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MATH INTERVENTION REPLICATION 2 

Abstract 

The purpose of this study was to conduct a replication study of a kindergarten 

mathematics intervention, ROOTS, delivered within the context of a research base core program. 

In the study, sixty two classrooms were randomly assigned to treatment (ROOTS) or a business 

as usual control. All classrooms implemented a research based core program (Early Learning in 

Mathematics). Participants included 163 treatment students and 145 control students nested 

within classrooms. Key differences between the current replication study and the original study 

included geographical region, instructional context, and student initial skill. In contrast to the 

significant positive effects (Hedges’ g values of .30 to .38) found in the original study, no 

significant differences were found between the treatment and control conditions. Pretest skills 

did not moderate treatment effects. Implications for replication research and evaluating 

intervention efficacy are discussed. 
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A Conceptual Replication of a Kindergarten Math intervention Within the Context of a 

Research-Based Core 

Replication research is essential to the scientific process and ensuring the credibility of 

any findings generated from initial research efforts (Schmidt, 2009). Replication research 

supports the generalizability of hypotheses generated from initial research (Schmidt, 2009) and 

serves to not only affirm scientific understanding of the findings replicated, but to expose 

methodological biases and insufficiencies within the initial study (Makel & Plucker, 2014). 

Replication strengthens the credibility of previous research findings and informs policy decisions 

regarding educational practice at multiple levels (NSF & IES 2018). However, replication studies 

remain undervalued in the field of educational research. While replication work is essential for 

increasing confidence in the results generated through education research, it is often avoided due 

to notions that the work is not original, publishable, or prestigious within the research 

community (Makel & Plucker, 2014). The dire state of replication in education is gaining 

increased attention and focus. In 2018, the National Science Foundation and the Institute of 

Education Sciences (NSF & IES 2018) issued an explicit call for increased “reproducibility and 

replication” of education research (NSF & IES 2018).   

The lack of replication is of particular concern within the context of intervention work 

designed to meet the needs of students with or at-risk for learning disabilities. While there is a 

growing body of evidence on effective interventions and instructional approaches (Gersten, 

Beckmann, et al., 2009; Nelson & McMaster, 2019), findings in intervention research must be 

replicated across a range of educational contexts in order to establish confidence that academic 

interventions can be used widely in practice, (Makel & Plucker, 2014). Replication allows the 

research community to examine whether results from previous research stand when settings and 
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contextual factors vary, resulting in a convergence of evidence regarding a treatment or treatment 

approach (Coyne et al., 2016; Coyne et al., 2013). Replication work also offers unique 

opportunities to fully explore the robustness of previous research findings and the conditions 

under which an intervention will work and for whom (Doabler et al., 2016). Despite the 

importance of replication, few intervention studies have been systematically replicated, in 

particular within the field of special education (Chhin et al., 2018; Cook et al., 2014; Makel et 

al., 2016).   

There are two types of replication studies: direct replications and conceptual replications 

(Coyne et al., 2016; Makel et al., 2012; Schmidt, 2009). Direct replications attempt to hold 

constant all aspects of the treatment, and are conducted using the same methods and under the 

same conditions as the original research. Direct replications in the field of education research are 

rare because they are difficult, if not impossible, to conduct given the complicated environments 

of schools. A more feasible option for educational researchers is to conduct closely aligned 

conceptual replications (Coyne et al., 2016). Closely aligned conceptual replications typically 

vary from the original study on one or two elements and are conducted to verify whether findings 

generalize across settings, conditions, and participants (Schmidt, 2009). If the variations are 

minimal, conceptual replications can demonstrate similar capacity as direct replications. For 

example, a closely aligned replication can determine whether treatment effects demonstrated in 

the original study replicate in a different geographical region (Coyne et al., 2013). Conceptual 

replications are beneficial for informing both effective educational policy making and usage of 

interventions as they provide evidence of the generalizability of interventions, which ultimately 

leads to a greater understanding of their outcomes and efficacy with students of varied 

sociodemographic backgrounds (NSF & IES 2018). IES, a primary federal funding source for 
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education research, has explicitly called for replication studies in the field since 2004 and the 

goals of the Education and Special Education Research Grants program under the ESRA call for 

“replication of interventions with prior evidence of efficacy” (Chhin et al., 2018). Replication 

studies are of particular value in areas and times of critical academic development (Coyne et al., 

2016) such as the during the transition to school and the learning of early mathematics (Gersten, 

Beckmann, et al., 2009). The current study represents a conceptual replication that tested the 

efficacy of a kindergarten mathematics intervention program developed and studied with support 

from IES.  

Mathematics Development and Intervention 

Mathematical proficiency is critical in today’s ever-changing, increasingly complex 

society (Frye et al., 2013; National Research Council, 2001, 2009). Unfortunately, data from the 

National Assessment of Educational Progress (NAEP) indicates that U.S. students are not 

achieving mathematical proficiency including those with or at-risk for learning disabilities 

(2019). Low achievement levels in mathematics are especially alarming in light of findings that 

math difficulties begin early, are persistent, and predictive of later outcomes. Converging 

research shows that children’s early knowledge of math strongly predicts their later success in 

math, with children who begin with the lowest achievement levels showing the lowest growth in 

mathematics across time (Bodovski & Farkas, 2007; Duncan et al., 2007; Hanich et al., 2001; 

Morgan et al., 2009). Importantly, there is evidence that these long term trajectories can be 

altered (Morgan et al., 2014) and that early growth in mathematical ability can be a stronger 

predictor of mathematics skill than initial mathematics ability (Watts et al., 2014).  

Given the importance of early mathematics and the potential to alter long term 

trajectories, attention has turned to identifying effective mechanisms for improving student 
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mathematics proficiency including a growing body of research focused on identifying the most 

effective ways to teach mathematical skills to struggling learners in the early elementary grades. 

This research suggests that an in-depth understanding of the whole number system is a critical 

first step in achieving proficiency in more sophisticated mathematics, such as rational numbers 

and algebra (Gersten, Beckmann, et al., 2009; National Council of Teachers of Mathematics, 

2006; National Mathematics Advisory Panel, 2008; National Research Council, 2001). Several 

researchers have developed, evaluated, and found positive impacts for intervention curricula 

targeting early number sense and foundational whole number concepts (e.g. Bryant et al., 2008; 

Clarke et al., 2014; Dyson et al., 2013; Fuchs et al., 2005; Sood & Jitendra, 2013). As a solid 

evidence base has emerged on early mathematics interventions, greater interest has been placed 

on understanding the conditions under which interventions work and for whom (Miller et al., 

2014). This implies the need for more nuanced studies, including replications.  

The purpose of the current study was twofold.  First, we wanted to conduct a conceptual 

replication to demonstrate the importance of replication research in gaining a better 

understanding intervention impacts. To do so, our second purpose was test the efficacy of a Tier 

II kindergarten mathematics intervention program (ROOTS) delivered in the context of an 

evidence-based Tier I core mathematics curriculum (ELM). A previous investigation of the 

intervention (Clarke et al., 2016) provides initial treatment effects for ROOTS. The initial study, 

which occurred in the 2009-10 school year, utilized a partially nested randomized controlled 

trial. A total of 140 students from 29 kindergarten classrooms across two school districts in the 

Pacific Northwest were randomly assigned to a treatment (ELM + ROOTS) condition (n = 67) or 

a control (ELM only) condition (n = 73). In the treatment condition, the 50-lesson ROOTS 

intervention was delivered to small groups of eligible students 3 times per week for 16 to 20 
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weeks during the second half of the school year. Students in the treatment condition received the 

ROOTS intervention in addition to core mathematics instruction provided with the ELM 

curriculum. Control students received only the ELM core mathematics curriculum.  

Overall effects of the ROOTS intervention on mathematics achievement were assessed 

using a mixed model Time × Condition analysis (Murray, 1998) designed to account for students 

nested within classrooms.  Results indicated that students in the ROOTS treatment condition 

improved from fall to spring at a statistically significant greater rate than students in the control 

condition on one of the two distal measures (i.e., the Test of Early Mathematics Achievement 

standard scores), but not the EN-CBM. On both measures, ROOTS students demonstrated 

substantively important positive effects (What Works Clearinghouse, 2011) with Hedges’ g 

values of .38 for the TEMA standard score and .30 for the EN-CBM.  

We consider the current study as a closely aligned replication based on the degree of 

overlap with the initial study. Similar to the original investigation, the current study tested the 

same intervention and used the same outcome measures and statistical analyses. Both studies 

employed a partially nested randomized controlled trial and applied the same criteria for 

determining students’ eligibility for the intervention. In both studies, teachers nominated the five 

lowest-performing students or those who would benefit most from a small-group math 

intervention. Intervention dosage levels were the same across studies, with district-employed 

personnel delivering the ROOTS intervention in small-group formats at the same frequency. 

The current study evaluated the impact of the ROOTS intervention in a different 

geographical region. Clarke et al. (2016) conducted the initial study in the Pacific Northwest, 

while the current replication study took place in Texas. The student sample and instructional 

context for the replication study also differed from those in the initial study. For example, one 
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key instructional difference between sites was the duration of the core math block that was 

provided outside of ROOTS intervention groups. Recognizing these contextual and instructional 

differences, the new research sites were expected to offer a unique counterfactual. Thus, positive 

findings from the replication would increase the credibility and generalizability of the 

intervention’s impact on student mathematics outcomes.  

The following research questions were addressed as part of the replication study: 

1. What is the impact of the Roots program on mathematics achievement of at-risk 

students? 

2. Do Roots students reduce the achievement gap with their non-at-risk peers by making 

greater gains than their non-at-risk peers? 

Method 

Design 

This study involved full-day kindergarten teachers who had participated in a study of the 

ELM core mathematics program (Clarke et al., 2011). Classrooms were assigned randomly to 

condition, and then within classrooms teachers selected students whom teachers expected would 

most benefit from small group instruction. Specifically, classrooms were randomly assigned to 

treatment or control conditions, blocking on teachers’ prior experience with ELM. That is, we 

randomly assigned teachers with 1 year of ELM experience to ROOTS or control and then 

randomly assigned teachers new to ELM implementation to ROOTS or control. In schools with 

multiple classrooms, we also assigned classrooms to condition within school. Blocking, also 

called stratification, on ELM experience and school experimentally controls for biases that might 

stem from systematic differences between conditions (e.g., more ROOTS teachers with no prior 

ELM experience). A total of 62 classrooms were included: 32 in the treatment condition (ELM + 
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ROOTS) and 30 in the control condition (ELM only). Teachers were asked to nominate the five 

lowest performing students or those who would most benefit from a small-group math 

intervention. The nomination process entailed a three-step process. First, to be considered 

eligible for the intervention, a student had to have a pretest score below the 40th percentile on the 

Test of Early Mathematics Ability–Third Edition (TEMA-3). The use of the 40th percentile cut 

score was based on designation of risk status in widely used screening systems (Kaminski et al., 

2008) and evaluations of comprehensive core programs (Gamse et al., 2008) including the ELM 

program (Clarke et al., 2011) From those students who qualified for intervention, teachers were 

provided with student scores from a battery of curriculum based measures that assessed students’ 

number proficiencies (see “Measures” section). Teachers then selected up to five students who 

demonstrated low performances on the number sense measures. Teachers nominated 308 

students as eligible for small-group instruction, with 163 students in intervention classrooms and 

145 students in control classrooms. Forty-two teachers identified five students, one teacher 

identified three, eleven teachers identified four students, five identified six, and three identified 

three students, with the deviations from five students split similarly across conditions. Classroom 

teachers in both conditions provided whole class ELM instruction throughout the year for all 

students, and treatment and control classrooms provided the same amount of daily mathematics 

instruction. In intervention classrooms (ELM + ROOTS), the “ROOTS students” received all of 

the whole-class ELM instruction. On 3 days per week, however, instead of practicing that day’s 

ELM topics independently at the end of the lesson (i.e., math practice worksheets), they received 

ROOTS instruction. Given that ROOTS was not offered in control classrooms, nominated 

control students participated in whole class ELM instruction, 5 days per week, including all of 

the individualized math practice. We controlled for time by delivering the ROOTS instruction 
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during the individual, worksheet-based math practice portion of ELM in treatment classrooms. 

ROOTS instruction began in January and continued until the end of May. Trained instructional 

assistants provided ROOTS instruction. 

Participants 

Instructional Assistants. A total of 14 instructional assistants (IAs) participated in the 

study; 11 were female and 6 identified themselves as White, 3 identified themselves as Hispanic, 

and 5 identified themselves as African American. IAs were included in the study based on time 

and schedule availability. 9 of the IAs had college degrees, of whom 5 held current teacher 

certifications in elementary education. With respect to the remaining 5 IAs, 1 held an associate’s 

degree and 4 were high school graduates. 9 of the IAs had completed college level coursework in 

mathematics. In this sample, 2 of the IAs had 5 or more years’ experience, 2 had between 1 and 4 

years’ experience, and 10 had less than 1 years’ experience. It is important to note that all IAs 

were employed by the participating school districts. 

Students. All participating schools were pulled from one school district in Dallas, Texas. 

Within the district, 5% of students were White, 68% Hispanic, 26% Black, and 1% other. 86.8% 

of students in the district were eligible for free or reduced lunch. Within the ROOTS condition, 

50% of students were male, 14% were English learners, and the average age was 66.3 months 

(SD = 3.9). Among control participants, 55% were male, 18% were English learners, and their 

average age was 67.1 months (SD = 4.2). Of the 283 students with a TEMA percentile rank at 

pretest, 53% scored at or below the 10th percentile, with 50% of students in ROOTS classrooms 

and 56% of students in control classrooms falling below the 10th percentile. 

The sample also included 1,315 students who were not eligible for ROOTS, with 658 in 

intervention classrooms and 657 in control classrooms. Within the intervention classrooms, 49% 
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of students were male, 17% were English learners, and the average age was 67.5 months (SD = 

4.0). Among control participants, 49% were male, 25% were English learners, and their average 

age was 67.3 months (SD = 3.9). All of these students received ELM instruction, and none of 

these students participated in ROOTS. 

Measures 

Fidelity of Implementation. Online logs completed by the 14 IAs who delivered the 

ROOTS intervention revealed that groups generally completed all 50 ROOTS lessons during the 

year. Trained research staff also directly measured implementation fidelity using a standardized 

observation instrument. The observation instrument was specifically designed to target 

mathematics activities within each lesson of the ROOTS curriculum. During the observations, 

observers coded whether IAs taught key design components prescribed within each lesson 

activity. 

All observations were scheduled in advance and observers coded fidelity of 

implementation data for the duration of the assigned 20-min instructional time periods. Each 

ROOTS group was observed 3 times over the course of the study, with approximately 4 

to 5 weeks separating each observational round. For each prescribed lesson activity, observers 

rated implementation fidelity using a 3-point rating scale, where a score of 1.0 represented full 

implementation, 0.5 represented partial implementation, and 0.0 indicated an activity was not 

taught. Fidelity scores were computed as the mean across all lesson activities. The mean across 

the three observations per ROOTS group were used as an overall indicator of implementation 

fidelity. IAs demonstrated high fidelity scores for prescribed lesson activities with very little 

variability (M = .96, SD = .07).  
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Instructional Logs. All participating teachers (treatment and control) completed online 

instructional logs once every two weeks during the study. Logs were completed approximately 

12-15 times during the school year. Teachers reported on their most recent math lesson by noting 

the lesson format, group size and type, lesson duration, mathematics vocabulary words used, and 

the specific content and skills taught during the lesson. Each log took approximately 15 minutes 

to complete. 

Test of Early Mathematics Ability. TEMA (Pro-Ed, 2007) is a norm-referenced 

individually administered measure of early mathematics for children ages 3 to 8 years 11 

months. The TEMA is designed to identify student strengths and weaknesses in specific areas of 

mathematics. The TEMA measures both formal mathematics and informal mathematics 

including skills related to counting, number facts and calculations, and related mathematical 

concepts. The test authors report alternate-form reliability of .97, and test–retest reliability ranges 

from .82 to .93. Concurrent validity with other criterion measures of mathematics is reported as 

ranging from .54 to .91. 

Early Numeracy Curriculum-Based Measurement. EN-CBM (Clarke & Shinn, 2004) 

is a set of four measures based on principles of curriculum-based measurement (Shinn, 1989). 

Each 1-min fluency-based measure assesses an important aspect of early numeracy development 

including magnitude comparisons and strategic counting. The EN-CBM measures have been 

validated for use with kindergarten students including established validity with other measures of 

early mathematics including the Number Knowledge Test and the Stanford Achievement Test 

(Chard et al., 2008; Chard et al., 2005). The Oral Counting measure requires students to orally 

rote count as high as possible without making an error. Concurrent and predictive validities 

range from 46 to .72. The Number Identification measure requires students to orally identify 
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numbers between 0 and 10 when presented with a set of printed number symbols. Concurrent 

and predictive validities range from .62 to .65. The Quantity Discrimination measure requires 

students to name which of two visually presented numbers between 0 and 10 is greater. 

Concurrent and predictive validities range from .64 to .72. The Missing Number measure 

requires students to name the missing number from a string of numbers (0–10). Students are 

given strings of three numbers with the first, middle, or last number of the string missing. 

Concurrent and predictive validities range from .46 to .63. 

Procedures 

Data Collection. All measures were individually administered to students. Trained staff 

with extensive experience in collecting educational research for research projects administered 

all student measures. All data collectors were required to obtain interrater reliability coefficients 

of .90 prior to collecting data with students. Follow-up trainings were conducted prior to each 

data collection period to ensure continued reliable data collection. Student assessment protocols 

were processed using Teleform, a form processing application. Tests of Teleform scoring 

procedures of assessment protocols from previous research projects reveal high reliability values 

(i.e., .99) relative to assessor-scored protocols (.95). 

ROOTS Intervention. ROOTS is a Tier 2 kindergarten intervention program that was 

designed to be delivered by IAs in small-group instructional formats (5:1 student to teacher 

ratio), 3 times per week, for 16 to 20 weeks during the second half of the school year. In contrast 

to the control condition (ELM only), ROOTS differs on a number of key variables. First, 

ROOTS is taught in small groups, whereas ELM is taught to the whole classroom. ELM occurs 

every day and contains 120 lessons. ROOTS occurs 3 days per week and contains 50 lessons. 

ROOTS exclusively focuses on content associated with whole number understanding. In 
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contrast, ELM covers content in whole number understanding, geometry and measurement and 

thus is broader in content coverage than ROOTS. The goal of ROOTS is to support students’ 

development of procedural fluency with and conceptual understanding of whole number 

concepts. The specific focus on whole number aligns with the CCSS (2010) and calls from 

mathematicians and expert panels for more focused and coherent Tier 1 curricula (NCTM, 2006; 

NMAP, 2008), and intervention programs designed to meet the needs of students at risk for 

MLD (Gersten, Beckmann, et al., 2009). ROOTS provides in-depth instruction in whole number 

concepts by linking the informal mathematical knowledge developed prior to school entry with 

the formal mathematical knowledge developed in kindergarten. The program includes 50 

lessons, approximately 20 min in duration. Each lesson consists of 4 to 5 brief math activities 

that center on three key areas of whole number understanding: (a) Counting and Cardinality, (b) 

Number Operations, and (c) Base 10/Place Value. Curricular objectives advance students from 

an initial understanding of whole number through more sophisticated aspects of whole numbers 

in kindergarten mathematics. For example, the first half of the curriculum addresses counting 

objects, identifying numbers, and counting on from a given number. In the second half, lessons 

focus on beginning computational methods, such as adding one to a number, and place value 

concepts, such as using base 10 models to compose and decompose teen numbers into one 10 

and so many ones. 

ROOTS incorporates the principles of explicit and systematic instructional delivery and 

design that have been empirically validated to improve the mathematics achievement of at-risk 

learners and students with learning disabilities (Baker et al., 2002; Gersten, Chard, et al., 2009). 

Explicit delivery principles include modeling and demonstrating what students will learn, 

providing guided practice opportunities, using visual representations of mathematics, and 
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delivering academic feedback. Systematic instructional design is the “behind-the-scenes” design 

activities (Kame'enui & Simmons, 1999; Simmons et al., 2007) that attend to the architectural 

features of a curriculum. Principles of systematic instructional design include prioritizing 

instruction around critical content, connecting new content with students’ background 

knowledge, selecting and sequencing instructional examples, and scaffolding instruction. 

ROOTS focuses intensely on the whole number standards identified in the CCSS (2010). When 

introducing students to new and difficult mathematics concepts and skills, for example, the 

program initiates instruction with simpler teaching examples. Once students demonstrate initial 

proficiency with targeted math content, instructional scaffolds are systematically withdrawn to 

promote learner independence. Finally, the program incorporates positive teaching examples 

along with a select number of nonexamples to promote students’ discrimination skills (Coyne et 

al., 2011). 

Professional Development. Participating IAs attended three professional development 

(PD) workshops focused on the ROOTS curriculum. The initial PD workshop targeted the 

instructional objectives of Lessons 1 to 25, the critical content of kindergarten mathematics 

(CCSS, 2010), small group management techniques, and the instructional practices that have 

been empirically validated to increase student math achievement (e.g., teacher provided 

academic feedback; Gersten, Chard, et al., 2009). In the second and third workshops a similar 

format was followed, except that the focus was on the second half of the ROOTS curriculum, 

Lessons 26 to 50. Workshops were 4 hr in length and were organized around three 

principles: (a) active participation, (b) content focused, and (c) coherence. On at least three 

occasions, IAs also received in classroom coaching from two expert teachers to increase 
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implementation fidelity. Implementation research shows that ongoing coaching enhances 

teachers’ sustained use of new instructional practices (Fixsen et al., 2005). 

Two former educators, who were knowledgeable in the science of early mathematics 

development and instruction, served as coaches during the study. Typical coaching visits 

included direct observation and post observation feedback focusing on instructional delivery and 

implementation fidelity. Some IAs received more than three coaching visits if they or the coach 

felt more support was warranted (e.g., when there were particularly pervasive student behavior 

problems or the IA struggled with lesson implementation). 

Statistical Analysis 

We assessed intervention effects on each of the primary outcomes with a mixed model 

(multilevel) Time × Condition analysis (Murray, 1998) to account for students nested within 

classrooms. Primary analyses included the students in each classroom identified as at risk for 

math difficulties by the classroom teacher. Because each classroom included only one small 

group, the classroom and small group are redundant for the sample used in the analysis. The 

analysis tests differences between conditions on change in outcomes from the fall (T1) to spring 

(T2) of kindergarten clustered within classroom. The specific model tests time, T, coded 0 at 

pretest and 1 at posttest, condition, C, coded 0 for control and 1 for ROOTS, and the interaction 

between the two with the following composite model. 

Ytjk = (γ000 + γ001Ck + γ100Ttjk + γ101TtjkCk) + (u00k + u10kTtjk + r0jk + etjk). 

Ytjk represents a score for assessment occasion t on individual j in classroom k. The model 

includes three predictors: time, Ttjk, condition, Ck, and their interaction. Given the coding of C 

and T, the model includes the pretest intercept for the control condition, γ000, the difference 

between conditions at pretest, γ001, the estimate of gains for the control condition, γ100, and the 
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difference in gains between conditions, γ101, the primary estimate of intervention efficacy. The 

model also includes four error variances: the classroom-level intercept, u00k, the classroom-level 

gains, u10kTtjk, the student-level intercept, r0jk, and the residual, eij. With only two assessments, 

the variances r1jkTtjk and etjk are redundant and cannot be simultaneously estimated. The model 

excludes the r1jkTtjk term (Murray, 1998). The student-level intercept, r0jk, is also equivalent to 

the within-student covariation between pretest and posttest assessments. With 62 classrooms, 

tests of time by condition used 60 degrees of freedom.  

Model Estimation. We fit models to our data with SAS PROC MIXED version 9.2 (SAS 

Institute, 2016) with maximum likelihood (ML) estimation. ML estimation for the Time × 

Condition analysis uses of all available data to reduce the potential for biased results even in the 

face of substantial attrition provided the missing data were missing at random (Schafer & 

Graham, 2002). Collins et al. (2001) demonstrated that sophisticated missing-data approaches, 

such as ML, do not introduce bias; the assumptions of the approach are relatively benign 

compared to complete case analysis (Allison, 2009; Schafer & Graham, 2002). In the present 

study, we did not believe that attrition or other missing data represented a meaningful departure 

from the missing at random assumption, meaning that missing data did not likely depend on 

unobserved determinants of the outcomes of interest (Little & Rubin, 2002). The majority of 

missing data involved students who were absent on the day of assessment (e.g., due to illness) or 

transferred to a new school (e.g., due to their family moving). 

Effect Sizes and Interpretation of Results. Hedges’ g values were calculated to 

characterize the magnitude of treatment effects (What Works Clearinghouse, 2017). In response 

to the recommendations of the American Statistical Association (Wasserstein & Lazar, 2016), we 

abstained from using bright-line rules, such as from claims of “statistical significance” when p < 
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.05. P values have an interpretation as a measure of incompatibility between the observed data 

and all assumptions of the statistical model including the null hypothesis, H0 (Greenland et al., 

2016; Wasserstein & Lazar, 2016). This cumbersome definition neither informs on which 

assumptions are incorrect nor the importance of the association. To complement p values and 

Hedges’s g values, we report Akaike weights (Akaike, 1973), which describe the strength of 

evidence for a one model when comparing it with others. Akaike weights—also called model 

probabilities—express the probability of a model given a set of competing models and the 

observed data (Burnham et al., 2011) and can be interpreted as the probability that the same 

model would be selected with a “replicate data set from the same system” (Burnham et al., p. 

30). They quantify the strength of evidence for each hypothesis, represented by a statistical 

model, given the data and all other hypotheses (models) tested. For each analysis, we compared 

models for two hypotheses, one with the intervention effect (HA) and one without (H0), and 

reported the Akaike weight, w, for the model with the condition effect (HA). With only two 

models, the model probability for H0, the model without the condition effect, is 1 – w. Hence, w 

= .75 suggests that the probability of HA is .75 while the probability of H0 is .25. This roughly 

corresponds to a result with p = .05, which implies the limited value of “just-significant” results 

(p ≈ .05). In such a case, the model for HA has an approximately 75% chance of being the best-

fitting model; in other words, the model for HA is only three times as likely as the model for H0 

given the data. 

Results 

Table 1 presents means, standard deviations, and sample sizes for the TEMA standard 

score, the TEMA percentile, and the EN-CBM by assessment time and condition. Below we 

present results for tests of attrition effects, ROOTS intervention impact, and additional analyses.  
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Joiners and Attrition 

We experienced no classroom-level attrition. Student nonresponse is defined as students 

with data at posttest but not at pretest (joiners) or data at pretest but not posttest (attrition). The 

study included 308 students, of which 260 (84.4%) provided data at both assessments, 17 (5.5%) 

provided data at posttest but not pretest (joiners), 24 (7.8%) provided data at pretest but not 

posttest (attrition), and 7 (2.3%) provided no data. The analyses exclude students with no data. 

Because a portion of students missed assessments for temporary reasons (e.g., illness), a portion 

(unknown) of joiners and attriters were present for the full school year.  

Joiners. Among students with posttest data, 6.5% were missing pretest data, with 6.0% in 

the control condition and 7.0% in the intervention condition. Although the differential rate of 

pretest nonresponse was small, the differential effects at posttest were not. On the posttest 

TEMA standard score, the 6.5% of students without pretest data differed between ROOTS and 

control conditions (96.2 versus 86.0; g = 0.73) substantially more so than students with pretest 

data (99.3 versus 88.9; g = 0.03). We therefor examined the effects of condition, attrition status, 

and their interaction on pretest scores within a mixed-model analysis of variance. The interaction 

between condition and pretest missingness indicated potentially troublesome joiner effects for 

the posttest TEMA (t60 = –2.21, p = .0309). The interaction between conditions and pretest 

missingness for on posttest EN-CBM scores indicated little influence of missingness (t60 = 0.10, 

p = .9242).  

Attrition. Among students with pretest data, the overall attrition rate was 8.5%, with a 

differential rate of 3.5%, with 6.7% among control students and 10.1% for ROOTS students. On 

the pretest TEMA standard score, the 8.5% of students without posttest data differed between 

ROOTS and control conditions (77.6 versus 71.3; g = 0.40) more so than students with posttest 
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data (81.6 versus 79.6; g = 0.12), but the interaction between condition implied minimal bias (t60 

= –0.06, p = .9540). The interaction between conditions and posttest missingness for on pretest 

EN-CBM scores indicated little influence of attrition (t60 = –0.32, p = .7473) even though the 

effect size for condition differences was larger for students without posttest data (g = 0.53) than 

students who remained in the study (g = 0.051).  

Interpretation. This joiner and attrition analysis should be interpreted in light of three 

important points. First, rates of attrition convey little about representativeness of the sample. 

“The proportions of the treatment and control groups that provide information are not 

particularly important, at least for internal validity. Nor does it matter whether the respondents 

differ systematically from the nonrespondents” (Foster & Bickman, 1996, p. 698). Second, fewer 

than 25 students contributed to the effect sizes estimates for students missing data, so the effect 

sizes have limited precision and should be interpreted with caution. Third, differences between 

conditions for both joiners and attrition favored the intervention condition, so students missing 

data at pretest appear to have been replaced by largely similar students at posttest. Maximum 

likelihood analyses with all available data may balance the effects of nonresponse and help 

minimize the potential for bias.  

Intervention Effects for ROOTS 

Among those students identified as eligible for ROOTS, we found limited support for 

differential gains among students provided with ROOTS compared to those in control 

classrooms on the TEMA standard scores (g = -0.09, 95% CI [-0.48, 0.29], t60 = −0.48, p = 

.6312, w = .29) and the EN-CBM total score (g = 0.12 [-0.18, 0.42], t60 = 0.79, p = .4315, w = 

.33). The effect sizes were small, and the model estimates for differences in gains between 

conditions were −1.2 for the TEMA standard scores and 5.9 for EN-CBM. See Table 2 for 
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complete model results. The model probabilities suggest that the hypothesis of condition effects 

was unlikely to describe the data; the models without condition effects had considerably higher 

weights of (1 – w) .71 and .67 for the TEMA and EN-CBM, respectively.  

Without support for conditions differences, we examined whether pretest scores may 

have moderated the intervention effects. To do so, we added the interaction between pretest 

scores and treatment condition to the models. This produced no appreciable moderation effect for 

the TEMA (estimate = -0.04, 95% CI [-0.20, 0.13], t60 = -0.44, p = .6611, w = .28) or the EN-

CBM (estimate = -0.074 [-0.328, 0.18], t60 = -0.58, p = .5623, w = .29). Here the model 

probabilities correspond to models with the moderator parameter compared to models without. 

Hence, they suggest low probabilities (.28 & .29) that the moderation models represent the 

approximating model for the data compared to models without moderators.  

Transitions between Risk Categories 

To address the practical implications of the effects of the ROOTS curriculum, we cross-

tabulated transitions between risk categories from pretest to posttest for students deemed eligible 

for ROOTS. The boundary between students at high risk compared to students not high risk was 

the tenth percentile on the TEMA. The tenth percentile was selected because it corresponds 

roughly to the percent of the student population that is eventually classified as learning disabled 

in mathematics (Geary, 2004). In this sample, 50.8% of students, 132 of 260, fell into the high-

risk category at pretest. Among the 132 high-risk students, 79.5% (105) transitioned to a lower-

risk category. The rates were nearly identical across conditions: 79.1% or 14 of 53 control 

students and 80.0% or 13 of 52 students who received ROOTS. Incidentally, of the 128 students 

not at high risk at pretest, one student in each condition transitioned to the high-risk category at 

posttest.  
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Discussion 

The present study tested the efficacy of the ROOTS intervention delivered as a 

supplement to an evidence-based core mathematics curriculum (ELM) that has previously 

demonstrated efficacy for improving math outcomes for at-risk learners (Clarke et al., 2011). The 

current investigation was a closely aligned conceptual replication of an earlier study (Clarke et 

al., 2016), which demonstrated a positive impact on the mathematics achievement of at-risk 

students when ROOTS was delivered in the context of ELM. Additional studies (Clarke et al., 

2017; Clarke et al., 2019; Clarke et al., 2020; Doabler et al., 2019; Doabler et al., 2016) have also 

demonstrated the efficacy of the ROOTS intervention across various geographic locations, 

populations, cohorts, and instructional contexts. Similar positive findings in the present study 

would have increased confidence in the generalizability of ROOTS treatment effects and 

contributed to a growing body of evidence supporting ROOTS as an evidence-based practice. 

However, the null findings of the present study contradict the results of Clarke et al. (2016), 

suggesting instead that the impact of the ROOTS program may be dependent upon other 

variables. 

There were several key differences between schools that participated in the current 

replication versus the initial study by Clarke et al. (2016). Schools in the replication served a less 

diverse student population with a smaller proportion of students from economically 

disadvantaged backgrounds. Schools in the Texas replication sample also had lower base rates 

for risk in mathematics than the Oregon schools in the initial study. In Oregon, 90% of the 

sample of students eligible for intervention scored in the high-risk range (below the 10th 

percentile) on the TEMA, whereas in Texas, only 51% of eligible students scored in the high-risk 

range. Relatedly, a larger percentage of students in the replication sample transitioned to a lower-
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risk category during the study. Of the 132 Texas students scoring in the high-risk range at 

pretest, nearly 80%, or 105 students, transitioned to a lower risk category by posttest, with 

similar distribution across control and intervention conditions (79.1% and 80.0%, respectively). 

Of the 52 Oregon students scoring in the high-risk range at pretest in the initial study, 

approximately 51% percent were no longer considered high risk at posttest, with 48% of control 

group students and 54.9% of students receiving ROOTS intervention transitioning to a lower risk 

category during the study.  

These differences in base rates for risk between samples indicate that the Texas 

replication sample contained many students who were more skilled in mathematics prior to 

intervention, whereas at-risk students in the initial Oregon sample were a higher-risk group with 

lower initial skills in mathematics. The difference in initial skill between the samples is further 

demonstrated by mean standard scores and percentile rank at pretest with a mean score of 68.9 

(percentile rank of 4.6) on the TEMA in the initial Oregon sample compared to a mean TEMA 

score of 80.2 in Texas (percentile rank of 19.1). Critically, multiple studies have found that 

initial math skill moderates response to the ROOTS intervention, with students with lower initial 

skills benefitting more from the intervention than at-risk peers with higher initial skills (Clarke et 

al., 2019; Clarke et al., 2020). This finding has been replicated in Massachusetts and Oregon 

with multiple cohorts of students. In this lower-risk replication sample, however, initial math 

skill was not a significant moderator of response to intervention. Taken together, these results 

suggest that in educational contexts with lower base rates of risk, when strong, explicit and 

systematic core math instruction is in place, ROOTS may have less of an impact on the outcomes 

of at-risk learners, regardless of their initial math skill. 
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As in the initial study, ELM instruction as a business-as-usual control presents a 

particularly strong counterfactual for the ROOTS intervention. ELM is a Tier 1 mathematics 

curriculum that was specifically designed to meet the needs of at-risk learners in ways that 

typical core curricula do not (Clarke et al., 2011; Doabler et al., 2012). The literature has 

established several instructional design features that contribute to improved outcomes for 

students with or at risk for math learning difficulties (e.g., Gersten, Beckmann, et al., 2009; 

NMAP, 2008). However, reviews of core mathematics curricula (e.g. Bryant et al., 2008; 

Doabler et al., 2012) indicated that these features are rarely built into Tier 1 math programs, 

suggesting that typical core instruction is unlikely to meet the needs of at-risk learners. ELM, on 

the other hand, incorporates research-based instructional design features intended to support 

student learning across a wide range of skill levels with supports tailored to the needs of at-risk 

students (e.g., extensive teacher scaffolding that is systematically faded as students move toward 

mastery). ELM also has a strong focus on developing conceptual understanding of whole 

numbers, integrating this critical content throughout its scope and sequence. This is consistent 

with recommendations made by the NMAP (2008) and NCTM (2006) that early math instruction 

target deep understanding of the most critical content, and contributes to substantial alignment 

between the ELM and ROOTS programs. ELM has previously demonstrated effectiveness in 

narrowing math achievement gaps between at-risk learners and their peers by accelerating 

growth among the lowest performing students and increasing rates of at-risk students 

transitioning to lower-risk status by the end of their kindergarten year (Clarke et al., 2011). 

Furthermore, while intervention dosage was identical across studies, schools participating 

in the replication study devoted more time to core mathematics instruction than those in the 

initial study. On average, classrooms in the replication study spent an additional 16 minutes per 
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day in core math instruction, with an average core math block of 68.9 minutes (versus 52.9 

minutes in the initial study). This represents a substantial difference (exceeding one standard 

deviation) in core math block duration. Considering the instructional context and student 

population of the current replication, the null findings suggest that the added benefit of an 

intensive intervention program like ROOTS in a lower-risk population may be diminished in the 

context of strong core instructional practices. In the current replication sample, it is plausible that 

the combination of an evidence-based core math curriculum designed to meet the needs of at-risk 

learners and a longer core math instructional block was already adequately addressing the needs 

of many lower-performing students. The lack of treatment effects observed here may reflect 

greater growth among at-risk control students rather than less growth among students receiving 

ROOTS. Pinpointing an exact cause for the different outcomes across studies is difficult and 

speaks to the need to carefully consider and document the counterfactual (Lemons et al., 2014). 

Doing so will enable a more nuanced understanding of intervention effects and may serve to 

drive future research.  

The divergent findings and contextual factors associated with the present and earlier 

studies of ROOTS effectiveness highlight the critical role of replication research within the 

intervention literature. Addressing questions such as how generalizable and robust an 

intervention’s effects are is an important goal of intervention research within a systematic 

framework of replication (Coyne et al., 2016). The null findings of the present study are valuable 

because they contribute to a more nuanced understanding of the specific populations for whom 

and conditions under which the ROOTS intervention may be most effective. There have been 

calls in the field to move beyond simply examining whether programs are effective and begin to 

who they are most effective for, for example, by examining individual-level moderating 
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variables, such as students’ initial skill (Fuchs & Fuchs, 2018). Studies designed to 

systematically examine the role of moderating variables would fit within a broader framework 

for replication work. 

The lack of comparable findings across studies of ROOTS also suggest interesting 

directions for future research addressing how contextual factors impact interactions among 

different tiers of support and decisions about matching supports to student needs. For example, 

the null findings here suggest that in a lower risk sample, when strong core instructional 

practices are in place, implementing an intensive Tier 2 intervention such as ROOTS may not be 

the best course of action to meet the learning needs of at-risk students. While designed as a Tier 

2 intervention, converging evidence suggests that the ROOTS program best meets the 

educational needs of students with significant skill deficits in mathematics (Clarke et al., 2019; 

Clarke et al., 2020). The present study further suggests that the learning needs of at-risk 

kindergarten students with higher initial math skills may be adequately met when core 

instructional time is maximized via evidence-based instructional supports that facilitate 

understanding of core content. In such contexts, supplementing core instruction with a less-

intensive, more cost-effective Tier 2 intervention may be sufficient to meet the needs of many at-

risk students. Alignment between intensity of student needs and provided services is an essential 

component of MTSS that optimizes use of resources to enhance student outcomes on a systems-

level. Future research could address these important issues by comparing intensive intervention 

programs, such as ROOTS, with less intensive Tier 2 supports across populations with varying 

base rates for risk in mathematics. This line of research, in conjunction with moderation research 

addressing what works for whom, could ultimately help guide school level decision-making 
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about which students should receive which services based on their unique profile of individual 

and contextual factors.  
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Table 1 

Descriptive Statistics for Mathematics Measures by Condition and Assessment Time 

  Intervention   Control  

Measure  Pretest Posttest  Pretest Posttest 

TEMA Standard Score M 81.22 99.07  79.05 98.11 

 (SD) (17.29) (12.35)  (16.77) (13.49) 

 N 148 143  135 134 

TEMA Percentile M 20.82 48.90  17.14 47.34 

 (SD) (24.59) (24.54)  (22.86) (26.51) 

 N 148 143  135 134 

EN-CBM M 49.99 155.84  46.65 146.31 

 (SD) (44.32) (46.06)  (41.30) (52.53) 

 N 149 143  135 134 

Note. TEMA = Test of Early Mathematics Ability. The TEMA percentiles were provided for descriptive purposes 
only; all analyses used the TEMA standard score. 
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Table 2 

Fixed Effect and Variance Component Estimates from the Test of Condition on Mathematics 

Outcomes, with Hedges’ g Values for the Time by Condition Effect 

Effect or Statistic 
TEMA 
Standard Score EN-CBM 

Model probability 
(w) 

 .26 .33 

Fixed effects Intercept 78.55 (2.05) 45.18 (6.36) 

 Time 19.30 (1.80) 100.79 (5.37) 

 Condition 2.63 (2.85) 4.34 (8.84) 

 Time × Condition -1.20 (2.50) 5.91 (7.46) 

Variances Classroom-Level Intercept 68.86 (18.96) 690.58 (185.21) 

 Classroom-Level Gains 27.96 (8.83) 258.78 (79.89) 

 Student-Level Intercept 41.59 (9.47) 435.90 (86.98) 

 Residual (Error) 87.05 (8.63) 736.15 (73.41) 

Intraclass 
correlation 

 .24 .26 

Hedges' g  
 
    95% CI 

Time × Condition -0.09 
 
[-0.48, 0.29] 

0.12 
 
[-0.18, 0.42] 

P value Time × Condition; .6312 .4315 

Degrees of freedom  60 60 
Note. Table entries show parameter estimates with standard errors in parentheses except for model probabilities 
(Akaike weights), intraclass correlation coefficients (ICCs), Hedges’s g values, and p values. The model 
probabilities indicate the likelihood of the model that contains the condition effect compared to the model without 
the condition effect given the data. Time is coded 0 for T1 and 1 for T2. Condition is coded 0 for control and 1 for 
ROOTS. All tests fixed effects used 27 df. In gain-score models, the residual is equivalent to the variance of the 
student-level gains. The ICC is defined as the variance for the classroom-level gains divided by the sum of the 
classroom-level and student-level (residual) gains (Murray, 1998).  
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