid Parent		Not Applicable		No RP, RB or RT elements were detected in this document.		

		40						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - Ruby		Not Applicable		No Ruby elements were detected in this document.		

		41						Guideline 1.3 Create content that can be presented in different ways		THead, TBody and TFoot		Not Applicable		No THead, TFoot, or TBody elements were detected in this document.		

		42						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - Warichu		Not Applicable		No Warichu elements were detected in this document.		

		43						Guideline 1.3 Create content that can be presented in different ways		Correct Structure - WT and WP		Not Applicable		No WP or WT elements were detected in the document		

		44						Guideline 1.3 Create content that can be presented in different ways		Article Threads		Not Applicable		No Article threads were detected in the document		

		45						Guideline 1.4 Make it easier for users to see and hear content including separating foreground from background.		Images of text - OCR		Not Applicable		No raster-based images were detected in this document.		

		46						Guideline 2.2 Provide users enough time to read and use content		Timing Adjustable		Not Applicable		No elements that could require a timed response found in this document.		

		47						Guideline 3.3 Help users avoid and correct mistakes		Required fields		Not Applicable		No Form Fields were detected in this document.		

		48						Guideline 3.3 Help users avoid and correct mistakes		Form fields value validation		Not Applicable		No form fields that may require validation detected in this document.		

		49						Guideline 4.1 Maximize compatibility with current and future user agents, including assistive technologies		4.1.2 Name, Role, Value		Not Applicable		No user interface components were detected in this document.		

		50		2,3		Tags->0->0->8->0->0->0->1,Tags->0->0->8->0->0->0->2,Tags->0->0->8->1->0->0->1,Tags->0->0->8->2->0->0->1,Tags->0->0->8->2->1->0->0->0->1,Tags->0->0->8->2->1->1->0->0->1,Tags->0->0->8->2->1->2->0->0->1,Tags->0->0->8->2->1->3->0->0->1,Tags->0->0->8->2->1->4->0->0->1,Tags->0->0->8->3->0->0->1,Tags->0->0->8->3->1->0->0->0->1,Tags->0->0->8->3->1->1->0->0->1,Tags->0->0->8->3->1->1->0->0->2,Tags->0->0->8->3->1->2->0->0->1,Tags->0->0->8->3->1->2->0->0->2,Tags->0->0->8->3->1->3->0->0->1,Tags->0->0->8->4->0->0->1,Tags->0->0->8->5->0->0->1,Tags->0->0->8->6->0->0->1,Tags->0->0->10->0->0->0->1,Tags->0->0->10->0->0->0->2,Tags->0->0->10->1->0->0->1,Tags->0->0->10->1->0->0->2,Tags->0->0->10->2->0->0->1,Tags->0->0->10->3->0->0->1,Tags->0->0->10->3->0->0->2,Tags->0->0->10->4->0->0->1,Tags->0->0->10->4->0->0->2,Tags->0->0->12->0->0->0->1,Tags->0->0->12->1->0->0->1,Tags->0->0->12->2->0->0->1,Tags->0->0->12->3->0->0->1,Tags->0->0->12->4->0->0->1,Tags->0->0->12->5->0->0->1,Tags->0->0->12->5->0->0->2,Tags->0->0->12->6->0->0->1,Tags->0->0->12->6->0->0->2		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Warning		Link Annotation doesn't define the Contents attribute.		

		51		17,20,21,26,29		Tags->0->0->81->1,Tags->0->0->97->1,Tags->0->0->99->1->1,Tags->0->0->99->2->1,Tags->0->0->122->1,Tags->0->0->137->1,Tags->0->0->138->4->1,Tags->0->0->138->5->1,Tags->0->0->138->5->3		Guideline 1.1 Provide text alternatives for all non-text content		Alternative Representation for Links		Warning		Parent tag of Link annotation doesn't define the Alt attribute.		

		52		18		Tags->0->0->85		Guideline 1.3 Create content that can be presented in different ways		Summary attribute		Warning		Table doesn't define the Summary attribute.		

		53				Pages->0		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 1 does not contain footer Artifacts.		

		54				Pages->4		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 5 does not contain header Artifacts.		

		55				Pages->5		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 6 does not contain header Artifacts.		

		56				Pages->6		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 7 does not contain header Artifacts.		

		57				Pages->7		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 8 does not contain header Artifacts.		

		58				Pages->8		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 9 does not contain header Artifacts.		

		59				Pages->9		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 10 does not contain header Artifacts.		

		60				Pages->10		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 11 does not contain header Artifacts.		

		61				Pages->11		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 12 does not contain header Artifacts.		

		62				Pages->12		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 13 does not contain header Artifacts.		

		63				Pages->13		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 14 does not contain header Artifacts.		

		64				Pages->14		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 15 does not contain header Artifacts.		

		65				Pages->15		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 16 does not contain header Artifacts.		

		66				Pages->16		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 17 does not contain header Artifacts.		

		67				Pages->17		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 18 does not contain header Artifacts.		

		68				Pages->18		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 19 does not contain header Artifacts.		

		69				Pages->19		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 20 does not contain header Artifacts.		

		70				Pages->20		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 21 does not contain header Artifacts.		

		71				Pages->21		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 22 does not contain header Artifacts.		

		72				Pages->22		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 23 does not contain header Artifacts.		

		73				Pages->23		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 24 does not contain header Artifacts.		

		74				Pages->24		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 25 does not contain header Artifacts.		

		75				Pages->25		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 26 does not contain header Artifacts.		

		76				Pages->26		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 27 does not contain header Artifacts.		

		77				Pages->27		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 28 does not contain header Artifacts.		

		78				Pages->28		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 29 does not contain header Artifacts.		

		79				Pages->30		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 31 does not contain header Artifacts.		

		80				Pages->31		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 32 does not contain header Artifacts.		

		81				Pages->32		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 33 does not contain header Artifacts.		

		82				Pages->33		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 34 does not contain header Artifacts.		

		83				Pages->34		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 35 does not contain header Artifacts.		

		84				Pages->35		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 36 does not contain header Artifacts.		

		85				Pages->36		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 37 does not contain header Artifacts.		

		86				Pages->37		Guideline 3.2 Make Web pages appear and operate in predictable ways		Header/Footer pagination artifacts		Warning		Page 38 does not contain header Artifacts.		
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