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Abstract  

Scaling up evidence-based educational interventions presents challenges, particularly in adapting 

to new contexts while maintaining fidelity. Structured adaptations that integrate the strengths of 

experimental science (high fidelity) and improvement science (high adaptation) represent a novel 

design framework for supporting the equitable implementation of research-based practices and 

programs. This preregistered study examined the effectiveness of structured adaptations to a Tier 

1 content literacy intervention on Grade 3 students’ (N = 1,914) engagement in asynchronous 

digital app and print-based reading activities, the quality of synchronous student-teacher 

interactions during the Zoom-delivered lessons, and student learning outcomes during the 

COVID-19 school closures. Using a cluster randomized trial design, 95 teachers and their 

students in 26 elementary schools were randomly assigned to either a high-fidelity core treatment 

or a structured adaptation condition. In the latter, teachers participated in Team-Based Learning 

activities that tightly coupled knowledge acquisition and application, with a focus on improving 

student engagement. Students in the adaptations condition outperformed students in the core 

treatment condition on science reading comprehension (ES = .07) and science background 

knowledge (ES = .09). Implementation analyses of the synchronous lessons indicate that the 

structured adaptations also improved norms of social interaction between students and teachers, 

resulting in stronger engagement, better feedback, and dialogic questioning. These findings 

suggest the importance of intentionally building in opportunities for teachers to adapt instruction 

within a clear framework. When teachers have support to work together and combine research-

based strategies with classroom knowledge, they can more effectively engage students and 

improve learning outcomes. 
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Asset-Based Implementation of Structured Adaptations in an Online Third-Grade Content 

Literacy Intervention 

Efforts to bring evidence-based literacy interventions into everyday classrooms have long 

faced a set of practical and conceptual challenges (Dede, 2006; McDonald et al., 2006; Stein et 

al., 2008). Although many of these programs yield strong results in controlled studies, their 

effects tend to be less predictable when implemented across diverse school settings (J. Kim, 

2019). The gap between research and practice is not merely a matter of implementation fidelity 

but reflects real tensions between idealized program conditions and the variability of classroom 

life (Joyce & Cartwright, 2020). Thus, scaling is not only a technical challenge but also a matter 

of educational equity, particularly when instructional models assume standard conditions and 

narrowly define fidelity in ways that constrain teacher responsiveness to students’ needs 

(O’Donnell, 2008). Addressing this challenge requires implementation designs that preserve the 

conceptual integrity of research-based instruction while also enabling instructional decisions that 

reflect local priorities and classroom-level variability. 

Educational equity has been conceptualized in varied ways across research and policy, 

reflecting different assumptions about fairness, opportunity, and learning (Levinson et al., 2022). 

In this study, we define equity as the intentional design of instructional opportunities that address 

structural and instructional barriers, enabling teachers to make principled adaptations responsive 

to students’ cultural, linguistic, and contextual assets (Gay, 2018; Ladson-Billings, 2014). This 

framing recognizes that equitable outcomes depend on when teachers can exercise professional 

judgment in a coherent instructional model. By treating student variability as an asset rather than 

a constraint, this conception of equity informed our hypothesis that teachers empowered to adapt 
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instruction systematically would be better positioned to foster students’ engagement and 

learning. 

While equity-oriented instruction calls for contextual responsiveness, fidelity has, 

historically, been prioritized as the primary mechanism for scaling, with effectiveness tied to 

strict adherence to standardized protocols (Dane & Schneider, 1998; Dusenbury et al., 2003; 

Kaderavek & Justice, 2010). Fidelity-driven approaches often rest on the assumption that if 

teachers closely follow a program’s prescribed steps, outcomes will follow. But this logic rarely 

holds up in classrooms with varied student needs, shifting priorities, and instructional constraints 

(Cobb et al., 2003; Quinn & J. Kim, 2017). In contrast, adaptation offers a more responsive 

stance, allowing teachers to adjust interventions based on the realities of their settings (Datnow 

& Castellano, 2000; Parsons et al., 2018). Research in improvement science highlights the role of 

adaptation in fostering teacher agency and ownership, both of which are essential for 

sustainability (Lewis, 2015). Still, when adaptations are made without clear guidance or 

boundaries, they risk fragmenting the intervention and undermining its core logic. Building on 

prior research on teacher adaptations to curricula (e.g., Brown, 2009; J. Kim et al., 2017; Vaughn 

et al., 2020), this study examines how implementation models can structure teacher agency in 

ways that maintain program coherence while allowing for responsiveness to local context. 

One approach to designing this balance is through structured adaptations, a design 

framework that supports teacher decision-making within defined instructional boundaries (J. 

Kim & Mosher, 2023). This framework positions teachers to exercise professional judgment in 

making deliberate adaptations, maintaining intervention fidelity while deepening both teacher 

and student engagement to strengthen learning outcomes. Structured adaptations are not intended 

to resolve the tension between fidelity and adaptation; instead, they reframe it. The central 
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question becomes how teachers interpret and enact core instructional principles in ways that are 

responsive to their instructional context (Cohen et al., 2025; Quinn & J. Kim, 2017). While 

researchers may offer conceptual guidance and tools, teachers determine how instruction 

unfolds, adjusting pacing, scaffolds, and routines to support participation and achieve learning 

goals (J. Kim & Mosher, 2023). Fidelity, in this sense, is understood as alignment with the 

conceptual aims of the intervention rather than adherence to fixed procedures. Teachers apply 

their pedagogical content knowledge (Shulman, 1986) and contextual expertise to modify 

delivery while preserving the integrity of the intervention. These adjustments support 

accessibility and relevance for their students (Bryk et al., 2015; Durlak & DuPre, 2008). 

Structured adaptations reflect a design stance that positions teacher agency as essential to the 

implementation of research-based instruction across varied contexts. 

Building on this framework, this study examined the impact of structured adaptations to a 

content literacy intervention for third-grade students during the 2020-2021 school year. To 

accommodate pandemic-related constraints, the original randomized controlled trial (RCT) 

design was modified to eliminate the traditional control group, such that all participating students 

received the core treatment. Replicating the procedures and content from prior studies (e.g., J. 

Kim et al., 2017; Quinn & J. Kim, 2017), 95 classrooms were randomly assigned to one of two 

conditions. In the Core Treatment condition, teachers implemented the content literacy 

intervention, called Model of Reading Engagement (MORE), while in the Adaptive Treatment 

condition, teachers implemented the Core Treatment components with support to make 

structured adaptations tailored to their classroom contexts. Conceptually replicating prior 

research J. Kim et al. (2017) in a fully digital context, this study explores how structured 
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adaptations influenced student engagement and achievement outcomes, offering critical insights 

for scaling interventions in diverse educational settings. 

Structured Adaptation as an Asset-Based Implementation Design 

Fidelity and adaptation inevitably coexist in efforts to bridge education research and 

classroom practice (Century & Cassata, 2016; Hill & Erickson, 2019). The critical question, 

then, is not whether to prioritize one over the other but how implementation designs can create 

conditions that support principled decision-making while preserving the integrity of core 

instructional goals. Asset-based pedagogy speaks directly to this challenge by centering the 

cultural, experiential, and professional assets that both students and teachers bring to learning 

environments (López, 2024). It recognizes their local knowledge, professional judgment, and 

contextual awareness as essential to high-quality implementation (Gabriel & López, 2024). As 

López (2024) argues, asset-based pedagogy invites us to see variation not as a threat to 

consistency but as a resource to leverage for responsive teaching. Yet much of the current 

science of reading discourse continues to reflect an instrumental model of knowledge use, 

framing research as a set of prescriptions to be transferred into practice, with little attention to 

how local adaptation mediates implementation (Hattan & Kendeou, 2024). 

The Reading First initiative, the “academic cornerstone” of the No Child Left Behind Act 

(2008), illustrates the limitations of this transfer model. Intended to translate the National 

Reading Panel (2000) meta-analytic findings into prescriptive definitions of scientifically based 

reading practices, Reading First prioritized fidelity as a central mechanism of reform. However, 

large-scale evaluations revealed that adaptation inevitably occurred, resulting in substantial 

variation in how practices were implemented across classrooms (Correnti & Rowan, 2007; 

Gamse et al., 2008). Ethnographic studies further demonstrated that adaptations were not merely 
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deviations but often reflected teachers’ efforts to reconcile externally mandated practices with 

their students’ needs and instructional contexts (Coburn & Woulfin, 2012). Some coaches 

cultivated autonomy-supportive environments that enabled teachers to integrate core principles 

meaningfully, while others enforced compliance-driven environments that constrained teacher 

agency and instructional responsiveness (Gallucci, 2008). The uneven implementation of 

Reading First suggests that fidelity, absent attention to the relational and contextual dimensions 

of practice, is insufficient to achieve sustained instructional improvement. This history 

underscores the need for implementation designs that deliberately support structured adaptation 

rather than treating it as an undesirable byproduct. Structured adaptation, when grounded in 

asset-based principles, acknowledges the variability of instructional contexts and positions 

teachers as professional actors capable of interpreting and enacting core practices (Honig, 2006). 

Research on autonomy-supportive environments shows that contexts fostering agency, 

ownership, and professional discretion enhance psychological well-being, prosocial engagement, 

and sustained motivation (e.g., Collie & Martin, 2017; Reeve et al., 2020). In literacy 

intervention contexts, autonomy-supportive designs help teachers internalize the conceptual 

foundations of interventions, make principled instructional decisions, and develop adaptive 

expertise necessary for long-term reform (Parsons et al., 2018). 

         Ideally, developing adaptive expertise requires autonomy-supportive environments that 

cultivate both routine expertise—the consistent, high-quality enactment of research-based 

practices—and adaptive expertise, characterized by flexible, principle-driven reasoning (Mehta 

& Fine, 2019). As Coburn (2003) argues, external reforms depend not on superficial compliance 

but on achieving depth by penetrating classrooms, shifting norms of social interaction, and 

deepening teachers’ understanding of foundational principles. Adaptive expertise requires not 
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only the ability to execute prescribed practices but the professional judgment to discern why 

practices matter, under what conditions they are effective, and how they can be responsibly 

adapted without introducing lethal mutations (Datnow & Castellano, 2020). Cultivating this 

capacity demands implementation designs grounded in program-agnostic principles: transferable 

frameworks that support teachers in making contextually responsive decisions while maintaining 

coherence with core instructional aims. In this framework, structured adaptations are not an 

afterthought or a deviation, but an intentional, asset-based design stance that honors professional 

reasoning, local knowledge, and sustained engagement with research-based literacy practices. 

Viewing Structured Adaptations Through the Lens of Self-Determination Theory 

 Drawing on self-determination theory (SDT; Deci & Ryan, 1985, 2000), we 

conceptualize structured adaptations as a motivational design intended to cultivate both the skill 

and will teachers need to co-construct usable knowledge and engage in principled, context-

responsive literacy instruction (J. Kim & Mosher, 2023). Skill refers to the capacity to enact and 

adapt research-based practices effectively; will refers to the internal motivation to take ownership 

of instructional improvement over time. 

 Structured adaptations underscore the idea that teachers need both general research 

knowledge and situated local knowledge to make interventions “work reliably over diverse 

contexts and populations” (Bryk, 2015, p. 469). Accordingly, the concept of structured 

adaptations calls for broadening the discourse from a narrow focus on the science of reading to 

the broader science of teaching reading well, particularly for students from varied economic, 

racial, linguistic, and ability backgrounds (Hattan & Kendeou, 2024; Y.-S. Kim & Snow, 2024). 

Structured adaptations bridge the known (general research-based knowledge) and the new 
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(contextualized teacher knowledge generated through principled adaptation) in service of 

equitable literacy instruction that honors the learning of all students. 

 Viewed through the lens of SDT, structured adaptations are also intended to foster the 

motivational conditions necessary for teachers to persist, adapt, and sustain instructional 

improvement over time. SDT posits that individuals have three innate psychological needs—

autonomy, competence, and relatedness—that must be satisfied for internalization and sustained 

engagement to occur (Deci & Ryan, 2000; Niemiec & Ryan, 2009). When these needs are 

neglected, teachers may comply superficially with externally mandated reforms without true 

ownership or lasting change. Consistent with SDT, we view teachers not as passive 

implementers but as active participants whose professional motivation can be cultivated or 

undermined by the design of implementation supports (Bryk et al., 2015; Kennedy, 2016). 

 The present intervention was designed not simply to deliver instructional content but to 

structure the motivational environment in which new practices are learned and enacted. Each 

core component was deliberately aligned with one of SDT psychological needs: structured 

adaptations fostered autonomy through bounded opportunities for professional judgment; the 

MORE curriculum provided affordances for competence with clear pedagogical structures and 

supports; and Team-Based Learning (TBL) created conditions for relatedness that promoted 

shared purpose and mutual accountability. This design logic positioned teachers not as passive 

implementers but as active participants in shaping instruction within systems that respect their 

professional agency, cultivate instructional efficacy, and sustain collegial connections. 

Autonomy: Structured Adaptations as Bounded Professional Agency 

 In SDT, autonomy is defined as the experience of volition and psychological ownership 

over one’s actions, not simply the presence of choice but the alignment of action with personal 
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values and professional identity (Deci & Ryan, 2000; Ryan & Deci, 2020). Autonomy-

supportive environments foster this alignment by offering choices within defined boundaries that 

respect individuals’ expertise and goals (Su & Reeve, 2011). In contrast, implementation models 

that prioritize procedural fidelity often compromise this need, positioning teachers as passive 

implementers and minimizing space for professional judgment (Coburn, 2003; Spillane et al., 

2002). The structured adaptation framework developed in this study was designed to support 

autonomy by embedding guided decision-making opportunities within a coherent, bounded 

instructional design (J. Kim & Mosher, 2023; Maniates, 2017). These opportunities preserved the 

theoretical integrity of the intervention, allowing principled variation in response to local 

classroom conditions. 

 In this study, teachers exercised agentive judgment through purposeful modifications, 

adjusting pacing, adapting interaction structures, and introducing scaffolds intended to support 

student access and engagement in remote learning. These decisions were not deviations from the 

intervention logic but local adaptations and enactments of disciplined inquiry in practice 

(Shulman, 1981). The structured adaptation framework treated teacher autonomy not as a 

liability to manage but as a fundamental psychological need essential to internalizing 

instructional practices and sustaining professional engagement (Deci & Ryan, 1994; Reeve et al., 

2020). Within clearly defined instructional parameters, teachers were able to exercise agency in 

ways that reinforced their sense of competence and sustained motivation throughout 

implementation. 

Competence: Curriculum Design to Support Instructional Agency 

 Instructional change is unlikely to take root unless teachers experience themselves as 

effective in navigating and enacting its demands (Cohen & Ball, 2001). In SDT, this sense of 
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competence is not defined as task completion but as the perception of effectiveness in meeting 

personal or professional goals in structured environments (Deci & Ryan, 2000). Competence is 

fostered when individuals engage with systems that provide clear expectations, optimal 

challenges, and aligned tools for meaningful success (Connell & Wellborn, 1991; Niemiec & 

Ryan, 2009). 

 The MORE curriculum was deliberately designed as an instructional infrastructure to 

cultivate this condition. It offered a coherent pedagogical architecture, specifying pedagogical 

goals, sequencing cognitively demanding tasks, and embedding routines to support the 

enactment of content-rich literacy instruction (J. Kim, Burkhauser, et al., 2021; J. Kim, Relyea, 

et al., 2021; Mosher et al., 2024). Curriculum components, including conceptually coherent text 

sets in thematic units, interactive read-alouds, structured vocabulary routines, and guided 

discussions, established conceptual continuity and instructional coherence, enabling teachers to 

enact evidence-based literacy instruction with greater clarity and confidence.  

 Additionally, implementation tools such as trifolds and a digital app supported 

synchronous learning by reducing the cognitive and logistical demands of lesson preparation 

without diminishing rigor. These home-based learning resources externalized key instructional 

elements (e.g., texts, tasks, and scaffolds), which freed teachers to focus on student interaction 

and moment-to moment instructional decisions during live sessions. This design aimed to make 

the demands of content-rich literacy instruction more manageable in remote contexts, reinforcing 

teachers’ sense of instructional efficacy. Instructional systems that support competence need to 

provide structure, aligning with the professional goals that teachers value (Ahmadi et al., 2023). 

When teachers perceive instructional demands as feasible and professionally worthwhile, they 
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are more likely to engage deeply, persist through challenges, adapt instruction, and integrate 

complex, research-informed practices into daily teaching (Kennedy, 2016; Ryan & Deci, 2020). 

Relatedness: Team-Based Learning as a Social Ecology for Professional Belonging 

 The construct of relatedness in SDT emphasizes that individuals internalize new practices 

more fully when they experience meaningful connection through relationships grounded in 

mutual respect, shared goals, and psychological trust (Ryan & Deci, 2020). In professional 

learning, this need is essential to how teachers come to see themselves as contributors to, rather 

than consumers of, instructional knowledge. The MORE intervention was designed to cultivate 

this condition by embedding TBL (Michaelsen & Sweet, 2011) as the core structure for 

collaboration. TBL did not function as an add-on to professional development; rather, it operated 

as a social ecology that organized professional relationships to support shared inquiry, context-

sensitive adaptation, and collective instructional decision-making (Hord, 1997; Michaelsen & 

Sweet, 2011). 

 The collaborative architecture of TBL was enacted through intentionally sequenced 

routines that positioned teachers as instructional reasoners working in community with peers. 

Teachers participated in the Readiness Assurance Test—first individually (iRAT) and then in 

teams (tRAT)—to unpack the conceptual foundations of the MORE intervention and clarify its 

design logic (Roossien et al., 2023). These activities were not used to enforce compliance but to 

initiate inquiry, elicit uncertainty, and support adaptations grounded in local instructional 

contexts (Swanson et al., 2019). This participatory model aligns with asset-based pedagogies that 

view teachers’ local knowledge as central to instructional improvement (López, 2024). It affirms 

professional agency as essential to decision-making and empowers teachers to integrate their 

professional and contextual expertise into research-based instruction in ways responsive to 
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varied classroom demands (J. Kim & Mosher, 2023; Martinez et al., 2024). Through TBL, 

relatedness became instrumental rather than incidental: teachers held each other accountable, 

their classroom expertise mattered, and they collectively owned instructional improvement. 

These dynamics became especially salient during the COVID-19 pandemic when professional 

isolation and instability intensified the need for collegial structures that provided clarity and 

connection. 

 The function of relatedness in this intervention extended beyond collegial support to 

address the epistemic authority shaping how instructional reforms are understood and enacted 

(Bridwell-Mitchell, 2015). TBL created space for collaboration and redefined whose knowledge 

counts in the design of instructional practice. In contrast to top-down models that treat fidelity as 

compliance and position teachers as implementers of externally developed programs, the TBL 

structure affirmed their role as instructional agents whose situated expertise was critical to 

adaptation and design (Butler & Schnellert, 2012). Structured collaboration enabled teachers to 

examine the conceptual foundations of the intervention, clarify its pedagogical aims, and adjust 

implementation to align with local conditions while maintaining coherence with core principles 

(Cohen et al., 2025). Adaptation was framed not as deviation but as a form of instructional 

reasoning and ownership grounded in professional judgment (Parsons et al., 2018). In this 

design, relatedness served as an interpersonal affordance and a structured condition, enabling 

shared responsibility, pedagogical agency, and sustained engagement in the work of research-

informed instructional improvement.  

Why Structured Adaptations Matter to Content Literacy Instruction 

Content literacy instruction involves building conceptual schema—mental frameworks 

that support the integration of new information with prior knowledge to promote comprehension 
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and transfer (Anderson & Pearson, 1984; Kintsch & van Dijk, 1978). This process becomes 

crucial when students engage with informational texts in science, which often include abstract 

systems, discipline-specific language, and unfamiliar structures that require inferential reasoning 

(Martin & Duke, 2010). Learning from these texts depends on instructional supports that 

organize conceptual demands and make disciplinary thinking accessible through explicit 

language-based routines. 

Empirical research has demonstrated the promise of content-integrated literacy 

instruction to improve students’ language, reading comprehension, and engagement, especially 

when implemented through coherent, conceptually focused units (e.g., Cabell et al., 2025; 

Guthrie et al., 2007; J. Kim, Relyea et al., 2021; Mosher et al., 2024; Relyea et al., 2024; see 

review by Hwang et al., 2022). Yet, translating these benefits into equitable outcomes across 

varied instructional contexts requires more than strong curriculum materials. Teachers need tools 

and support to implement instruction in ways that account for variability in student engagement, 

classroom conditions, and available instructional time (Coburn, 2003; Durlak & DuPre, 2008). 

Structured adaptations address this need by guiding how instructional routines can be adjusted 

while maintaining alignment with core learning goals. 

In this study, adaptation was designed as a bounded process, guided by team-based 

professional learning and supported through shared curricular materials. Teachers implemented 

the same science curriculum using pacing guides and lesson components. Within this structure, 

they made adjustments to support student engagement across asynchronous and synchronous 

modalities. In asynchronous contexts, where student motivation was more challenging to sustain, 

teachers integrated the literacy app and trifold into instructional routines by modeling their use 

during live sessions, monitored student progress, and incorporated student reflections into class 
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discussion. These routines made student progress visible, promoted accountability, and created a 

sense of accomplishment that supported continued participation (Krechevsky et al., 2013). The 

app and trifold functioned as interactive instructional components used to deepen conceptual 

understanding while keeping students engaged.   

In synchronous instruction, teachers in the Adaptive Treatment condition exercised 

guided autonomy to expand core lessons to support schema development around abstract 

scientific systems, such as the interdependence of organs and functions in the human body. 

These adaptations included student presentations, vocabulary games, and sentence-level 

activities (e.g., “Mad Libs” formats) that provided repeated, varied opportunities to work with 

disciplinary language (Snow & Uccelli, 2009). These extensions provided students with multiple, 

accessible opportunities to process and express disciplinary content, supporting deeper 

understanding and the application of core concepts across instructional contexts (Fries et al., 

2021). 

The Current Study 

Research indicates that targeted engagement strategies enhance student motivation, build 

confidence in navigating complex material, and foster deeper connections to content (Darling-

Hammond & Cook-Harvey, 2018; Ryan & Deci, 2000). The present study examined the 

effectiveness of structured adaptations in a content literacy intervention delivered remotely 

during the COVID-19 school closures. Two treatment conditions were implemented: (a) a core 

treatment condition (Core Treatment), which replicated implementation procedures from prior 

experiments, and (b) a core treatment plus structured adaptations condition (Adaptive 

Treatment), where teachers were given opportunities to modify and extend program activities to 

support student engagement in both asynchronous and synchronous learning contexts. In the 
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Adaptive Treatment condition, teachers were encouraged to apply their professional judgment 

and insights to instructional delivery while maintaining fidelity to core intervention principles. 

They also participated in TBL sessions, designed to foster collaboration and the co-construction 

of knowledge to increase the relevance and effectiveness of the intervention. The core 

components of the intervention in both conditions included asynchronous reading activities using 

a digital app and print-based text reading, as well as Zoom-delivered synchronous lessons led by 

classroom teachers.  

This study makes a unique contribution to the literature by investigating the causal 

impact of structured adaptations during the COVID-19 pandemic on third graders’ engagement 

and learning outcomes. We addressed three research questions (RQs):  

• RQ1: Compared to Core Treatment, what are the effects of Adaptive Treatment on 

student engagement in asynchronous digital app and print-based reading activities, as 

well as synchronous curriculum activities?   

• RQ2: Compared to Core Treatment, what are the effects of Adaptive Treatment on 

students’ science vocabulary knowledge depth, science background knowledge, science 

content reading comprehension, and domain-general reading comprehension 

outcomes? To what extent are the effects of Adaptive Treatment on student outcomes 

consistent across school sites?   

• RQ3: Compared to Core Treatment, what is the effect of Adaptive Treatment on 

teachers’ fidelity to the intervention? 

Focal outcome measures were selected to reflect the underlying theory of change guiding 

the intervention (J. Kim, Relyea, et al., 2021). Engagement was included as an indicator of the 

intervention capacity to sustain participation, which was especially critical in remote learning 
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environments. Domain-specific vocabulary knowledge was assessed as students’ ability to form 

and use networks of semantically related science words as a mechanism for schema 

development. The assessment of background knowledge captured students’ conceptual 

understanding of science content. Reading comprehension was conceptualized as a measure of 

students’ ability to transfer their vocabulary and background knowledge to make sense of science 

texts. Collectively, these outcomes provide a basis for testing whether structured adaptations 

move the needle on the core capacities that the Adaptive Treatment condition of the intervention 

aims to strengthen.   

Methods 

Study Design and Participants 

This study employed a cluster (school) RCT involving 2,247 third-grade students and 

their 95 classroom teachers from 26 elementary schools in an urban district in the southeastern 

United States. Classroom teachers, stratified by schools, were randomly assigned to either the 

Adaptive or Core Treatment condition. The consort diagram in Figure 2 illustrates the flow of the 

randomization process and attrition rates for each condition. Attrition was 13.9% in the Adaptive 

Treatment condition (n = 1,117 to 962) and 15.7% in the Core Treatment condition (n = 1,130 to 

952), resulting in a final analytic sample of 1,914 students. A chi-squared test for differential 

attrition indicated no statistically significant differences between conditions (p = .21).  

Table 1 presents student characteristics by treatment condition. The conditions were 

generally balanced across student characteristics and baseline reading test scores, with a few 

exceptions. Namely, the Adaptive Treatment group included a higher proportion of Hispanic 

students (38% vs. 29%, p < .01), a slightly greater representation of medium SES students (38% 

vs. 35%, p < .01), and fewer high SES students (22% vs. 28%, p < .001) compared to Core 
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Treatment. These minimal baseline differences support the internal validity of the study design 

and a causal interpretation of the results. This RCT is preregistered, and the replication data and 

code are accessible at the following URL: https://doi.org/10.7910/DVN/JDUIKT. 

Intervention Treatment Conditions 

Core and Adaptive Treatment 

Both Core and Adaptive Treatment teachers implemented the core components of the 

intervention. Table 2 provides an overview of how these core components—asynchronous 

learning activities using the digital app and print-based trifolds and synchronous online learning 

via Zoom—were operationalized in both Core and Adaptive Treatment conditions, along with 

the acceptable adaptations implemented by Adaptive Treatment teachers. 

Both Core and Adaptive Treatment teachers participated in researcher-led professional 

development. In January 2021, all participating teachers attended a 60-minute synchronous 

online training session led by the research team on Zoom. To maintain an interactive and 

engaging format, each session was limited to 25 participants, with multiple sessions offered to 

accommodate teachers’ availability. The session focused on the intervention’s theory of change, 

empirical evidence, curriculum framework, and detailed lesson plans. The research team 

emphasized the importance of schema-building in supporting reading comprehension in a 

content-rich curriculum, highlighting how learners integrate new information with prior 

knowledge to construct a deeper understanding from complex texts. Teachers were introduced to 

practical strategies to facilitate schema construction, enabling students to engage more 

effectively with complex texts, strengthen their conceptual understanding, and transfer their 

learning to new literacy and content-based contexts (Kintsch, 1993; McNamara et al., 1996). 



   
 

 19  
 

In addition to the synchronous training, teachers received electronic lesson materials, a 

pacing calendar, and instructional videos to familiarize themselves with the student app and 

trifold activities. Additionally, the research team provided teachers with ongoing support through 

frequent email communication and synchronous office hours to address questions and 

troubleshooting issues throughout the implementation of the intervention.  

Digital App. The research team developed the digital app to incorporate gamified 

learning experiences to support students’ language and literacy development at home. The app 

featured 15 interactive activities per science book, targeting both code- and meaning-based skills, 

with a read-aloud of the ebook option for students to follow along. These activities (see Table A1 

in Appendix A for detailed descriptions and examples) included identifying sight words and 

syllables, understanding word parts (prefixes and suffixes), spelling with morphemes, 

constructing sentences, and enhancing reading comprehension with a focus on main ideas and 

textual content. The activities were also designed to develop metalinguistic awareness through 

humor, idioms, and metaphors and enhance their ability to analyze and interpret language 

nuances and deepen their understanding of its abstract and figurative aspects. The app supported 

personalized learning by tailoring activity difficulty to align with students’ initial reading 

proficiency levels, providing an engaging and adaptive platform for developing literacy skills. 

The app activities were also made available to students’ families in both English and Spanish 

versions. 

Print-Based Books and Trifolds. All students received four print-based science books, 

each accompanied by a paper trifold. After reading each book, students were encouraged to work 

independently at home on the trifold, which featured activities to deepen their understanding of a 

key concept word (e.g., skeletal, muscular). Specifically, students completed tasks such as filling 
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in blanks in sentences and identifying semantic associations (e.g., What word is related to the 

word “skeletal”?), using the answer bank. The trifold also included three questions on 

vocabulary and reading comprehension, prompting students to reflect on and apply what they 

had learned from the book. 

Synchronous Lessons. From February to March, all teachers conducted 15 synchronous 

Zoom lessons (each lasting 30-35 minutes) over a five-week period in the human body systems 

unit. These lessons focused on building students’ conceptual understanding of the muscular, 

skeletal, and nervous systems, stem cells, and strengthening their morphological knowledge, 

vocabulary development, and reading comprehension. The lessons integrated structured activities 

to promote critical thinking and collaboration, encouraging students to engage meaningfully with 

the content. 

Each lesson began with activities aimed at setting learning goals, sparking curiosity, and 

activating prior knowledge. Teachers encouraged students to observe, make predictions, and ask 

questions about human body systems by incorporating the knowledge that students had acquired 

from the app and the trifolds activities into the class discussions. Teachers also acknowledged 

students’ efforts in preparatory tasks (e.g., app and trifolds activities), reinforcing their progress 

and motivation. A key focus of the lessons was vocabulary development, in which teachers 

guided students in analyzing target words and their morphological structures (e.g., prefixes like 

micro- or bio-). Students also explored connections between new vocabulary and broader 

scientific concepts using visual tools like concept maps. 

In small breakout groups, students applied their vocabulary knowledge and conceptual 

understanding by collaboratively annotating images and texts, synthesizing information, and 

explaining related scientific concepts. For example, students were encouraged to apply their 
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understanding of the prefix micro- when examining an image of a microscope, collaboratively 

creating descriptions. During collaborative research activities, students explored real-world 

applications of the concepts they were learning. For example, teachers introduced examples 

about astronauts in space, explaining how muscles weaken in microgravity and why exercise is 

essential to keep them strong during long missions. With their peers, students investigated 

questions like “Why are muscles important, and how can we maintain them?” Students first 

worked independently to make predictions and conduct research using science books and 

trifolds, then collaborated in groups to discuss their findings, synthesize key takeaways, and 

present their insights to the class. 

Adaptive Treatment 

Adaptive Treatment teachers additionally incorporated structured adaptations to the core 

components to enhance student engagement and learning outcomes. Table 3 shows the type and 

nature of content-based and procedural adaptations completed by teachers in the Adaptive 

Treatment group. These teachers, along with their school’s literacy facilitator, completed four 

researcher-developed online modules. This two-hour asynchronous course was designed to 

prepare them to make intentional and effective adaptations, with the primary goal of increasing 

student engagement with the app and trifolds activities. The course also sought to deepen 

teachers’ understanding of the science of reading by emphasizing explicit instruction in word 

analysis and guiding them in applying morphological awareness and vocabulary learning in the 

core curriculum. 

To further support the Adaptive Treatment group, the research team conducted a 60-

minute synchronous TBL meeting with teachers and literacy facilitators from each school. In the 

current intervention, TBL served as a collaborative platform for teachers to co-develop 
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structured adaptations with researchers and peers, grounding their decisions in the intervention’s 

theoretical foundations. Teachers participated in iRAT and tRAT activities, designed and 

facilitated by researchers, to deepen their understanding of the intervention’s purpose and 

components. For example, iRAT questions included: What problem was the intervention 

designed to help teachers address? How can the app and trifolds help students? And which of 

the following words are related to the word “diagnosis”? During the researcher-led tRAT 

sessions, teachers clarified key concepts and discussed how the app and trifolds enhance student 

learning by introducing essential vocabulary and providing repeated exposures to important 

words. Moreover, these sessions also supported collaborative planning on adapting the 

intervention to meet specific classroom needs. For instance, teachers co-developed strategies 

with their peers to foster student engagement with the app and trifolds, including modeling app 

use, creating scaffolded activities like scavenger hunts and breakout room discussions, and 

introducing methods to motivate participation. They also discussed barriers such as varying 

levels of home support by planning structured classroom time for the app and trifold activities 

and maintaining regular communication with parents. Through these sessions, teachers worked 

together to refine adaptation plans, set goals, and create monitoring strategies. This collaborative 

work enabled teachers to translate research evidence into practical approaches tailored to their 

specific classroom contexts, while maintaining alignment with intervention goals. 

Teachers first examined obstacles to student engagement, particularly students' reluctance 

to complete independent activities and scheduling constraints within the existing curriculum. The 

researchers facilitated discussions where teachers contributed their classroom expertise toward 

developing action plans. To guide this process, the research team offered specific adaptive 

strategies for increasing student interaction with the app and trifold materials: demonstrating app 
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functionality, creating opportunities for students to present their learning during synchronous 

sessions, establishing clear usage expectations, engaging families as partners, creating incentive 

structures, and using app analytics for usage monitoring. Teachers and literacy facilitators then 

selected from these options, adapting them through collaborative problem-solving to fit their 

particular school environments. 

Moreover, Adaptive Treatment teachers implemented an optional 35-minute extension 

lesson on Day 16, which was not included in the Core Treatment condition. All teachers in the 

Adaptive Treatment condition opted to implement it; thus, there was no variation in whether the 

lesson was delivered, but variation in how it was enacted, reflecting the autonomy-supportive 

structure of the Adaptive Treatment condition. This flexible approach allowed teachers to adapt 

and extend instruction based on their students’ needs, background knowledge, and instructional 

contexts. 

The extension lesson (see Appendix B) was designed to enhance students’ schema for the 

scientific concept of systems by expanding their understanding of the human body lessons and 

encouraging abstract thinking through targeted language and vocabulary development. During 

the TBL meeting, the research team provided implementation suggestions, such as using “Mad 

Libs” exercise to introduce the concept of systems, modeling scientifically accurate 

presentations, and incorporating multimedia elements to enhance engagement. Teachers and 

literacy facilitators selected and adapted the strategies from the list to align with their 

instructional goals, making the lesson accessible and engaging for their students.  

Measures 

Student Outcome Measures 
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Student Engagement. Student engagement in asynchronous learning activities with the 

digital app and print-based reading was assessed. For the digital app, engagement was measured 

across five key metrics using backend data: (a) ever access app library, which indicated whether 

students accessed the digital library containing science books and related activities; (b) the 

number of science books completed, reflecting how many books and their corresponding 

activities students finished; (c) the number of target words accessed, capturing the number of 

multisyllabic or lesson-relevant words students encountered and the frequency of their exposure 

during specific app activities; (d) total time spent on app activities, measuring the cumulative 

time students engaged with the app; and (e) overall app activity accuracy, ranging from 0 to 

100%, serving as an indicator of students’ mastery of the app content based on their performance 

in answering activity questions correctly. 

Engagement with the app activities closely aligned with the synchronous curriculum 

lessons was measured using seven metrics: (a) ever access curriculum lessons, indicating 

whether students accessed any curriculum-aligned lessons, (b) proportion of all curriculum 

lessons completed, (c) proportion of interactive read-aloud lessons completed, (d) proportion of 

word-sleuthing lessons completed, (e) accuracy on curriculum activities, reflecting students’ 

performance on curriculum-related activities, (f) accuracy on end-of-unit quizzes, indicating 

mastery of unit content, and (g) total time spent on curriculum lessons. 

Additionally, students’ motivational engagement with the app was assessed through an 

in-app self-reported survey focusing on three dimensions: (a) enjoyment of app activities, which 

was rated on a 4-point scale ranging from 1 (I didn’t like it) to 4 (I liked it a lot), capturing 

students’ enjoyment of their experience with the app; (b) self-competence beliefs, assessed on a 

3-point scale (1 = ok reader, 2 = good reader, 3 = great reader), reflecting students’ perceptions 
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of their reading abilities; and (c) perceived task difficulty, measured on a 3-point scale (1 = too 

easy, 2 = just right, 3 = too hard), indicating how challenging students found the app activities. 

Finally, engagement with print-based trifolds activities was evaluated by (a) whether any trifolds 

were returned and (b) the number of trifolds returned, indicating task participation and 

completion. 

Science Vocabulary Knowledge Depth. We used a researcher-developed semantic 

association task (Appendix C) to assess students’ science vocabulary knowledge depth at the 

conclusion of the intervention. This task measured students’ understanding of science academic 

words explicitly taught or incidentally encountered during the lesson unit and their ability to 

identify and connect semantically related words (Stahl & Fairbanks, 1986). Each item presented 

a target word (e.g., carnivore) paired with four options (e.g., fruit, care, meat, and prey), asking 

students to select two words semantically related to the target. Distractors were designed to 

include words that were either phonetically similar to the target word in their initial or final 

sounds or semantically contrasting. All questions and options were read aloud to students. Each 

item was scored as 1 for correct selections only and zero otherwise. The internal consistency 

(Cronbach’s α) was .90. 

Science Background Knowledge. Students’ background knowledge was assessed across 

three science topics: monkeys, birds, and skyscrapers. For each topic, students listened to a 

passage and three corresponding question items read aloud to them (see Appendix D). In the 

monkey topic, for instance, students answered questions such as identifying which muscles can 

be controlled or which muscles in a monkey never rest. Students responded individually, and 

their answers were scored dichotomously (1 = correct, 0 = incorrect). The internal consistency 

for the nine-item measure across all topics was .55.  
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Science Content Reading Comprehension. After the science background knowledge 

assessment was administered, science content reading comprehension was evaluated post-

intervention using a 29-item multiple-choice instrument (Appendix E) designed to measure 

students’ understanding of main ideas and concepts in science content passages. Students read 

each passage independently; neither the texts nor the questions were read aloud. The assessment 

passages were categorized along a transfer continuum—near, mid, and far—based on their 

relevance to the instructional content. Passage content varied in prior exposure, ranging from 

extensive familiarity with target vocabulary (near transfer) to no prior exposure (far transfer), as 

well as in contextual similarity to the instructional focus on human body systems. The near-

transfer passage involved scientists studying monkey heart attack recovery, and the mid-transfer 

passage described adaptations in migratory birds’ skeletal and muscular systems. The far-transfer 

passage, unrelated to previously taught vocabulary or contexts, explored the anatomy of a 

skyscraper as a nonliving system. 

Each passage included multiple-choice questions designed to assess main idea 

identification, word or phrase meaning, scientific concept understanding, and knowledge 

integration, with responses scored dichotomously. The internal consistency for the full 

assessment was .86, with subscale reliabilities for the near-, mid-, and far-transfer passages at 

.72, .63, and .68, respectively.  

Domain-General Reading Comprehension. We measured students’ domain-general 

reading comprehension using two state-standardized assessments: the Measure of Academic 

Progress (MAP) and End-of-Grade (EOG) assessments. 

MAP Reading Assessment. The MAP Reading Assessment (NWEA, 2019) was used to 

evaluate Grade 3 students’ domain-general reading comprehension. This computerized adaptive 
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test adjusts the difficulty of each question based on a student’s responses to prior items (Thum & 

Kuhfeld, 2020). The assessment consists of 43 unique items for each student and typically takes 

25-40 minutes to complete. It provides a composite score derived from four strands: narrative 

and informational text comprehension, vocabulary use and functions, foundational skills, and 

language and writing. Scores are reported on the Rasch Unit scale, calibrated using item response 

theory, to reflect students’ reading proficiency. Test-retest reliability coefficients for composite 

scores ranged from .79 to .86 (NWEA, 2019). 

Statewide EOG Reading Assessment. The EOG Reading Assessment for Grade 3, 

administered in the spring, was used as a measure of students’ domain-general reading 

comprehension. The assessment aligns with the state standard course of study for English 

Language Arts and evaluates mastery of foundational reading skills, vocabulary, and 

comprehension of literary and informational texts. The assessment provides a summative 

evaluation of a student’s mastery of grade-level standards, providing a snapshot of performance 

at the end of the academic year. It includes multiple-choice questions that assess literal and 

inferential comprehension, vocabulary in context, and text analysis. Item response theory-scaled 

EOG test scores were used to estimate overall reading proficiency and to model variation in 

performance across subgroups. Internal consistency for the assessment is approximately .90 

(North Carolina Department of Public Instruction, 2020). 

Fidelity of Implementation 

 We assessed treatment fidelity by examining two key dimensions: differentiation and 

responsiveness (Dane & Schneider, 1998). Differentiation refers to the unique features of a 

program intended to facilitate meaningful change. Differentiation was measured through a 13-

item teacher survey that captured self-reported strategies for promoting student engagement in 
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digital app-based and print-based activities. The survey items included practices such as 

modeling, setting completion expectations, dedicating instructional time, communicating with 

families, and following up with students who did not complete activities. Teachers in both 

treatment conditions rated each item on a 5-point Likert scale (1 = never to 5 = every day), with 

higher scores indicating a greater frequency of implementation. The internal consistency was .83. 

 Responsiveness, defined as the degree of participant engagement in a program (Sánchez 

et al., 2007), was evaluated based on the quality of student-teacher interactions observed in 

audio-recorded synchronous Zoom classes. Consistent with prior research on classroom 

discourse (Fredricks et al., 2004), we developed a rubric (Appendix F) to assess three dimensions 

of interaction: engagement, questioning, and feedback. Each dimension was rated on a 4-point 

Likert scale (1 = low, 2 = medium low, 3 = medium high, and 4 = high) based on evidence from 

the recorded lessons. Engagement was measured as the frequency and depth of back-and-forth 

exchanges, dialogic interactions, and follow-up questions, with higher scores indicating more 

sustained reciprocal dialogue (Skinner & Pitzer, 2012). Questioning assessed the use of open-

ended prompts to elicit higher-order thinking, capturing the extent to which teachers moved 

beyond closed-ended questions to encourage analysis and reasoning (Alexander, 2008). 

Feedback focused on cognitive engagement through clarifications, connections to prior learning, 

and positive reinforcement, with higher scores reflecting more detailed and constructive 

responses (Hattie & Timperley, 2007).  

We rated 153 synchronous lesson sessions in Lessons 3, 4, 7, and 8 of the 15-day science 

unit. These lessons were selected due to their interactive and varied instructional activities, 

providing opportunities to observe variations in engagement, questioning, and feedback. To 

ensure consistent rubric application, two researchers, blinded to the treatment condition, jointly 
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rated each lesson from four classroom sessions and resolved scoring discrepancies to align their 

interpretations of the criteria. After this calibration process, one researcher independently rated 

the remaining sessions, and the second researcher independently rated a random 20% of these 

sessions to assess inter-rater reliability. The overall agreement was .91 (Cohen’s κ = .79).  

Data Analysis  

To address RQs 1 and 2, we employed a three-level hierarchical linear model (HLM) to 

account for the nested structure of the data in our multi-site, cluster-randomized study design. 

The model includes students (level 1), teachers (level 2), and schools (level 3). The reduced-form 

model is expressed as follows: 

 

Yijk	=	αk + β1Adaptivejk + ∑ βpCOVp
ijk

11
p = 2  + ζjk + ϵijk (Equation 1) 

ζjk~ N#0, σζ
2$ 

ϵijk ~ N(0, σϵ
2), 

where Yijk denotes the outcome for student i in teacher j’s classroom in school k, and αk 

represents the intercept for school k. β1captures the covariate-adjusted intention-to-treat (ITT) 

effect of Adaptive Treatment, and βpCOVpijk
 represents a set of student-level covariates (i.e., 

baseline MAP reading scores, gender, race/ethnicity, English learner status, home language, 

individualized education plan status, and neighborhood poverty). The variable Adaptivejk is a 

binary indicator of whether the teacher was assigned to the Adaptive Treatment condition. The 

model also includes a teacher-level random effect, ζjk, and student-level residual, ϵijk, both of 

which are assumed to follow normal distributions.  
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For RQ2, we further examined heterogeneous treatment effects on student learning 

outcomes across school sites using a model that incorporated random intercepts for schools and a 

random slope for the treatment condition at Level 3 (Equation 1). This specification allowed for 

the estimation of both the average treatment effect across schools and the standard deviation of 

treatment effects across school sites. To address missing covariate data, we used multiple 

imputation. All analyses were conducted using Stata 17.0 (StataCorp, 2021). 

For the analysis of teachers’ fidelity of implementation for RQ3, we used Ordinary Least 

Squares (OLS) regression models with school fixed effects and teacher-level covariates, 

including prior intervention experience, years of teaching, National Board Certification status, 

and state reading course completion. The model is specified as: 

Yjk	=	αk + β1Adaptivejk + ∑ βpCOVjk
5
p = 2  + ζjk  (Equation 2) 

 ζjk~ N#0, σζ
2$, 

where Yjk denotes the outcome for teacher j in school k, and αk represents the intercept for school 

k. The term β1 captures the adjusted ITT effect of Adaptive Treatment, while βkCOVjk includes 

teacher-level covariates. The teacher-level residual ζjk  is assumed to be normally distributed. 

Results 

RQ1: The Effect of Structured Adaptations on Student Engagement in Asynchronous and 

Synchronous Learning Activities 

Table 4 presents descriptive statistics and treatment effects comparing student 

engagement outcomes between the Adaptive and Core Treatment conditions. Students in the 

Adaptive Treatment condition demonstrated significantly higher engagement in digital app 

activities compared to those in the Core Treatment condition. Specifically, Adaptive Treatment 

resulted in a higher proportion of students accessing the app library (β = 0.06, p < .05), 
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completed more science books (e.g., groups of 15 activities) on the app (β = 0.31, p < .001), and 

led to more frequent exposure to target words (β = 0.27, p < .05). It also likely contributed to 

slightly more time spent on app activities (β = 0.17, p < .10), although this effect was marginal. 

The intervention, however, did not produce differences in overall accuracy on app activities (β = 

-0.003, p > .05). 

In addition, the Adaptive Treatment led to higher levels of student-reported engagement, 

with students reporting greater enjoyment of lesson activities (β = 0.10, p < .05) and stronger 

self-competence beliefs (β = 0.10, p < .05). It did not produce differences in students’ perceived 

task difficulty (β = -0.01, p > .05). For print-based book/trifold activities, Adaptive Treatment 

may have supported slightly more frequent return of trifolds (β = 0.16, p > .05), though this 

difference was not statistically significant. Similarly, the probability of returning any trifolds was 

comparable across groups (β = 0.01, p > .05). The intervention also did not produce differences 

in engagement during synchronous lesson activities (ps > .05). 

RQ2: The Effect of Structured Adaptations on Student Learning Outcomes and 

Heterogeneous Treatment Effects 

Table 5 shows descriptive statistics and the effects of Adaptive Treatment on student 

learning outcomes. No statistically significant difference was found between the Adaptive and 

Core Treatment groups for science vocabulary knowledge depth (effect size [ES] = 0.02, p 

> .05). However, Adaptive Treatment led to higher scores on science background knowledge 

compared to the Core Treatment group, with a small but statistically significant effect (ES = 

0.09, p < .05). Students in the Adaptive Treatment group outperform those in the comparison 

group on science content reading comprehension across all passages (ES = 0.07, p < .05), 

demonstrating its positive impact on students’ understanding of science texts. By passage type, 
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Adaptive Treatment resulted in significantly higher performance on the near-transfer passage 

(ES = 0.12, p < .01), while it had no significant effect on the mid-transfer (ES = 0.07, p < .10) 

and far-transfer passages (ES = 0.02, p > .05). Adaptive Treatment did not affect domain-general 

reading comprehension, with no significant differences on MAP scores (ES = -0.02, p > .05) or 

EOG reading scores (ES = -0.03, p > .05). 

We conducted a series of sensitivity checks on the ITT analysis by adding a covariate for 

the number of exposures to target vocabulary, which differed between conditions due to the 35-

minute extension lesson in the Adaptive Treatment group. When controlling for word exposure, 

the estimated ES for science background knowledge in the Adaptive Treatment group decreased 

only slightly from 0.09 to 0.08. For science content reading comprehension, both overall and for 

each of the three passage types, the ES differences were negligible, all less than 0.01. This 

minimal change suggests that the additional lesson alone did not fully account for the observed 

treatment effects. 

The analysis of heterogeneous treatment effects using a random intercept and random 

slope model revealed minimal variability in treatment effects across school sites. Point estimates 

of SD for treatment effects were near 0 for all student learning outcomes, indicating that the 

effects of Adaptive Treatment were consistent across school sites. 

RQ3: Teachers’ Fidelity of Implementation 

 Differentiation in teacher-reported strategies for promoting asynchronous reading 

activities varied between the treatment conditions (see Table 6). For digital app activities, 

teachers in the Adaptive Treatment group were significantly more likely to follow up with 

students who did not complete activities compared to those in the Core Treatment group (p 

< .01). Other app-related strategies, such as encouraging students to complete activities and 
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modeling the use of the app library, showed positive trends but were not statistically significant 

(ps > .05).  

For print-based reading activities, significant differences emerged in favor of the 

Adaptive Treatment condition. Teachers in this group were more likely to model the use of 

trifolds, set expectations for the number of trifolds, and communicate with families about trifolds 

(ps < .05). Other strategies (e.g., following up with students who did not complete trifolds) did 

not differ significantly between the groups (ps > .05).  

 Responsiveness, as reflected in observed student-teacher interactions during the 

synchronous lessons, was consistently higher in the Adaptive Treatment condition across all 

three assessed dimensions (see Table 7). Specifically, teachers in the Adaptive Treatment group 

demonstrated significantly greater engagement with students, provided more details and frequent 

use of feedback, and employed higher levels of questioning to elicit deeper reasoning and critical 

thinking compared to the Core Treatment group (ps < .01). 

Discussion 

This experimental study was designed to assess the effectiveness of structured 

adaptations to a third-grade content literacy intervention that integrated asynchronous print and 

digital reading activities with synchronous lessons. Using a within-school cluster randomized 

trial design, 95 third-grade teachers and their students were randomly assigned to one of two 

conditions: the Core Treatment condition, which replicated intervention components validated in 

previous research, and the Adaptive Treatment condition, which built on the Core Treatment by 

adding structured adaptations with TBL activities. The Adaptive Treatment condition aimed to 

increase teachers’ perceptions of autonomy, competence, and relatedness to increase (a) their 
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motivation to work with the content literacy intervention and (b) the fit of the intervention to 

meet teacher and student needs during the COVID-19 pandemic.  

Our findings provide a comprehensive and detailed account of implementation processes 

and an outcome-wide analysis (VanderWeele, 2017) of student learning using multiple measures 

of engagement and learning. Results indicate that third graders whose teachers were in the 

Adaptive Treatment condition demonstrated higher engagement levels during both asynchronous 

digital activities and synchronous lessons compared to those in the Core Treatment condition. 

Furthermore, this increased student engagement was also reflected in better outcomes for 

students’ science background knowledge and science reading comprehension. Notably, the null 

effects on science vocabulary knowledge depth and domain-general reading suggest no evidence 

of adverse effects. Although no single factor led to these gains, the most critical difference 

between the two conditions was the integration of TBL activities in the Adaptive Treatment 

condition that enabled teachers to improve student engagement with asynchronous learning and 

synchronous lessons in ways that fostered the development of background knowledge and 

comprehension of science tests. Below, we highlight key findings for each research question and 

discuss broader implications. 

Effectiveness of Structured Adaptations on Student Engagement 

Our first aim was to examine whether teachers in the Adaptive Treatment condition could 

enhance student engagement with asynchronous learning activities and synchronous lessons. In 

many ways, there is clear evidence of a cascading series of effects linking upstream TBL 

activities for teachers and downstream student engagement processes. In operationalizing 

Adaptive Treatment, we emphasized “active ingredients” embedded in the TBL activities, which 

afforded teachers opportunities to collaborate with the research team and their peers, including 
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literacy coaches. As noted in Table 3, TBL discussions enabled teachers to customize 

communication with families, utilize learning analytics from digital app data to promote 

equitable access to digital resources (Bernacki, 2025), and deliver an extension lesson to 

facilitate students’ mastery of core science concepts (e.g., system) introduced during the 

synchronous Zoom lessons. These practices, moreover, emphasized active learning and time on 

task, which are two critical components of effective and flexible teaching identified by the 

American Psychological Association’s task force on pivot teaching during the pandemic 

(Cavazos et al., 2024). While no differences were observed in engagement with print-based 

activities, students in the Adaptive Treatment group demonstrated greater motivation and 

stronger alignment between task difficulty and interest compared to students in the Core 

Treatment group. These findings suggest that the structured adaptations developed through TBL 

activities significantly increased student participation in digital, game-based activities. 

Notably, the observed differences in the quality of student-teacher interactions were not 

simply a function of the extension lesson but reflected qualitative differences in classroom 

discourse. Although both groups implemented the same core synchronous lessons, analyses of 

classroom audio recordings (Table 7) showed that teachers in the Adaptive Treatment condition 

facilitated more dialogic instruction, offered more substantive feedback, and elicited greater 

student participation. These findings indicate that Adaptive Treatment influenced the quality, not 

just the quantity, of instructional engagement. Rather than being an artifact of added instructional 

time, the differences in the quality of student-teacher interactions reflect how the adaptation 

model supported bounded flexibility and professional agency, in which teachers made principled 

adjustments to promote students’ deeper cognitive and social engagement. This interpretation 

aligns with views of scale that emphasize shifts in classroom interaction norms as markers of 
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instructionally responsive and equitable implementation (Coburn, 2003). By equitable 

implementation, we mean instructional enactment in which teachers use both research-based 

guidance and local professional judgment to make structured adaptations that promote access and 

engagement for all learners in their instructional context (Levinson et al., 2022; OECD, 2018). 

Furthermore, the findings suggest that structured adaptations, supported through TBL 

sessions, enabled teachers to design scaffolding routines that remained anchored in core 

instructional goals while also responsive to students’ sense-making of science content. Rather 

than adhering to scripts, teachers treated shared strategies as starting points and adjusted them 

based on student thinking and classroom dynamics. This flexibility allowed teachers to draw on 

students’ prior knowledge, interests, and lived experiences, connecting unit topics to familiar 

cultural or community contexts. When instruction was grounded in students’ experiences, their 

contributions became more visible in classroom discourse, fostering a stronger sense of 

competence and belonging (Gray et al., 2018). 

These patterns reflect our conceptualization of equity in practice. Adaptive Treatment 

teachers were not just permitted to adapt; they were given structured opportunities to do so in 

more systematic ways that acknowledged students’ varied learning contexts and created 

accessible entry points into core content. For instance, they built class time for app work into 

their lessons, celebrated incremental progress, and drew on families’ experiences with health and 

medicine to extend science conversations. In doing so, they enacted asset-based pedagogy, not 

by simplifying content, but by using knowledge of students’ lives to strengthen its relevance and 

reach (López, 2024). 

Although these adaptations in this study did not directly leverage students’ full cultural or 

linguistic resources, they reflected an asset-based stance by centering teachers’ knowledge of 
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their students and contexts as essential for equitable access. Unlike general guidance for 

differentiation in many curriculum programs, the structured adaptation model in this study 

offered a collaborative design infrastructure, operationalized through TBL activities, that 

supported teachers in making context-sensitive decisions while maintaining coherence with 

shared goals and instructional principles (Bryk et al., 2015; Penuel et al., 2017). While this study 

focused on adaptations to support student engagement, the model is not limited to this domain. 

Student engagement was prioritized given its central importance during remote learning and its 

links to student motivation, learning, and equity (Fredricks et al., 2004; Skinner & Pitzer, 2012).  

Student engagement across asynchronous and synchronous contexts was further 

supported by teachers’ deliberate integration of knowledge from asynchronous activities into live 

class discussions. Adaptive Treatment teachers used app participation data to co-design follow-

up activities that celebrated progress, addressed emerging needs, and reinforced connections 

between vocabulary introduced in the app and broader science concepts discussed in class. This 

kind of integration likely helped students recognize the continuity of their learning across 

settings, making instruction feel more coherent and relevant. 

The app itself may also have supported engagement by combining gamified features with 

tools that targeted key aspects of literacy development. Its read-aloud functionality for science 

books, coupled with activities targeting both constrained and unconstrained literacy skills (Paris, 

2005), offered structured opportunities for practice and extension. Activities designed to foster 

metalinguistic awareness, such as playing with idioms, humor, and metaphors, encouraged 

students to think more deeply about language (Spector, 1996). These features likely enhanced 

vocabulary exposure and language engagement while also drawing on students’ prior 

experiences and analytical thinking as learning resources (Zipke, 2008). 
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These results suggest that TBL-supported adaptations and the app’s design features 

worked in tandem to support student engagement during pandemic-era instruction. Teachers 

collaborated to address participation barriers, scaffold student effort, and sustain engagement 

during self-directed work. At the same time, the app’s interactive structure and literacy activities 

supported autonomy, motivation, and deeper processing, which are key factors for student 

success in online environments (Bond, 2020; Zimmerman, 2002). These results suggest that 

combining adaptive teaching practices with well-designed digital tools can help sustain student 

participation and learning in remote or hybrid learning environments where instructional 

continuity is harder to maintain (Archambault et al., 2022). 

Effectiveness of Structured Adaptations on Learning Outcomes 

 The second research aim was to examine the effects of Adaptive Treatment on student 

performance in science vocabulary knowledge depth, science background knowledge, and 

domain-specific (i.e., science) and domain-general reading comprehension. Beyond engagement 

outcomes, Adaptive Treatment also significantly impacted learning outcomes, particularly in 

science background knowledge (ES = .09) and science content reading comprehension (ES 

= .07). Notably, however, the positive impact on domain-specific science reading comprehension 

was largely driven by the near-transfer passage (ES = .12) rather than the mid-transfer (ES = .07) 

and far-transfer (ES = .02) passages. These findings suggest that Adaptive Treatment supported 

students’ comprehension of a near-transfer passage about how scientists help monkeys recover 

from heart attacks, which included all the directly taught vocabulary from the teacher-directed 

synchronous lessons. More broadly, the findings underscore the need to move beyond the simple 

view of reading to a more complete view of reading that models heterogeneity at the reader and 

passage levels (Francis et al., 2018). This perspective calls on researchers to use statistical 
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models that more precisely assess for whom and on which tasks online and in-person literacy 

interventions are most effective.  

In addition, the impact on student reading outcomes suggests that even modest 

adjustments to professional learning and instructional structure, such as a collaboratively planned 

extension lesson, can strengthen students’ conceptual understanding when integrated into an 

adaptive implementation model. The Adaptive Treatment group included the extension lesson on 

the concept of systems, collaboratively designed during TBL session to deepen content 

understanding. In this lesson, teachers connected the scientific concept of systems to students’ 

prior knowledge, facilitating schema-building and integrating new information with existing 

schemas. By strengthening students’ conceptual understanding and encouraging them to apply 

their learning to novel contexts, this approach supported text comprehension and retention of 

specialized content (Kintsch, 1993; McNamara et al., 1996). These targeted scaffolding practices 

demonstrate how adaptive instruction can address the cognitive demands of disciplinary learning 

while fostering deeper connections to the learning material. The Adaptive Treatment condition 

achieved dual objectives: maintaining fidelity to the core instructional framework while 

enriching student-teacher interactions during synchronous sessions. The study findings 

demonstrate how structured, teacher-initiated modifications in a shared instructional framework 

can optimize instructional experience and effectiveness, offering opportunities for 

comprehension and knowledge integration without compromising fidelity to the intervention’s 

core principles (Bryk et al., 2015; Goldenberg & Gallimore, 1991; Quinn & J. Kim, 2017). 

The broader significance of these findings is particularly evident when considering the 

study context. With approximately 40% of students from low-SES backgrounds and 

implementation occurring during the COVID-19 pandemic, the Adaptive Treatment condition 
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demonstrated its potential to mitigate systemic inequities in education. Pandemic-related 

disruptions disproportionately affected under-resourced communities, exacerbating educational 

disparities (Kuhfeld et al., 2022; Relyea et al., 2022). Despite these challenges, positive effects 

on student learning suggest that the Adaptive Treatment condition provided additional support 

that amplified the impact of content literacy instruction, leading to stronger domain-specific 

learning outcomes. While teachers in both treatment conditions maintained learning continuity, 

Adaptive Treatment teachers leveraged the collaborative TBL framework to align evidence-

based practices with students’ needs. This participatory approach enabled teachers to foster 

deeper reading engagement and comprehension and support equitable and impactful learning 

outcomes even under adverse conditions (J. Kim & Mosher, 2023). 

Nevertheless, the lack of additional gains in science vocabulary knowledge suggests that 

both treatment conditions benefited equally from the core components of the intervention, 

leaving limited room for further enhancement in this outcome. The null findings for domain-

general reading comprehension also diverge from prior work (J. Kim et al., 2017), which 

reported a modest advantage (ES = 0.12) for students in the adaptive condition on reading 

comprehension. Unlike J. Kim et al.’s (2017) study, conducted in an in-person learning 

environment, this study was implemented in a remote context, where the challenges of 

navigating non-traditional instructional settings may have constrained students’ learning 

potential. This inconsistency may also reflect the inherent difficulty of transferring content-

specific gains to broader literacy domains (J. Kim et al., 2024). Domain-general reading 

comprehension develops incrementally over extended periods and requires sustained practice 

(Paris, 2005), which was likely disrupted by pandemic-related constraints such as reduced 

instructional hours and inconsistent reading instruction. Moreover, statewide standardized 
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assessments used to measure these skills may have lacked the sensitivity to detect the nuanced, 

intervention-specific effects, potentially obscuring more subtle impacts (Francis et al., 2022; 

Gilbert et al., 2023). 

The heterogeneous treatment effects analyses revealed minimal variability in outcomes 

across school sites, highlighting the consistency in the impact of the Adaptive Treatment 

condition regardless of geographic or demographic differences. This consistency is particularly 

noteworthy given the disparities in resources, instructional conditions, and student demographics 

that often characterize educational systems (Raudenbush et al., 1998). By balancing flexibility 

with fidelity, structured adaptations enabled schools, irrespective of their starting conditions, to 

align evidence-based practices with their unique contexts while preserving the integrity of the 

instructional core principles (Bryk et al., 2015; Goldenberg & Gallimore, 1991). These findings 

align with equity-driven pedagogical frameworks, demonstrating how well-designed adaptations 

can mitigate contextual disparities and promote comparable learning opportunities for all 

students. The results emphasize the potential of structured adaptations to serve as a scalable 

approach to bridging the research-practice divide and advancing educational equity across 

diverse instructional settings (Coburn, 2003). 

Structured Adaptations and Fidelity of Implementation 

Our third aim was to investigate whether Adaptive Treatment teachers could maintain 

levels of fidelity comparable to Core Treatment teachers, particularly in terms of differentiation 

and responsiveness components of fidelity (Dane & Schneider, 1998). Adaptive Treatment 

teachers exhibited higher fidelity across these dimensions, providing insights into balancing 

adherence to core instructional principles with context-sensitive adaptations. Differentiation, 

operationalized through teacher-reported strategies for asynchronous activities, highlights how 
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fidelity can extend beyond rigid adherence to protocols by incorporating teacher-driven 

scaffolding practices tailored to diverse student needs (Power et al., 2005). Adaptive Treatment 

teachers’ emphasis on personalized follow-ups for app activity completion, modeling trifold 

usage, setting expectations, and engaging in family communication (see Table 6) exemplified 

fidelity to the intervention’s core engagement goals while simultaneously addressing the unique 

demands of asynchronous learning and varied student needs. These findings support the notion 

that fidelity and adaptation can coexist, fostering flexibility without compromising alignment 

with the core principles (J. Kim & Mosher, 2023). 

It is noteworthy that the greater responsiveness observed in the Adaptive Treatment 

condition highlights how fidelity can encompass the quality of instructional interactions. 

Teachers in this condition demonstrated higher levels of open-ended questioning, meaningful 

feedback, and dialogic engagement, fostering reciprocal exchanges and active student 

participation during the synchronous lessons. These practices demonstrate how structured 

adaptations enabled teachers to maintain the pedagogical integrity of the intervention while 

elevating the quality of student-teacher interactions. These findings align with conceptualizations 

of fidelity that emphasize both adherence to prescribed practices and the quality of their 

implementation (Dane & Schneider, 1998; O’Donnell, 2008). By incorporating responsiveness, 

structured adaptations bridged the theoretical rigor of fidelity with the practical demands of 

adaptation, underscoring the critical role of teacher agency in achieving scalable and sustainable 

outcomes (J. Kim et al., 2017). In doing so, structured adaptations not only safeguarded the 

integrity of the intervention’s core principles but also empowered educators to exercise 

professional judgment to respond to contextual demands, thus enhancing its relevance and 

impact. 
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These findings contribute to the broader discourse on scaling evidence-based 

interventions by demonstrating the importance of integrating fidelity and adaptation (Dede, 

2006; Hill & Erickson, 2019). When conceptualized inclusively, fidelity can guide innovation by 

guiding principled modifications that enhance implementation quality and educational equity 

(Bryk et al., 2015; Durlak & DuPre, 2008). This integrated perspective advances understanding 

of how structured adaptation frameworks can bridge the research-practice gap, ensuring that 

interventions are scientifically rigorous while responsive to the diverse and needs of classrooms 

(Goldenberg & Gallimore, 1991; Joyce & Cartwright, 2020). While our findings demonstrate the 

promise of structured adaptations supported by researcher-teacher collaboration, we do not claim 

that this model is scalable in its current form. Instead, the study highlights transferable design 

principles, such as bounded instructional choices and collaborative structures (Bryk et al., 2015; 

Su & Reeve, 2011), that can inform the development of scalable, context-responsive 

interventions.  

Implications for Practice 

          We view structured adaptations as program-agnostic implementation design principles for 

enhancing asset-based pedagogies to promote equitable implementation of evidence-based 

literacy programs and practices. Grounded in self-determination theory (Ryan & Deci, 2000), we 

designed structured adaptations to cultivate autonomy-supportive professional contexts that 

enhance the professional well-being of teachers (Deci & Ryan, 2012). We translated SDT into an 

implementation design framework in which teachers were asked to work in teams with a specific 

focus in mind, set realistic goals to work toward that focus, challenge their understanding of a 

content literacy program, and felt greater belonging with their colleagues and students during the 

isolation triggered by school closures during COVID-19. In many ways, the empirical findings 
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supporting Adaptive Treatment over Core Treatment replicate findings from other instantiations 

of this idea in very diverse contexts, including summer reading involving school and home 

connections (J. Kim et al., 2017), early literacy programs using peer learning (Lemons at el., 

2014), and preschool vocabulary building (Neuman et al., 2021). Thus, the principles underlying 

Adaptive Treatment are strongly grounded in theoretical research and replicated across a wide 

range of literacy programs and practices. 

Limitations and Future Directions  

Several limitations warrant attention in future research. First, the absence of a traditional 

treatment-versus-control (business-as-usual) comparison group limits the ability to assess the 

unique contribution of structured adaptations relative to typical instructional practices. Although 

the study design ensured equitable access to instructional opportunities during pandemic-related 

school closures, it precluded establishing a baseline against which to assess the distinct effects of 

Adaptive Treatment. 

Second, the mechanisms underlying the observed effects were not explored in this study. 

Future research should investigate whether improvements in teacher responsiveness or student 

engagement function as mediators linking structured adaptations to student learning outcomes. 

Identifying such mechanisms may clarify how specific features of adaptive instruction produce 

their effects and help understand critical leverage points for maximizing their effectiveness.   

Third, the study did not include teacher-reported perspectives on autonomy, competence, 

or relatedness. While implementation data reflect evidence of teacher agency, future work should 

incorporate teacher interviews or survey measures to understand better how teachers perceived 

autonomy-supportive features of the intervention and how these perceptions shaped their 

instructional decisions.  
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Finally, there is growing interest in applying learning analytics to examine collaborative 

learning processes (Yan et al., 2025). Future studies should aim to capture the depth and 

variability of teachers’ engagement in TBL activities and explore how such collaboration 

influences implementation. Integrating artificial intelligence-based engagement metrics, such as 

real-time interaction patterns, prosodic signals, or behavioral indicators, could further enhance 

understanding of teacher engagement as they co-construct adaptations with researchers and their 

peers.  

Conclusion 

There is emerging evidence that structured adaptations can enhance program 

effectiveness (e.g., J. Kim et al., 2017; Lemons et al., 2014; Neuman et al., 2011), particularly 

amidst diverse challenges. When supported by researchers and aligned with core principles, these 

adaptations maintain fidelity while increasing student engagement and learning outcomes by 

addressing unique student and local context needs. For policymakers and educational leaders, our 

findings advocate for policies that support adaptive frameworks. Such policies should integrate 

core intervention components with flexible, localized adaptation strategies, ensuring that 

evidence-based programs are robust yet responsive to contextual demands. Finally, this study 

suggests that asset-based learning environments build autonomy, competence, and belongingness 

supports (Ryan & Deci, 2000, 2020), which are both causes and consequences of more effective 

literacy instruction and learning. In essence, structuring teacher adaptations may represent an 

evidence-based model for supporting fidelity and flexibility and humanizing learning spaces for 

teachers and their students.    
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Table 1 
 
Characteristics of Student Participants by Treatment Condition and Balance Checks (N = 1,914) 
 
 
Characteristics 

Overall  
(N = 1,914) 

Adaptive treatment  
(n = 962)  

Core treatment  
(n = 952)  

Balance checksb 

Ma SD Ma SD Ma SD Difference z-statistic 
Black 0.37 0.48 0.36 0.48 0.38 0.48 0.00 -0.22 
Other 0.03 0.17 0.02 0.16 0.04 0.19 -0.01 -1.42 
Asian 0.09 0.29 0.07 0.26 0.11 0.31 -0.04 -1.77† 
Hispanic 0.34 0.47 0.38 0.49 0.29 0.46 0.06 3.15** 
White 0.17 0.38 0.16 0.37 0.19 0.39 -0.01 -0.50 
AIG 0.12 0.33 0.13 0.33 0.12 0.33 0.01 0.48 
Male 0.49 0.50 0.50 0.50 0.48 0.50 0.02 0.76 
English learner 0.25 0.43 0.27 0.44 0.22 0.42 0.04 1.58 
Home Language: English 0.37 0.48 0.36 0.48 0.37 0.48 -0.02 -0.87 
IEP 0.08 0.28 0.09 0.28 0.08 0.28 0.00 0.10 
Low SES 0.39 0.49 0.40 0.49 0.37 0.48 0.00 -0.22 
Med SES 0.37 0.48 0.38 0.49 0.35 0.48 0.05 2.85** 
High SES 0.25 0.43 0.22 0.41 0.28 0.45 -0.04 -3.91*** 
Baseline MAP Reading 189.56 18.06 189.01 17.85 190.12 18.26 -1.08 -1.26 
Note. AIG = Academically or Intellectually Gifted (AIG) program. IEP = Individual Education 
Plan. SES = Socio-economic Status (at neighborhood level). MAP = Measure of Academic 
Progress. 
aMean (M) values are proportions for categorical variables or raw means for continuous 
variables. 
bAdaptive-Core treatment group differences are regression coefficients from multilevel models 
including the treatment indicator, school fixed effects, and random effects for teacher. p-values 
below 0.01 are significant when applying the Benjamini-Hochberg (BH) correction at a 5% false 
discovery rate. Results for baseline MAP reading are based on multiple imputation for missing 
data. 
†p < 0.10, *p < 0.05, **p < 0.01, ***p < .001.
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Table 2 
 
Operationalization of the Core Components in Core and Adaptive Treatment and Acceptable Adaptations 
 

Core components Operationalization in  
Core Treatment 

Operationalization in  
Adaptive Treatment Acceptable adaptations 

Asynchronous activities: 
• digital app  
• print-based 

trifolds 

• Teachers introduce the 
app and trifolds to 
students and parents 
through video and letter.  

• Teachers access the app 
and trifolds and guide 
students in navigating 
features. 

• Teachers review app 
data reports to monitor 
student participation. 

• Core Treatment 
PLUS 
• Teachers and literacy coaches engage in Team-

Based Learning (TBL) sessions, meeting 
synchronously with the research team to set goals, 
envision student outcomes, and address challenges 
collaboratively. 

• Teachers co-develop strategies with peers to foster 
student engagementa 
Teachers receive app participation data to monitor 
progress and develop adaptive strategies during 
TBL sessions. 

• Customize the strategies based on 
teachers’ knowledge of individual 
student needs  

• Optimize communication and 
incentives to enhance student and 
family engagement 

• Utilize app data for targeted 
support, identifying students who 
need additional assistance 

Synchronous online 
lessons 

• Teachers receive basic 
training on the 
intervention curriculum 
and lesson materials. 

• Teachers deliver 15-day 
scripted lessons.  

• Core Treatment 
PLUS 
• Teachers deliver a Day 16 extension lesson to 

deepen students’ knowledge of the word system. 
• Teachers and literacy coaches at the same school 

meet synchronously with the research team to 
strategize how to teach the extension lesson to their 
students.  

• Foster enjoyment and appreciation 
of language 

• Make changes to expand students’ 
understanding of the word to more 
abstract contexts 

• Determine the presentation format 
to include interactive elements 

• Adjust lesson timing to meet 
student needs and school contexts 
(e.g., extending lessons over two 
days) 
 

Note. aThe strategies include modeling how to use, encouraging students to share their learnings, setting expectations, communicating with 
families, incentivizing, monitoring progress, and following up with students needing extra support. 
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Table 3 
 
Type and Nature of Adaptations Completed by Adaptive Treatment Teachers 
 

Component Content Adaptations Procedural Adaptations 
Asynchronous 
activities 

• App/trifold engagement 
o Introduced the purpose of using the app/trifolds and 

connected it to classroom content learning. 
o Highlighted student learning from the app/trifolds through 

projects, discussions, or presentations. 
o Emphasized the relevance and benefits of the app/trifolds to 

students and parents. 

• App/trifold engagement 
o Modeled how to use the app during virtual class sessions. 
o Provided structured in-class time for app/trifold 

engagement. 
o Set clear expectations by integrating app/trifold use into 

routines or assignments. 
o Encouraged consistent use through regular communication 

with parents. 
o Incentivized usage with rewards. 
o Monitored engagement and offered individual follow-ups 

for encouragement and support. 
Synchronous 
online lessons 

• Extended lesson activities 
o Encouraged abstract thinking by connecting the concept of 

systems to classroom content and broader contexts. 
o Reinforced understanding of systems through mad libs, 

discussions, and presentations. 
o Provided word banks and visuals to support English learners. 

• Extended lesson activities 
o Set clear expectations and modeled an example 

presentation to demonstrate expectations. 
o Guided students in completing and refining their system 

mad libs. 
o Facilitated peer sharing and engagement through structured 

opportunities. 
o Encouraged the use of multimedia and creative elements in 

presentations. 
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Table 4 
 
Descriptive Statistics and the Effects of Adaptive Treatment on Student Engagement with the Asynchronous Learning Activities 
 
Variable Adaptive treatment  Core treatment Treatment effect 

 M SD n M SD n b SE 
Engagement with game-based app activities         

Ever access app library (1 = yes, 0 = no) 0.65 0.48 962 0.60 0.49 952 0.06* 0.03 
Number of science books completed on app library 0.81 1.60 962 0.47 1.15 952 0.31*** 0.08 
Number of target words  2.11 1.79 962 1.85 1.75 952 0.27* 0.10 
Total time spent on app activitiesa  1.71 1.77 962 1.54 1.73 952 0.17† 0.10 
Overall app activity accuracyb (std) 0.03 1.03 554 0.09 1.00 505 -0.003 0.05 

Engagement with app activities aligned with synchronous 
curriculum lessons 

        

Ever access curriculum lessons 0.83 0.38 962 0.85 0.36 952 -0.002 0.02 
Proportion of all curriculum lessons completed 0.57 0.40 962 0.60 0.39 952 0.00 0.02 
Proportion of interactive read-aloud lessons completed 0.62 0.40 962 0.65 0.39 952 0.00 0.02 
Proportion of word sleuthing lessons completed 0.59 0.39 962 0.62 0.39 952 0.001 0.02 
Accuracy on curriculum activities (std) -0.02 1.02 792 0.07 1.00 820 -0.004 0.04 
Accuracy on end-of-unit quizzes (std) -0.01 1.00 585 0.03 1.01 591 0.03 0.05 
Total time spent on curriculum lessonsb 4.16 2.10 962 4.26 2.01 952 0.01 0.14 

Perceived motivation and task challenges with app activities         
Enjoyment of app activities 2.92 0.69 952 2.86 0.71 946 0.10* 0.05 
Reader self-competence beliefs 2.19 0.55 952 2.16 0.55 946 0.10* 0.05 
How difficult was the task 2.01 0.39 952 2.01 0.38 946 -0.01 0.05 

Print-based trifolds activities          
Return any trifolds (1 = yes, 0 = no) 0.10 0.30 962 0.09 0.29 952 0.01 0.01 
Number of trifolds returned 0.95 3.19 962 0.79 2.88 952 0.16 0.14 

Note. Point estimates for the Adaptive Treatment effect derived from multilevel models including the Adaptive Treatment indicator, school fixed effects, teacher 
random effects, student demographics, and baseline Measure of Academic Progress (MAP) reading scores and therefore differ from the raw difference in means. 
P-values below 0.002 are significant when applying the Benjamini-Hochberg (BH) correction at a 5% false discovery rate. 
aLog-transformed minutes. We add 1 to the total time spent on the curriculum before taking the log. 
bSample sizes for app activity accuracy are reduced because we only have accuracy data for students who logged onto the app. 
†p < 0.10, *p < 0.05, ***p < 0.001. 
  



   
 

 50  
 

Table 5 
 
Descriptive Statistics and the Effects of Adaptive Treatment on Student Learning Outcomes 
 
 
Variable Adaptive treatment  Core treatment Adaptive treatment effect  

 M SD n M SD n b SE SD (across 
school sites) 

Science vocabulary knowledge deptha 20.00 7.92 962 20.54 7.69 952 0.02 0.03 0.00 
Science background knowledgea 4.56 2.05 962 4.53 2.05 952 0.09* 0.04 0.00 
Reading comprehension           

Science content reading comprehensiona          
All passages 13.01 6.52 962 13.16 6.51 952 0.07* 0.03 0.00 
Near-transfer passage 4.96 2.67 962 4.90 2.61 952 0.12** 0.04 0.00 
Mid-transfer passage 4.31 2.35 933 4.35 2.35 930 0.07 0.04 0.03 
Far-transfer passage 4.14 2.28 901 4.25 2.34 898 0.02 0.04 0.00 

Domain-general reading comprehension          
MAP 191.70 18.82 918 193.20 18.10 899 -0.02 0.03 0.00 
EOG reading 433.66 9.52 888 434.55 9.97 880 -0.03 0.03 0.04 

Note. Point estimates for the Adaptive Treatment effect were derived from multilevel models that included the Adaptive Treatment indicator, school fixed 
effects, teacher random effects, student demographics, and baseline Measure of Academic Progress (MAP) reading scores; therefore, these estimates differ from 
the raw difference in means. The standard deviation (SD) of treatment effects across school sites is derived from a random slopes multilevel model that allows 
the Adaptive Treatment effect to vary across schools. P-values below 0.006 are significant when applying the Benjamini-Hochberg (BH) correction at a 5% false 
discovery rate. MAP = Measure of Academic Progress. EOG = End-of-grade.  
aFor all researcher-developed assessments, we used Expected a Posteriori latent trait scores derived from a two-parameter logistic IRT model as our outcome 
variables, standardized to mean 0 and standard deviation 1 in our sample.  
*p < 0.05, **p < 0.01. 
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Table 6 
 
Fidelity of Implementation: Differentiation in Teacher Strategies for Promoting Asynchronous Activities in Adaptive and Core 
Treatment Conditions (N = 95) 
 

Variable Adaptive treatment 
(n = 48) 

Core treatment 
(n = 47) 

Adaptive treatment 
effect 

 M SD M SD b SE 
Digital app activities       

Modeled use of the app library 4.11 1.18 3.91 1.19 0.27 0.20 
Encouraged students to complete app activities 4.32 1.04 3.94 1.22 0.37† 0.20 
Set expectations books or minutes 3.45 1.41 3.47 1.23 0.08 0.23 
Set aside instructional time to work on the app 3.70 1.44 3.72 1.14 0.11 0.22 
Communicated with families about the app 3.59 1.39 3.55 1.23 0.08 0.22 
Provided opportunities to share experience with the app 3.26 1.42 3.09 1.21 0.19 0.24 
Followed up with students not completing activities 3.74 1.22 3.32 1.14 0.55** 0.20 

Print-based books/trifolds activities       
Modeled use of the trifolds 2.35 1.45 1.83 1.24 0.48* 0.21 
Set expectations for the number of trifolds 2.40 1.40 1.81 1.23 0.55* 0.22 
Set aside instructional time to work on the trifolds 2.21 1.50 1.89 1.36 0.30 0.22 
Communicated with families about trifolds 2.49 1.38 1.91 1.30 0.53* 0.22 
Provided opportunities to share experience with trifolds 2.17 1.39 1.91 1.24 0.31 0.22 
Followed up with students not completing activities 2.06 1.46 1.83 1.24 0.29 0.21 

Note. †p < 0.10, *p < 0.05, **p < 0.01. P-values below 0.003 are significant when applying the Benjamini-Hochberg (BH) correction at a 5% false 
discovery rate. 
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Table 7 
 
Fidelity of Implementation: Responsiveness Reflected in Student-Teacher Interaction in Adaptive and Core Treatment Conditions 

  
Student-teacher interaction 
dimensions 

Adaptive treatment  Core treatment Adaptive treatment 
effect 

M SD M SD b SE 
Engagement 2.95 0.67 2.25 0.60 0.77** 0.22 
Feedback 3.46 0.45 2.71 0.68 0.80*** 0.17 
Questioning 3.07 0.74 2.26 0.40 1.00*** 0.20 

Note. **p < 0.01, ***p < 0.001. P-values below 0.02 are significant when applying the Benjamini-Hochberg (BH) correction at a 5% false 
discovery rate. 
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Figure 1 
 
A Quadrant Framework for Teacher Adaptations and Fidelity in Interventions 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Note. Source from J. Kim & Mosher (2023) 
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Figure 2 
 

Consort Diagram for the Randomization Process 
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