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Abstract: With a randomized field trial involving 112 Kindergarten to grade 5 elementary schools (N = 9,844 third-graders), we test the effectiveness of the MORE (Model of Reading Engagement) science and social studies intervention. We examine the hypothesis that building domain and topic knowledge schemas, through thematic content literacy instruction and a personalized literacy app, could improve third-graders’ ability to comprehend science and social studies passages. The literacy app is designed to improve students’ knowledge of words related to the themes in the teacher-directed lessons and to build students’ meta-linguistic skills.  The study is implemented at scale in a southeastern US urban school district. Schools are first grouped into randomization blocks based on prior experience with the intervention, school size, and terciles of baseline reading scores and then randomly assigned to a control group which implemented science lessons and a literacy app with science content only or a treatment group which implemented science lessons and literacy app with science and social studies content and vocabulary. Students will be administered transfer measures of domain specific (science and social studies) reading comprehension, background knowledge, and reading motivation. Digital data from the literacy app will generate information on measures of behavioral engagement (total unique logins, total time on task, total activities completed) and cognitive engagement (average accuracy across all digital activities). We will conduct both confirmatory and exploratory analyses to estimate intent-to-treat impacts, meditational effects, and moderator effects. Our first confirmatory aim is to fit multi-level models nesting students within classrooms, and classrooms within schools, to generate intent-to-treat estimates of impact on transfer measures of domain specific reading comprehension. In addition, to estimate intent-to-treat estimates of impact on growth in reading, we will fit piecewise growth models across three time points to assess fall to spring growth on a vertically scaled, computer adaptive, domain general reading comprehension measure. Second, we will conduct mediational analyses to examine whether effects on reading comprehension outcomes are mediated via improvements in the vocabulary, background knowledge, reading motivation, and cognitive and behavioral engagement with a literacy application. Finally, we will examine whether treatment effects on transfer measures of reading comprehension are moderated by prior reading level (both baseline beginning of grade 3 reading), and school attendance from grade 1 to grade 3.

Intervention (Public): To read for understanding and to prepare for college, young children must acquire the domain and topic knowledge needed to read complex texts. Despite the growing literacy demands in the 21st century, fewer than 5% of US schoolchildren in the elementary grades can evaluate complex nonfiction texts with high background knowledge and vocabulary demands.  Furthermore, there are larger gaps based on family income and student ethnicity on reading comprehension outcomes rather than basic word reading skills (D’Agostino & Rodgers, 2017; Fryer & Levitt, 2006; Reardon et al., 2012).  During COVID-19, there is also increasing evidence that gaps in early grade reading comprehension tests have grown wider (Kuhfeld et al., 2021).  Importantly, recent evidence suggests that the over-emphasis on basic literacy and math skills have contributed negative effects on science and social studies texts and exacerbated achievement disparities based on students’ racial and ethnic background, as well as their socioeconomic status (Arold & Shakeel, 2021; Song et al., 2019). 

In many ways, US schools are increasingly focused on technology-based efforts to quickly personalize remediation efforts in literacy and math to help recover students' learning losses during COVID-19 (TNTP, 2021).  At the same time, many states are enacting policies designed to improve K-3 literacy through ongoing investments in instructional approaches aligned with the science of reading (Burk, 2020; Folsom et al., 2017). Thus, there is a great need to identify evidence-driven literacy interventions that integrate teacher-directed instruction with educational technology that can help build students’ vocabulary and content knowledge while simultaneously providing more targeted and personalized activities to build more foundational literacy skills.

In response to this urgent national challenge, we designed this clustered randomized controlled trial to evaluate the replicability and scalability of the Model of Reading Engagement (MORE) content literacy intervention. In essence, the MORE intervention lessons and literacy apps are designed to build students’ domain knowledge and promote engagement with thematically related vocabulary (Connor et al., 2017; Guthrie & Klauda, 2014; Romance & Vitale, 2001; Vaughn et al., 2013; Williams et al., 2016). It also provides children with digital activities through a literacy app that supports the development of meta-linguistic awareness (MA). Researchers have defined MA as a child’s ability to analyze and play with language as an object independent from its meaning (Cazden, 1974; Roth et al., 1996; Tunmer & Bowey, 1984). MA is multi-dimensional and includes phonological and morphological awareness, syntactic awareness, and the ability to resolve semantic ambiguities in figurative language, such as riddles, jokes, and puns (Cairns et al., 2004; Yuill, 1996). There is emerging experimental evidence that brief interventions focused on building MA can support improvements in elementary grade students’ reading comprehension outcomes (Zipke, 2008; Yuill, 1996, 2009). 

[bookmark: _Hlk59001611]In this study, we developed a literacy app that included games to help students build their MA as they played games to build their knowledge of domain-specific science and social studies words and appropriately challenging single syllable words. In a previous validation study, we found that student performance, as measured by accuracy on the literacy app games, predicted improvement on both domain-specific and domain-general measures of reading comprehension, controlling for student covariates such as prior reading and math skills, demographic characteristics, and school and neighborhood contexts.  These analyses found that a one standard deviation increase in accuracy predicted a 0.10 improvement in Spring formative assessments and a 0.15 increase in the North Carolina End of Grade exam. The magnitude of the association between cognitive engagement with the literacy app and student outcomes is consistent with recent meta-analyses of educational apps in literacy and math that show mean effect sizes of approximately 0.11 standard deviations on unconstrained skills like vocabulary and comprehension (Kim et al., 2020).

[bookmark: _Hlk58575089]Logic Model: The logic model in Figure 1 visually displays how the core components of the MORE content literacy intervention can lead to improvements in the hypothesized mediators and, ultimately, the transfer outcomes in reading comprehension.  We hypothesize that the largest impact of MORE will be seen on domain specific reading comprehension (DSRC) passages that include words if students acquire networks of domain specific vocabulary knowledge, topic knowledge, and reading motivation (reader self-concept and valuing of reading), as well as improvements in cognitive and behavioral engagement with literacy app activities focused on meta-linguistic awareness.  

In essence, the logic model indicates that there are direct treatment effects and that domain-specific vocabulary, background knowledge, motivation, and engagement with a literacy app are theorized to partially mediate the effects of MORE on students’ reading comprehension.
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Figure 1: Logic model for how the MORE lesson and personalized literacy app core components impact the mediator and transfer outcomes





Table 1: Implementation plan and timeline for study

The study will be implemented during the 2021-22 school year with all third graders in the study site. Below, we include a table that describes the timeline of key implementation and data collection activities.

	Implementation Timeline
	Treatment (science and social studies texts and words)
	
	Control (only science texts and words)

	November-December
(2 hours)
	To prepare teachers to implement the MORE lessons and literacy app, teachers will complete four asynchronous modules (~ 30 minutes each), including one unique module, module 4 on how to do interactive read aloud with both science and social studies texts
	Unique
	To prepare teachers to implement the MORE lessons and literacy app, teachers will complete four asynchronous modules (~ 30 minutes each), including one unique module, module 4 on how to do interactive read aloud with only science texts

	December 6-17 (1 hour)
	School-based literacy facilitator leads Grade 3 teachers to decide on structured adaptations to improve fidelity of implementation of the literacy app with science and social studies texts
	Unique
	School-based literacy facilitator leads Grade 3 teachers to decide on structured adaptations to improve fidelity of implementation of the literacy app with only science texts

	January 17-February 11
(1 hour)
	Teachers participate in professional learning to deliver 15 thematic lessons with science and social studies texts
	Unique
	Teachers participate in professional learning to deliver 15 thematic lessons with only science texts

	February 16-March 9
(30 minutes per lesson) 

Lesson 1-10
	Day 1-12 (30 minutes daily)
MORE 10 lessons on human body using thematically related science texts
	Parallel

	Day 1-12 (30 minutes daily)
MORE 10 lessons on human body using thematically related science texts

	February 16-March 9
(30 minutes) 

Lesson 13
	Interactive read aloud of Everything you need to know about frogs and other slippery creatures 
	Parallel

	Interactive read aloud of Everything you need to know about frogs and other slippery creatures 

	
	Shared reading activities include a before, during, and after activity focusing on science texts to build domain specific vocabulary networks (e.g., science vocabulary such as nervous, muscular, system, structure, robust, vertebrate; e.g., social studies vocabulary such as coordination).
	Unique
	Shared reading activities include a before, during, and after activity focusing on science texts to build code-related word reading skills and oral reading fluency (e.g., attending to phonological and orthographic information of words, practice fluent reading)

	February 16-March 9
(30 minutes) 

Lesson 14
	Shared reading activities include a before, during, and after activity focusing on science and social studies vocabulary while reading “How we WOOPED space” (the true story of Dorothy Vaughan, Katherine Johnson, Neil Armstrong, and JFK)
	Unique

	Shared reading activities include a before, during, and after activity focusing on science texts to build code-related word reading skills and oral reading fluency while reading poems about stem cells (All for one, one for all)

	February 16-March 9
 
(30 minutes) 

Lesson 15
	Shared reading activities include a before, during, and after activity focusing on science and social studies vocabulary while reading “How we WOOPED COVID-19” (the true story of Anthony Faucci, Kizmetta Cormet, and Bahby Banks)
	Unique

	Shared reading activities include a before, during, and after activity focusing on science texts to build code-related word reading skills and oral reading fluency while reading poems about stem cells (Dog smarts)

	Oct-March 18

	Students finish activities with social studies books on space and Appollo 11 (JFK, NE, KJ, Moon landing)
	Unique

	Students finish books in MORE app (Great Adaptations science poems)

	March 10-31
Domain specific reading comp.
	Domain specific measures: (1) DS vocabulary, (2) DS background knowledge, (3) DS reading motivation, (4) DS reading comprehension


	SY 21-22
Domain specific reading comp.
	Growth on DGRC: MAP total, comprehension, vocabulary: Fall (9/13-10), Winter (1/10-1/28), Spring (4/4 – 4/29)
DGRC End of Grade North Carolina Test: 5/16-6/1



Description of transfer outcomes of reading comprehension measures
1. Domain specific reading comprehension in science and social studies. Students will take a 30-item multiple choice test (with 4 options per item) that assesses their ability to read near, mid, and far transfer passages. The near transfer passage assesses science content comprehension, the mid transfer passage assesses science and social studies comprehension, and the far transfer passage assesses social studies comprehension. Previous pilot administrations of the Grade 3 science and social studies texts yielded a Cronbach’s alpha reliability of 0.86 for the total content comprehension test, and about 0.70 by passage type (0.71, 0.63, and 0.67 for near, mid, and far, respectively). 
2. Domain general reading comprehension, End of Grade (EOG) 3 reading comprehension. In addition, the 3rd graders will be eligible to take the North Carolina beginning of grade (BOG) and end of grade (EOG) exam. The North Carolina Beginning-of-Grade3 (BOG3) English Language Arts (ELA)/Reading Tests linked to the Read to Achieve Program and is aligned to the NC Standard Course of Study (NCSCS) (North Carolina Department of Instruction, 2017). Students read authentic selections comprised of literary and informational selections and then answer related questions. The North Carolina End-of-Grade Tests are designed to measure student performance on the goals, objectives, and grade-level competencies specified in the North Carolina Standard Course of Study. The BOG will be used as a pretest covariate and the EOG will be used as a posttest outcome measure. The third-grade BOG and EOG reading test includes multiple-choice items (4 options) that are scaled based on a 3-parameter IRT (item-response theory) model. Reported KR-20 reliabilities ranged from .88 to .92 (North Carolina Department of Public Instruction, 2014).
3. Growth on a domain general, vertically scaled and computer adaptive reading measure (Measure of Academic Progress, MAP).  Northwest Evaluation Association’s Measure of Academic Progress (MAP).  MAP is a computer-adaptive, early literacy assessment that uses an interval scale, called the Rasch (RIT) unit scale score, to capture student growth in reading total, reading comprehension (literary + informational), and reading vocabulary. The MAP yields a total RIT reading score and subtest RIT scores for comprehension and vocabulary. MAP comprehension includes the literature and informational strand assesses children’s understanding of both when they can read and comprehend literature, make inferences and predictions and draw conclusions, as well as analyze the structure of literacy texts and evaluate the author’s craft and purpose. There are also two corresponding categories for informational texts. The word meaning and vocabulary knowledge assess students’ ability to decode words and recognize and understand word relationships and structures. Performance on the five strands yields an overall RIT score which will be used for this analysis as a pretest covariate and posttest outcome measure.

Description of hypothesized mediators
1. Domain specific knowledge of vocabulary networks. We developed a 24-item measure to assess third-graders’ science and social studies vocabulary knowledge depth. The 24-item semantic association task assesses students’ definitional knowledge of taught science words and their ability to identify relations between the target word and other known words (Kim et al., 2020). For example, the science measure includes 7 domain specific words taught in the Grade 3 MORE science lessons (i.e., taught words): skeletal, muscular, nervous, diagnosis, structure, system, function. The task also includes 5 associated words that are not directly taught in the MORE lessons (i.e., untaught words): signal, repair, organ, fracture, sensory.  The prompt askes students to “circle all of the words that go with the word signal” and the options includes “metal, messenger, transmit, similar” Each item is scored 0 to 4, where students also get credit for not circling unrelated words. In addition, the social studies measure includes 7 domain specific words directly taught only in the treatment condition (astronaut, adventurous, ingenious, voyage, experiment, contributions, equipment) and 5 associated words that were not directly taught (instrument, control, link, commander, orbit). Cronbach alpha reliabilities were .85 for taught words and .77 for untaught words in our earlier efficacy study involving Grade 1 students (Kim et al., 2020).
2. Domain specific background knowledge. We will administer a 9-item knowledge measure to assess background knowledge of the reading passages. Cronbach alpha reliability for the pilot administration was .55.
3. Domain specific reading motivation. We will administer a 9-item reading motivation measure to assess students’ self-concept as readers, task values, and perceptions of optima challenge. Cronbach alpha reliability for the pilot administration was .62.
4. Engagement with literacy app. Behavioural engagement measures will include information on whether and when the student logged-in to the application, total time (how much time they spent engaged with the app), and total books completed (a full set of activities). Cognitive engagement will include measures of accuracy and reaction speed, i.e., the number and percentage of items students answer correctly. 

Description of fidelity of implementation of teacher lessons
1. Teacher Survey of Knowledge and Practices: Teachers will be given a post-intervention survey to assess the structured adaptations enacted during the lesson and app implementation and their knowledge and practices. The survey will specifically examine adherence to core instructional practices and content, such as the number of lessons and core components that were implemented. The posttest survey will include measures that assess teachers’ knowledge of the intervention theory of change and science of aligned practices. The posttest measure will assess (a) teachers’ knowledge of effective practices for teaching vocabulary and morphology, and (b) teachers’ perceptions of their learning about the core components of MORE.
2. Teacher Discourse During Read Alouds. Teachers’ read alouds during lessons 13, 14, and 15 will be audio-recorded in schools with prior experience with the intervention. With schools with prior experience, we will draw a random sample of 40 to 60 teachers’ (evenly divided between treatment and control groups) and use audio-recordings to assess the following dimensions of fidelity of implementation: (a) adherence to lesson scripts for the read alouds, and (b) program differentiation with respect the proportion of whole-group vs. small group and teacher-led instructional time, and the proportion of code-focused versus meaning-focused language, and (c) the quality of teacher language and discussion including the amount of extratextual talk, reinforcing connections between word meanings, and adding to networks of semantically related words. 

Prior research findings and the rationale for the research questions
On the basis of prior research on the MORE intervention, we articulate a series of confirmatory and exploratory questions. First, a previous randomized controlled study of the MORE thematic lessons in science demonstrated a positive impact on first-graders’ domain general reading comprehension (Kim et al., 2021a), second-graders’ growth in domain general reading comprehension (Kim et al., Under Review), and second- and third-graders’ domain specific reading comprehension in science (Kim et al., Under Review; Kim et al., 2020).  A more recent unpublished study involving an online Grade 3 science intervention found improvement on several hypothesized mediators, including measures of domain specific background knowledge (science topics), domain specific reading motivation (reader self-concept), and engagement with a literacy app (behavioral engagement: total time, total activities). 

Second, a conceptual replication study found initial evidence that improvement on domain specific argumentative writing outcomes were partially mediated via improvements in first- and second-graders’ domain specific knowledge of vocabulary networks (Kim et al., 2021b). 

Third, we examine initial aptitude by treatment interactions to examine heterogeneity in the impact of the intervention on transfer outcomes. Given the disruptions to in-person schooling, we also examine whether treatment effects are moderated by student attendance. Furthermore, given that 80 schools are new to the intervention, we examine moderation based on prior experience.

The fidelity of implementation questions are designed to probe variation in engagement with the literacy app associated with student, classroom, and school characteristics.

Thus, we aim to confirm previous evidence of impact on both transfer measures of domain general and domain specific reading comprehension and the hypothesized mediators. We also explore whether the hypothesized mediators are the mechanisms through which the intervention improves transfer outcomes of reading and student and school moderators of impact. And we explore predictors of fidelity of implementation of the literacy app in a scale-up study.

We will address the following confirmatory and exploratory research questions:
 
Confirmatory research questions: Intent-to-treat analyses
Transfer outcomes 
To what extent does the opportunity to participate in thematic content literacy lessons with a personalized literacy app designed to build meta-linguistic awareness improve: 
1. third-graders’ domain-specific reading comprehension in science and social studies?
2. domain general reading comprehension on an End-of-Grade reading comprehension test?
3. third-graders’ growth in domain general reading comprehension on a vertically scaled and computer adaptive reading assessment (MAP reading)?

Hypothesized mediators
Is the opportunity to participate in thematic content literacy lessons with a personalized literacy app designed to build meta-linguistic awareness explained by: 
1. third-graders’ domain specific knowledge of vocabulary networks?
2. [bookmark: _Hlk84320357]third-graders’ domain specific background knowledge?
3. third-graders’ domain specific reading motivation? 
4. third-graders’ (a) cognitive engagement (accuracy), and (b) behavioral engagement (total logins, total time, total books completed)? 

Exploratory research questions: Mediational and moderation analyses 
1. To what extent does the opportunity to participate in thematic content literacy lessons with a personalized literacy app designed to build meta-linguistic awareness indirectly improve third-graders’ domain-specific reading comprehension via improvements in the hypothesized mediators (i.e., domain specific vocabulary networks, background knowledge, reading motivation, and behavioral and cognitive engagement)?  
2. To what extent are the intent-to-treat effects on the transfer outcomes of reading comprehension moderated by students’ baseline reading performance (beginning of Grade 3) and reading growth (from fall Grade 1 SY 19-20 to beginning of Grade 3 MAP?
3. To what extent are the intent-to-treat effects on the transfer outcomes of reading comprehension moderated by a student’s school attendance (total days attending school in person, and virtual) from fall Grade 1 SY 19-20 to fall Grade 3 in SY 21-22?
4. To what extent does a school’s prior experience with the intervention moderate impact on student reading comprehension outcomes and mediators?
5. How do these effects vary by quantile (i.e., the 25th percentile) of the marginal distribution?



Exploratory research questions: Fidelity of implementation of lessons and literacy app 
1. Whether and when do students first use the literacy app and how is logins and their timing associated with student and classroom characteristics, school characteristics (i.e., treatment condition, prior experience with the intervention, size, terciles of achievement)? 
2. Do schools new to the intervention (N = 82) and schools with prior experience with the intervention (N = 30) differ on the measures of engagement with the literacy app?
3. Do teachers implement the core components of the MORE Lessons and are there treatment-control differences on adherence, program differentiation, and the quality of teacher discourse?

Experimental Design 
Researchers at the READS Lab at the Harvard Graduate School of Education will conduct a cluster randomized controlled trial. We stratified at the school level by prior experience with MORE lessons, student 3rd grade enrollment, and Fall achievement on the North Carolina Beginning of Grade (NC BOG) assessment in reading. For schools that had prior experience with MORE, there are five schools in each block, while for schools with no prior experience with MORE there are fourteen schools in each block. The treatment is clustered at the school-level. Next, we randomly assign whether the schools will receive treatment within each block. For blocks with an odd number of schools we randomize whether the first school is treatment or control.
 
Experimental Design Details  
Baseline tests on the NC BOG reading scores and demographic comparisons revealed no statistically significant differences. We ran multilevel models nesting students in classrooms and classrooms in schools with fixed effects for randomization block or and show p-values greater than .05. The scaled score differences on the NC BOG were 0.03 standard deviations (p > .05) comparing the science and social studies content to science content alone on an education app and an additional lesson. We find no demographic differences.
 
Randomization Method: Randomization was conducted in an office by a computer and implemented using STATA code. 
 
Randomization Unit: The unit of randomization is the school, blocked by prior experience with MORE, 3rd grade enrollment size, and performance on the NC BOG during the 2021-22 school year.    
 
Was the treatment clustered?: Yes 
 
Planned number of clusters = 112 school clusters  
 
Planned Number of Obs: All students in the district will participate in the intervention. As of September, there were 9,844 3rd grade students enrolled in the district. We anticipate that 5% of the students will exit the district prior to the end of year assessment yielding a sample of 9,350.
 
Sample size (or number of clusters) by treatment arms  
· 56 Schools with 4,890 students in the Science-only MORE 
· 56 Schools with 4,954 students in the Science and Social Studies MORE
 
Minimum detectable effect size for primary outcomes (accounting for sample design and clustering) We estimate our power using prior data on interventions within our site.  To estimate the 80% power, we simulate randomizations within our data.  For each randomization, we run regression on the simulated treatment assignments and construct the sampling distribution of the treatment estimates for each draw.  We then use the sampling distribution to calculate the minimum detectable effect for iteration.  From the 1,000 iterations, we construct a distribution of MDES and identify the 80th percentile of minimum detectable effects. Based upon these results, the minimum detectable effect for MAP is 0.13 standard deviations, for our vocabulary depth measure is 0.12 standard deviations, and for the domain specific reading comprehension is 0.13 standard deviations.   
  
IRB Name: Harvard University-Area Committee on the Use of Human Subjects 
 
IRB Approval Date: August 3, 2018 
 
IRB Protocol Number: IRB18-1094 
 
Analysis Plan   

To address our confirmatory research questions involving the reading comprehension outcomes, we explore both student- and teacher-level outcomes. We specify a three-level hierarchical linear model (HLM) with students at level 1, teachers at level 2, and schools at level 3. The model was specified using Raudenbush and Byrk (2002) nomenclature as follows:
 
Level 1 (student level) 
 		
Where   is the outcome for student i in teacher j’s class in school k, is the average outcome of students i,   is the effect of pretest score on the student outcome. We use fall 2021 beginning of year Grade 3 MAP reading comprehension and math or fall Beginning of Grade 3 BOG scores depending on the outcome (i,e., Fall 2021 MAP pretest for spring 2021 Grade 3 MAP reading comprehension, Grade 3 BOG for spring end of Grade 3 EOG reading scores, respectively),  is a vector of student-level covariates-gender, race/ethnicity (i.e., Black, Hispanic, and other), English-language learner status, special education status, and a measure of neighborhood poverty to improve the precision is a random error associated with student i, and  

	Level 2 (teacher level)

	
 	
	

		

	Where   are the level 2 intercepts and   are a random error associated with the classroom with mean 0 and normally distributed.

	Level 3 (school-level)
	
	
	
Where  is the adjusted average student outcome in science-only MORE lessons, is a set of 11 dummy indicators for the 12 assignment blocks in the sample and  is the block fixed effects,  is a dummy indicator for the treatment status (coded 1 if the school is in the treatment group and 0 otherwise) and  is the adjusted difference in student outcomes between the intervention school and the science-only schools,   is a random error associated with school k.

For teacher-level we run similar two-level HLM models with teachers (Level 1) nested within schools (Level 2).  We collect a limited number of baseline teacher characteristics, such as teaching experience, prior experience with the MORE curriculum, and whether they are nationally board certified.
 
Because we present multiple outcomes in each domain, we also test our confirmatory results to the sensitivity of false discoveries, using the Benjamini-Hochberg procedure with a false discovery rate (FDR) set to 0.05 (Benjamini & Hochberg, 1995) by outcome domain.

We anticipate that the treatment effect will not be constant for all students. In addition to subgroup analyses described in further detail below, we will also estimate quantile treatment effect, that is, the impact of the treatment on the quantiles of the marginal distributions. For example, comparing the difference of the median test score of the student in the science and social studies condition compared to the median test score in the science-only condition. These methods are commonly used for continuous outcomes (see, for example, Angrist and Pischke, 2009). 
We also plan to explore three exploratory subgroup effects for our analysis. First, prior work on the in-person version of MORE indicated that students with lower baseline test scores experience greater gains in reading comprehension when compared to a control group (Kim et al., 2020).  Thus, we explore the effect of prior test scores in our analyses.

Second, in the context of COVID-19 some students within our local education agency opted to be fully remote, where they will not attend classes in-person and will only be online. Other students will have missed school days because of COVID over the last two years.  Thus, the attendance at school overall as well as the proportion that has been virtual or in-person could influence the effect of science-only and science and social studies MORE curriculum. 
  
Finally, 30 of the teachers had prior experience with in-person MORE because the third-grade teacher taught the curriculum in the prior years. While completed descriptive, we predict that prior experience with MORE would improve the effects and we test this hypothesis with more experienced MORE schools. 

As an additional exploratory analysis, we specified a three-level model three time period piece-wise growth model (Singer & Willett, 2003) to examine whether the implementation of the providing science and social studies activities and lessons compared with only science content improved growth in students’ domain-general reading comprehension (measured by MAP reading total, MAP reading vocabulary, and MAP reading comprehension. We specified he following conditional growth model:

Level 1(within child): 	Ytjk = π0jk + π1jkTIME_G3Fallt + π2jkTIME_G3Springt + εtjk

Level 2 (within school): 	π0jk = γ00k + γ01kPRETESTjp +  + ζ0jk  + ζ1jk LINEAR_TIME
π1jk = γ10k
π2jk = γ20k
Level 3 (between school):	γ00k = b000 + b001MOREk +  BLOCKkw + n00k 
				γ01k = b010 				
				γ0qk = b0q0 				
				γ10k = b100 + b101MOREk 


The composite model is written as follows:

Ytjk = b000 + b100TIME_G3Fallt + b101TIME_G3Springt + b001MOREk + b102(TIME_G1SPRINGt MOREk) + b103(TIME_G2FALLt MOREk) + b010PRETESTj +  + BLOCKkw + εtjk + ζ0jk + n00k + ζ 1jkLINEAR_TIMEj
εtjk ~ N (0, ),  ~ N , n00k ~ N (0, )

where Ytjk represents the domain-general reading comprehension or vocabulary score at time t for student j in school k. The parameter b000 represents the mean initial status for control students. The parameters b000, b100, and b101 represent the intercept and growth rate of the control group during spring Grade 1 and during summer Grade 2, respectively. The parameters b001 represents the treatment-control differences (0 = control; 1 = treatment) at the intercept, the parameter b102 represents the treatment-control difference at spring Grade 1, and the parameter b103 represents the treatment-control difference at fall Grade 2, respectively. TIME_G1SPRING is the occasion of measurement coded as 2.5 = April of Grade 1 and TIME_G2 Fall is the occasion of measurement coded as 8 = September of Grade 2. The parameters b010, b0q0, and b00w represent the effects of the MAP mathematics pretest score (PRETEST), student-level demographic covariates (COV; q = 3, …, 14), and dummy-coded randomization blocks (BLOCK; w = 2, …, 8), respectively. The model also includes level-1, -2, and -3 random effects for the intercept, εtjk, ζ0jk, and n00k, respectively, and a level-2 random effect for rate of change, ζ1jk, assumed to be normally distributed with mean 0 and uncorrelated with the predictors. 
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