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Abstract
This study utilized a partially nested randomized control design to investigate the impact of
Fusion, a first grade math intervention. Blocking on classrooms, students were randomly
assigned to one of three conditions: a Fusion two student group, a Fusion five student group, or a
no treatment control group. Two primary research questions were examined: What was the
overall impact of the Fusion intervention as compared to a business-as-usual comparison
condition? and Was there a differential impact on student outcomes between the 2:1 Fusion and
the 5:1 Fusion conditions? Analyses found a positive effects on four outcome measures favoring
Fusion groups over control with two of the differences statistically significant. Results between
Fusion groups found positive effects favoring the Fusion 2:1 group compared to the Fusion 5:1
group on all four outcome measures with two of the differences statistically significant. On a
second grade follow up measure no difference was found between Fusion groups and control but
a statistically significant difference was found between Fusion groups favoring the 2:1 Fusion

group. Future research directions and implications for practice are discussed.

Keywords: Math, Numeracy, Intervention, Group Size
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Examining the Impact of a First Grade Whole Number Intervention by Group Size
The importance of a successful start to learning mathematics has been a national priority

for several decades (National Mathematics Advisory Panel, 2008; National Research Council,

2001). Mounting evidence indicates that trajectories of mathematics performance are relatively

stable across time (Jordan et al., 2010; Morgan et al., 2016; Morgan et al., 2009). Unfortunately,

opportunity gaps in mathematics are persistent and wide. Data compiled from the National
Assessment of Educational Progress (NAEP) over the past 15 years indicate a consistent score
gap of 22-24 points between students eligible and not eligible for the National School Lunch
Program (National Center for Education Statistics [NCES], 2019). This may in part be due to
substantial disparities in young students’ access to early mathematics experiences and instruction

(Anders et al., 2012), with preschool-aged students from upper- and middle-class backgrounds

already outperforming their economically disadvantaged peers (Griffin et al., 1994; Morgan et

al., 2016; Saxe et al., 1987; Starkey et al., 2004). The end result is that large numbers of students,

especially those from marginalized and underserved communities, lack the necessary skills to
engage in more advanced mathematics as they progress in their schooling.
Early Mathematics Instruction

Contributing to the struggle that students experience as they enter formal mathematics
instruction in kindergarten is the transition from informal to formal mathematics (Gersten &

Chard, 1999). For example, students must map their informal understanding of number or

number concepts (e.g., recognizing a group of three objects) onto abstract representations such as
numerals (e.g., the numeral “3”). Within the fields of mathematics and special education,
significant strides have been made over the past several decades for developing strong

intervention programs at the kindergarten level. Numerous mathematics intervention programs



First-Grade Math Intervention

have focused specifically on the development of whole number skills to ease the transition from
informal to formal mathematics and to support students at risk for mathematics difficulties in

developing mathematics proficiency (Clarke et al., 2016; Dyson et al., 2013; Sood & Jitendra,

2013; Wilson et al., 2009).

While a focus on developing strong kindergarten intervention curricula is undoubtedly
important, these targeted efforts may be insufficient to permanently alter long term learning
trajectories. One concern is the alignment of intervention programs to content standards as

specified in the Common Core State Standards-Mathematics (CCSS-M; National Governors

Association Center for Best Practices, Council of Chief State School Officers, 2010). Emerging

evidence suggests that the content covered in kindergarten is largely already known by students
and that covering this basic mathematics content is negatively associated with student learning

(Engel et al., 2016). If intervention programs in kindergarten are not sufficiently challenging,

students may be inadequately prepared for the significant increase in expectations and the more
challenging content encountered in first grade and beyond (CCSS-M, 2010) . Mathematics
content in first grade is increasingly complex and requires students to engage in higher-order
thinking and flexible problem-solving with numbers. A brief review of the CCSS-M (2010)
reveals a sizeable increase in what students are expected to know and demonstrate in first grade
compared to kindergarten. For example, in kindergarten, the Number and Operations in Base 10
standards require students to build foundations for place value understanding for numbers 11
through 19. In first grade, this is expanded to understanding place value for any two-digit
number, using place value understanding to add and subtract within 100, and using this
knowledge to perform operations such as subtracting multiples of 10 from numbers in the 10-90

range. The accelerated learning progression from kindergarten to first extends into second grade.
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For example, by the completion of second grade, students are expected to apply their
understanding of place value, properties of operations, and the relationship between addition and
subtraction to fluently add and subtract within 100, and to be able to add and subtract within
1000. Consequently, first-grade instruction and intervention programs must be designed to
ensure that any deficits from kindergarten are addressed, first-grade content is learned, and the
foundation for second grade is firmly established.

Despite the increased complexity and importance of first-grade mathematics, only a
handful of researchers have investigated intervention programs at this grade level. Fuchs et al.
(2005) evaluated Number Rockets, a small-group tutoring intervention delivered in groups of
two to three at-risk first graders. The program centered on building conceptual understanding of
mathematical ideas through the use concrete models and manipulatives. Number Rockets
consisted of 17 topics taught in 45 sessions conducted over a 16 week period (approximately 3
sessions per week). The 17 topics included a focus on understanding magnitude through the use
of a number line, building an understanding of the base 10 system and place value,
understanding the concepts of addition and subtraction, and building fluency with basic facts.
The program utilized an explicit and systematic instructional design framework (Gersten et al.,
2009) with an emphasis on teacher modeling, opportunities to respond, and academic feedback.
Each lesson was 40 minutes in length with the final 10 minutes focused on practice with math
facts. The researchers primarily used graduate student tutors to implement the program and held
weekly coaching sessions to ensure high levels of fidelity to the program. Positive impacts were
observed on seven measures representing a range of proximal and distal measures, ranging from
0.11 to 0.70 standard deviations, with six of the seven impacts reaching statistical significance.

Across sessions and tutors a high level of implementation fidelity was maintained. A replication
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study of the Number Rockets program, conducted by Rolfthus et al. (2012), was implemented

across four states. The researchers used conditions more closely approximating authentic
educational conditions (e.g., tutors hired from the community, a more typical professional
development model). Results indicated a slightly lower levels of fidelity but the program still had
a positive effect (g = .34) on a distal general measure of mathematics achievement.

Another evaluation of a first-grade mathematics intervention program was conducted by
Bryant and colleagues (2008) using a regression-discontinuity design. The researchers evaluated
the effects of a Tier 2 mathematics tutoring program aligned with the Texas Essential Knowledge
and Skills standards, taught in groups of four to five students. Program content included counting
up/back, number recognition and writing (0-99), number relationships of one and two more/less,
understanding base 10 and initial place value, and basic addition and subtraction combinations
through the learning of counting and decomposition strategies, number properties, and fact
families. An explicit and systematic instructional framework was used and was coupled with an
extensive use of a concrete-semi-concrete-abstract (CSA) to model and teach critical concepts

(Butler et al., 2003). The program was taught four days per week across 23 weeks by two

experienced tutors (one doctoral student and one former kindergarten teacher) who had taught
the program previously for two years. Biweekly training on upcoming lessons was provided to
the tutors, lasting two hours each session. The researchers found a significant and positive main
effect across two of the four researcher-developed measures of the Texas Early Mathematics
Inventories: Progress Monitoring, including number sequencing (£ =.19) and a timed
addition/subtraction measure (= .20). An interaction effect was observed on the magnitude
comparison measure benefitting students with lower initial pretest scores. No effect was

observed on a measure of place value.
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More recently, Clarke et al. (2014) conducted a pilot study of Fusion, a Tier 2, 60-lesson

first-grade mathematics intervention program. Fusion is focused exclusively on whole number
understanding and uses an explicit and systematic design with fully scripted lessons to promote
high levels of implementation fidelity. Interventionists included nine experienced district
employees who taught the program to groups of approximately five students. Lessons lasted 30
minutes each and were taught three to four days per week, across 20 weeks. The researchers
found a significant effect size of Hedges’ g = 0.82 on a proximal assessment focused on
conceptual understanding. Effect sizes, while not significant, on two distal outcome measures
were small and positive (g = 0.11 to 0.14). Collectively to date, the efforts of researchers to study
first grade mathematics interventions indicate both general promise but also the need to study
more nuanced aspects of intervention programs and their use within school systems.
Supporting Early Mathematics through Multi-Tier Systems of Support

The provision of intervention programs in school systems is often linked to multi-tier
systems of support (MTSS) designed to provide strong core instruction, screening systems to

identify students at-risk, and with corresponding interventions and monitoring of student

response to those at-risk students (Witzel & Clarke, 2015). Fundamental to these systems is a

focus on intervention intensity with intervention intensity increased based on the severity of a

student’s need and their response to instruction (Fuchs et al., 2018). One mechanism to increase
treatment intensity is providing students instruction in groups of decreasing size as the severity
of the academic deficit increases. In the traditional MTSS model, this means that group size in

Tier 3 is smaller than group size at Tier 2 (Vaughn & Swanson, 2015). The decrease in group

size enables greater individualization of instruction and an increase in key teacher and student

behaviors hypothesized to support student acquisition of critical instructional content (Codding
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& Lane, 2015). The research base has identified key teacher-student interactions (Baker et al.

2002; Doabler et al., 2015; Gersten et al., 2009) that positively impact student mathematics
achievement (e.g., teacher models, individual student response opportunities). These interactions
can be provided at greater rates within the context of smaller instructional formats or groups.
Yet, the provision of smaller groups comes with real and significant opportunity costs to schools

(Clarke et al., in press). Given these costs, researchers have begun to explore the role of group

size in understanding for whom and under what conditions interventions are effective in MTSS

models (Fuchs & Vaughn, 2012).

The vast majority of the work examining group size has been conducted in the area of
reading. Utilizing a randomized control trial, Vaughn et al. (2003) randomly assigned second-
grade students at-risk in reading to one of three conditions: (a) 1 to 1 instruction, 1:1; (b) a small
group of three students, 1:3; or (¢) a small group of 10 students, 1:10. In each condition, students
received the same intervention focused on critical early literacy skills including phonological
awareness, word study, reading fluency, and comprehension. The duration of the intervention
was kept constant (i.e., 58 30-min sessions). The use of a standard intervention of set duration
across conditions allowed a systematic examination of the impact of group size on student
outcomes. Across a range of reading outcome measures significant differences were found
between the two smallest groups (1:1 and 1:3) and the 1:10 group. However, Vaughn et al. 2003
reported no differences between the two smallest groups. Results were similar across
monolingual English speakers and English learners. In a study of middle school students, at-risk
seventh and eighth graders were randomly assigned to large (10-12:1) or small (2-5:1) groups

(Vaughn et al., 2010). The study also included a school-based intervention condition. Treatment

content and duration were kept constant within the large and small groups. Although more
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difficult to evaluate due to a lack of overall significant positive results, no significant group size
differences were found on a range of reading outcome measures. In an analysis of interventions
targeting oral reading fluency, Begeny and colleagues (2018) found that when interventions were
comparable, 79% of students performed equally well in a small group as in a 1:1 instructional
setting.

Although there is interest in documenting aspects of treatment intensity in mathematics

(DeFouw et al., 2018) to date there have been limited efforts to investigate the impact of group

size on student outcomes. Clarke and colleagues (Clarke et al., 2012-2016; Clarke et al., 2017;

Doabler et al., 2019) conducted a systematic examination of the impact of a kindergarten

mathematics intervention, ROOTS, and group size. ROOTS is a comprehensive intervention
consisting of 50 lessons (20 min each) focused on building an in depth understanding of whole
number concepts and skills. Using a partially nested randomized control trial, students within
classrooms were randomly assigned to one of three conditions (a ROOTS 2:1 group; a ROOTS
5:1 group; or a no treatment control). Overall findings indicated significant positive impacts for
ROOQOTS on a range of proximal and distal measures of mathematics achievement between
treatment and control but no significant differences between the two treatment groups of varying
sizes (Clarke et al., 2020).

The purpose of the current study was two-fold. First, we sought to examine the overall
impact of a first-grade mathematics intervention, FUSION, focused on whole number concepts
and skills. This first purpose contributes to the limited but growing research base on first-grade
mathematics interventions. The second purpose was to examine whether differences in group

size resulted in differing levels of critical teacher-student instructional interactions and student



First-Grade Math Intervention 10

mathematics outcomes. The second purpose sought to provide insight into how to allocate finite
resources within MTSS service delivery systems to best support student achievement.
Research Questions
1. What was the overall impact of the Fusion intervention as compared to a business-as-
usual control condition?
2. Was there a differential impact on student outcomes between the 2:1 Fusion and the
5:1 Fusion conditions?
3. Was there a differential impact on the observed quantity or quality of explicit
instructional interactions between the 2:1 Fusion and 5:1 Fusion conditions?
Based on previous results from studies of the ROOTS intervention (e.g., Clarke et al.,
2020), we hypothesized that (a) the Fusion intervention program would positively impact student
outcomes (b) there would be differences on rates of practice type across the small group
conditions and (c) there would be no difference on student mathematics outcomes between the
small group conditions.
Method
Research Design and Context
This study analyzed data collected from the first two cohorts of a multi-year, four-cohort
federally-funded efficacy project involving the Fusion intervention, a Tier 2 first-grade

mathematics intervention. The Fusion Efficacy Project (Clarke et al., 2016-2020) employed a

partially nested randomized controlled trial (Baldwin et al., 2011). Blocking on classrooms, 460

first grade students were randomly assigned within first-grade classrooms to one of three
conditions: (a) 2:1 Fusion group, (b) 5:1 Fusion group, and (c¢) a no-treatment control condition

(i.e., business-as-usual). In all, 92, 230, and 138 students were assigned to the 2:1 Fusion, 5:1
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Fusion, and no-treatment control groups, respectively. Students randomly assigned to the two
treatment groups received the Fusion intervention in addition to district-approved core
mathematics instruction. Collectively, Cohorts 1 and 2 provided a total of 92 Fusion intervention
groups (46 = 2:1 Fusion, 46 = 5:1 Fusion). Institutional Review Board approval was obtained for
all study methods and procedures and participants were treated in accordance with the ethical
principles of the American Psychological Association.

Participants

Schools. Nine elementary schools from three Oregon school districts participated in the
current study. One school district was located in the metropolitan area of Portland and two
districts were located in suburban areas of western Oregon. Across the three districts, student
enrollment ranged from 5,492 to 40,495 students. Within the 9 participating schools, between
12% to 19% of students had disabilities, 11% to 27% were English learners, and 35% to 65%
were eligible for free or reduced lunch. Between 1% to less than 1% identified as American
Indian or Native Alaskan, 1% to 16% as Asian, 1% to 3% as Black, 20% to 25% Hispanic, 1% to
less than 1% as Native Hawaiian or Pacific Islander, 48% to 67% as White, and 7% to 8% as
more than one race.

Classrooms. The study took place in 53 first-grade classrooms from three school districts
in Oregon. All classrooms provided mathematics instruction in English and operated 5 days per
week. Classrooms had an average of 21 students (SD = 5.6). The 53 classrooms (Cohort 1 n =28
and Cohort 2 n = 25) were taught by 36 certified teachers. Of the 36 teachers, 17 participated in
Cohorts 1 and 2, 11 participated in Cohort 1 only and 8 participated in Cohort 2 only. 89% of
teachers identified as female, 86% as White, 3% Asian American or Pacific Islander, 3% as

American Indian or Alaskan Native, 6% as two or more races, and 3% declined to respond.
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Teachers had an average of 13.2 years of teaching experience (SD = 9.1) and 7.4 years of first
grade teaching experience (SD = 6.4); 72% had a master’s degree in education; and 75% of
teachers had completed an algebra course at the college level. Roughly half of teachers reported
using teacher created materials. Teachers also reported regular use of commercially-available
core instructional programs, including Houghton Mifflin Harcourt, Engage New York, and
Curriculum Associates Common Core. Grouping arrangements for instruction included use of
1:1 instruction (67% of classes) and whole group (100% of classes). Roughly half the teachers
utilized mathematics centers and engaged in some form of student led instruction.

Students and inclusion criteria. In each participating classroom, all students with
parental consent were screened in late fall of their first-grade year. A total of 1,076 first-grade
students from Cohorts 1 and 2 were screened for Fusion eligibility using the four measures of the

first grade Assessing Student Proficiency in Early Number Sense battery (ASPENS; Clarke et

al., 2011). These measures included Magnitude Comparison, Missing Number, Basic Arithmetic

Facts and Base-10. Students were considered eligible for the Fusion intervention and thus
considered at risk for mathematics learning disabilities (MLD) if they had an ASPENS’
composite score in the Strategic or Intensive categories based on winter benchmarks. Composite
scores at or below the Strategic category suggest that students have less than a 50% chance of
meeting end-of-year grade level expectations in mathematics (Clarke et al., 2011).

Students with ASPENS composite scores in the Strategic or Intensive categories were
rank ordered in each participating classroom by an independent evaluator. Within each
classroom, the independent evaluator then randomly assigned the 10 students with the lowest
ASPENS composite scores to one of three conditions: (a) Fusion intervention group with a 2:1

student-teacher ratio, (b) Fusion intervention group with a 5:1 student-teacher ratio, or (c) a
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control (i.e., business-as-usual) condition. Of 1,076 students screened, 460 met the eligibility
criteria. Classrooms with fewer than 10 eligible students were combined to form virtual
randomization blocks. This procedure resulted in 46 randomization blocks from the 53
classrooms. Students were then randomly assigned within classrooms or virtual classrooms to the
three conditions. Demographic data for the 460 Fusion-eligible students indicated that 17%
received special education services, 14% identified as English learners, and 54% as females.
While the majority racial group of Fusion students identified as White (65%), 21% as Hispanic,
2% as Black, 3% Asian, 1% as American Indian, and 8% as Multiple Races.

Interventionists. Fusion intervention groups were taught by district-employed
instructional assistants and by interventionists hired specifically for this study. A total of 39
interventionists taught the 92 Fusion groups. Of the 39 interventionists, five taught 2:1 groups
only, four taught 5:1 groups only, and 30 taught both 2:1 and 5:1 groups. Among the
interventionists, 94% identified as female and the majority were White (83%), with 3%
identifying as Hispanic. The remaining 14% identified as another race or ethnicity or declined to
respond. Most interventionists had previous experience providing small group mathematics
instruction (72%) and had a bachelor’s degree or higher (75%). Interventionists had an average
of 5.3 years of teaching experience (SD = 7.2); 19% had a current teaching license; and 64% had
taken an algebra course at the college level.

Procedures

Fusion Intervention. Fusion is a 60-lesson, Tier 2 first grade mathematics intervention
aimed at building students’ proficiency with critical concepts and skills of whole number. Each
30-min lesson addresses mathematical content from two strands focused on whole number

understanding of the first-grade Common Core State Standards for Mathematics (CCSS-M,
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2010): (a) Operations and Algebraic Thinking, and (b) Number and Operations in Base Ten.
Fusion’s scope and sequence introduces new concepts and skills in “tracks,” with students
practicing a variety of different skills each lesson. Activities within lessons build over time as
increasingly advanced content is introduced. This sequencing allows for frequent review of
previously taught content and supports students’ maintenance of mathematical skills.
In Lessons 1-30, students build proficiency with numbers up to 100 through identifying,
modeling, writing, and sequencing numbers. Students are also explicitly taught strategies to
fluently recall addition and subtraction number combinations within 10. As lessons progress,
students encounter increasingly complex content to expand on skills taught earlier in the
program. For example, Lessons 1-30 build place value understanding of two-digit numbers,
whereas in Lesson 31-60, students learn to solve two-digit addition and subtraction problems and
compare two-digit numbers using “greater than” and “less than” terminology. Additionally, in
the second half of the program, students expand their repertoire of number combinations,
including doubles facts and common number families (e.g., 3, 4, and 7). Lessons 31-60 are also
designed to build a deep understanding of mathematical problem-solving. Students are taught the
underlying structures of the word problem types identified in the first-grade CCSS-M (2010),
and learn to represent and solve add to, take from, put together, and take apart problems.

Fusion incorporates mathematical models through a concrete-representational-abstract

(CRA) framework to build students’ conceptual understanding (Gersten et al., 2009). For

example, when learning place value of two-digit numbers, students use base-ten blocks and unit
cubes to model the tens and ones in a given number on a place value chart. In Fusion, the CRA
framework is typically applied across multiple lessons, providing students with concurrent

exposure to visual representations and mathematical symbols. Other mathematical models used
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in the program include number lines, number families, layered place value cards, and a hundreds
chart.

To promote high-quality mathematics instruction, the Fusion intervention offers scripted
lessons to support teachers in (a) delivering clear demonstrations and explanations of targeted
mathematics content, (b) facilitating frequent student practice opportunities, and (c) offering
timely academic feedback. The lesson scripting also enables teachers’ use of precise and
consistent mathematical language and capacity to promote high-quality instructional interactions
centered on whole number concepts and skills. These interactions are intended to facilitate deep
mathematical thinking and reasoning, through individual or group student mathematics

verbalizations (Doabler et al., 2021; Fuchs et al., 2021). For example, when teaching the

commutative law of addition, the interventionist writes two problems on the board (e.g., 3 + 1 =,
1 + 3 =) and asks students to discuss with their partner how the two problems are alike. In the
latter part of the lesson, students practice explaining the commutative law to their partner using
their own words.

In this study, the Fusion intervention was delivered in 30-min, small group formats (i.e.,
two or five students per interventionist), five days per week for approximately 12 weeks.
Because Fusion is designed as a supplemental intervention, instruction occurred at times that did
not conflict with core Tier 1 mathematics instruction. For all students, instruction began in early
winter and ended in the spring. The early winter start date was selected to provide students with
opportunities to respond to core mathematics instruction and therefore minimize the false
identification of typically-achieving students during the screening process.

Professional development. All interventionists participated in two 4-hr professional

development workshops delivered by project staff. The first workshop was held prior to the start
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of implementation of the Fusion intervention and focused on content from Lessons 1-30, whereas
the second focused on Lessons 31-60. Both workshops centered on validated practices in early
mathematics instruction, small-group instruction, and classroom management. Staff leading the
workshops explicitly modeled instructional practices, such as group response signals, immediate
correction of student errors, and pacing of activities within lessons. Interventionists were
provided opportunities to practice and receive feedback on lesson delivery from project staff. To
promote implementation fidelity and enhance the quality of instruction, all interventionists
received, on average, two coaching visits from coaches during Fusion implementation. Coaching
visits consisted of direct observations of lesson delivery, followed by feedback on instructional
quality and fidelity of Fusion implementation.
Fidelity of implementation

Fidelity of Fusion implementation was measured via direct observations by trained
research staff, with each Fusion group observed three times during the course of the intervention.
On a 4-point scale (4 = all, 3 = most, 2 = some, 1 = none), observers rated the extent to which the
interventionist (a) met the lesson’s instructional objectives, (b) followed the lesson’s teacher
scripting, and (c) used the lesson’s mathematics models. Observers also recorded whether the
interventionist taught the number of activities prescribed in the lesson. Overall, the majority of
prescribed activities were taught with high levels of fidelity (M = 3.4, SD = 0.5). Interventionists
were found to meet instructional objectives (M = 3.4, SD = 0.5), follow scripting (M = 3.2, SD =
0.6), and use prescribed models (M = 3.5, SD = 0.5). However, the 2:1 small groups experienced
more activities taught (g = 0.46, p = .0306) and had greater total fidelity (g = 0.25) than the 5:1
groups. The 2:1 small groups were also rated higher on meeting instructional objectives (g =

0.36), following teacher scripting (g = 0.08), and using prescribed models (g = 0.23).
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Student Mathematics Qutcome Measures

Students were administered four mathematics outcome measures at pretest (T1) in
January of first grade and posttest (T2) in May of first grade and one measure at a delayed
posttest (T3) in February of second grade. All measures focused on critical whole number
concepts and skills and were administered by trained research staff, who met an interscorer
reliability criteria >.85 for all assessments.

ProFusion is a researcher-developed assessment designed to assess students' conceptual
and procedural knowledge of number and numeration, place-value concepts, basic number
combinations, and problems involving multi-digit addition and subtraction. In an untimed, small
group setting, students are asked write numbers from dictation and numbers missing from a
sequence, write numbers matching base-10 block models, and decompose double-digit numbers.
Moreover, students complete addition and subtraction problems, and two word problems.
Students also complete 1-min, timed addition and subtraction fluency measures and work with
proctors individually to complete a set of number-identification items. The correlation between
pretest and posttest ProFusion scores was .63 and the standardized alpha for the subscales was
.75. Criterion validity of ProFusion with other mathematics outcome measures, including the

SAT-10, ranges (r) from .56 to .68 (Clarke et al., 2014).

Test of Early Mathematics Ability-Third Edition (TEMA-3; Ginsburg & Baroody,

2003) is a standardized, norm-referenced, individually administered measure of beginning
mathematical ability. The TEMA-3 assesses mathematical understanding at the formal and
informal levels for children ranging in age from 3 to 8 years 11 months. The TEMA-3 addresses
children’s conceptual and procedural understanding of math, including counting and basic

calculations. The TEMA-3 reports alternate-form and test-retest reliabilities of .97 and .82 to .93,
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respectively. For concurrent validity with other mathematics outcome measures, the TEMA-3
manual reports coefficients ranging from .54 to .91.

ASPENS (Clarke et al., 2011) is a set of CBMs validated for screening and progress
monitoring in first grade mathematics. Each 1-min fluency-based measure assesses an important
aspect of early numeracy proficiency, including number identification, magnitude comparison,
missing number identification, and arithmetic facts and base-10. Test authors report test-retest
reliability ranges from the .70s to .90. Criterion concurrent validity with the TerraNova 3 is
reported as ranging from .51 to .63.

easyCBM Math (Alonzo et al., 2006) is an online benchmark screening and progress

monitoring system for kindergarten to eighth grade. The test items are multiple choice and
testing occurs on a secure web site. Reliability and validity of the assessments are well
established. Internal reliabilities of first grade easyCBM Math measures are high (.81-.84).
Concurrent validity of easyCBM Math scores on the winter benchmark, with the Stanford
Achievement Test, Tenth Edition (SAT-10), ranges from .75 to .82. In the current study, the
first-grade easyCBM measure was administered at posttest, whereas the second-grade version
served as the follow-up assessment in second grade.
Observations of Fusion Instruction

Each Fusion group was observed approximately three times over the course of the
intervention, with approximately three weeks separating each observation occasion. A total of
274 observations were conducted, of which 70 (26%) included two observers who
simultaneously evaluated inter-observer agreement. Observations were scheduled in advance and

observers remained for the duration of Fusion instruction, with an average observation lasting
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25.4 minutes (SD = 2.6 min.). Trained observers, who were blind to our research hypotheses,
conducted all observations using two observation measures.
The Classroom Observations of Student-Teacher Interactions-Mathematics (COSTI-

M: Doabler et al., 2015-2017; Smolkowski & Gunn, 2012) is a low-inference observation

instrument that has been empirically validated to document the frequency of teacher
demonstrations, individual and group student practice opportunities, teacher-provided academic
feedback, and student mistakes. As documented by the COSTI-M, teacher models represent a
teacher’s verbalizations of thought processes and physical demonstrations of mathematical
content. For example, observers coded a teacher model if the teacher explicitly described the
structural features of an “add to” word problem. Academic feedback was operationalized as a
teacher’s verbal reply or physical demonstration to affirm or correct a student response. For
example, observers recorded an academic feedback code if the teacher restated an correct answer
or corrected a student error. Group practice opportunities were defined as a mathematics-related
verbalization produced by two or more students in unison. Individual practice opportunities were
coded whenever a single student had the opportunity to verbalize or physically demonstrate her
mathematical thinking, such as when a teacher asked a specific student to answer a mathematical
question (e.g., “Lamar, use the place value bocks to show 82?”). Rates per minute for each
targeted behavior were computed as the frequency of the behavior divided by the duration of the

observation in minutes. Doabler et al. (2015) reported predictive validity of the COSTI-M with

the TEMA-3 (p = .004, Pseudo-R’ = .08) and the EN-CBM (p = .017, Pseudo-R’ = .05).

The Quality of Explicit Mathematics Instruction (QEMI; Doabler & Clarke, 2012)

comprises seven items that target the quality of explicit instructional interactions, including

group and individual practice opportunities, student participation, teacher modeling, academic
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feedback, efficiency of instructional delivery, and instructional scaffolding. Internal consistency
of the measure was high, .94 (coefficient alpha). To rate the quality of each item, observers used
a 4-point rating scale, with scores of 1-2 representing the lower quality range and 3—4
representing the upper quality range. A Total QEMI score was computed as the mean across all
items. The mean across the three observations was used in subsequent analyses.

Observation training. Trained observers conducted all direct observations. The
observers included former educators, doctoral students, faculty members, and experienced data
collectors. Observers received approximately 10 hours of training, with an initial training lasting
six hours and a four-hour follow-up training prior to the third round of observations to recalibrate
observers, help minimize observer drift, and increase interobserver reliability. Training focused
on direct observation procedures, kindergarten mathematics, and use of the COSTI-M and QEMI
observation instruments. Prior to observing classrooms on their own, observers were required to
complete two reliability checkouts and meet an interobserver agreement criterion of .85 or higher
on each checkout. The first was a video checkout, which had observers code a 5-minute video of
kindergarten mathematics instruction. Second, observers completed a real-time classroom
checkout with a primary observer from the research team. All observers met the minimum
interobserver agreement level for both checkouts.

Inter-observer agreement and stability intraclass correlations coefficients (ICCs).
To estimate inter-observer agreement in observation measures, we calculated ICCs to describe
the proportion of variance in each observation measure occurring between versus within paired
observation occasions. Inter-observer agreement ICCs for COSTI-M and QEMI scores ranged

from .77 to .99, which based on guidelines proposed by Landis and Koch (1977) represented

substantial to nearly perfect agreement. To estimate stability across time, we calculated ICCs to
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describe the proportion of variance in each observation measure occurring between versus within
Fusion groups. Stability ICCs were .24 for teacher demonstrations, .11 for individual practice,
.34 for group practice, .20 for student mistakes, .59 for academic feedback, and .58 for the QEMI
scale. Reliability of mean scores across the three observation occasions were fair and ranged
from .26 (for individual practice) to .80 (for QEMI scores).
Statistical Analysis

Analyses were conducted to address three research questions. First, we assessed overall
Fusion intervention effects, with 2:1 and 5:1 Fusion groups as the intervention condition, on
student outcomes using a mixed model (multilevel) Time % Condition analysis (Murray, 1998)

designed to account for students partially nested within small groups (Baldwin et al., 2011;

Bauer et al., 2008). The study design called for the randomization of individual students to

receive Fusion, nested within 2:1 or 5:1 Fusion groups, or a nonnested comparison condition,
and the analytic model must account for the potential heterogeneity among variances across

conditions (Roberts & Roberts, 2005). In particular, the Fusion groups required a group-level

variance, while the unclustered controls did not. Furthermore, because the residual variances
may have differed among conditions, we tested the assumption of homoscedasticity of residuals.
The analysis tested for differences among conditions on gains in outcomes from the fall (T1) to

spring (T2) of first grade and is described in detail by Clarke et al. (2016) and Doabler et al.

(2016). The statistical model included time, coded 0 at T; and 1 at T»; condition, coded 0 for
control and 1 for Fusion; and the interaction between time and condition. These models test for
net differences between conditions (Murray, 1998), which provide an unbiased and

straightforward interpretation of the results (Allison, 1990; Jamieson, 1999). For two outcomes

not collected at pretest— first-grade easyCBM and second-grade easyCBM—we used the
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analysis of covariance approach described by Bauer et al. (2008) and Baldwin et al. (2011).

Second, we examined the effects of the 2:1 versus the 5:1 Fusion group size on student
outcomes using a fully nested mixed-model (multilevel) Time %X Group Size analysis (Murray,
1998) to account for the intraclass correlation associated with students nested within Fusion
groups. Similar to the first set of analyses, the model included time, coded 0 at Ty and 1 at T»;
group size, coded O for 5:1 Fusion and 1 for 2:1 Fusion conditions; and the interaction between
time and group size. Mixed analysis of covariance models were used for the first-grade and
second-grade easyCBM scores.

Third, we tested whether 2:1 and 5:1 Fusion groups experienced differential rates of
observed instructional interactions using independent-samples ¢ tests.

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

Institute, 2016) using restricted maximum likelihood (REML), generally recommended for

multilevel models (Hox, 2002). Maximum likelihood estimation for the Time x Condition

analysis uses of all available data to provide potentially unbiased results even in the face of

substantial attrition, provided the missing data were missing at random (Graham, 2009). 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).
The models assume independent and normally distributed observations. We addressed the

first, more important assumption (Van Belle, 2008) by explicitly modeling the multilevel nature

of the data. In a sensitivity analysis, accounting for the classroom-level resulted in negligible
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differences in effect size and their statistical significance, so the classroom-level was excluded.
The data in the present study also do not markedly deviate from normality; skewness and
kurtosis fell with + 1.0 for all measures. Nonetheless, multilevel regression methods have also

been found quite robust to violations of normality (e.g., Hannan & Murray, 1996).

Effect sizes. To ease interpretation of intervention effects, we computed Hedges’ g effect
sizes (Hedges, 1981) and Improvement Index values as recommended by the WWC (2017) . The
Improvement Index represents the expected change in percentile rank for an average comparison
group student if the student had received Fusion. Although we set alpha to .05 for all statistical
tests, we provided unadjusted and adjusted p-values based on the Benjamini-Hochberg procedure

(Benjamini & Hochberg, 1995).

Results

Table 1 presents means, standard deviations, and sample sizes for the five dependent
variables by assessment time and condition. In what follows, we present results from tests of bias
due to attrition, efficacy effects for Fusion (Research Question 1), effects of the 2:1 versus 5:1
Fusion group size on student outcomes (Research Question 2), and differential rates of
instructional interactions between the 2:1 and 5:1 Fusion conditions (Research Question 3).
Attrition

The overall rate of missingness at posttest was 6.3% for the measures available at pretest,
and the difference in rates of missingness among study conditions was below 1.0% for posttest
measures. “The proportions of the treatment and control groups that provide information are not

particularly important, at least for internal validity” (Foster & Bickman, 1996, p. 698), so we

tested the potential for differential attrition effects, which may threaten internal validity. This

attrition analysis tests whether pretest measures were associated with (a) study condition (Fusion
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versus control in this case), (b) attrition status, and (c) the interaction between the two (Biglan et

al., 1987; Graham & Donaldson, 1993). This specific analysis used a mixed-model analysis of

variance designed to test whether outcome variables were differentially affected across study
conditions by attrition while accounting for the nested structure of the data. We found no
statistically significant interactions between attrition and study condition predicting baseline
outcomes (p > .500), suggesting that the effect of attrition on outcomes would not likely threaten
internal validity.

Effects of Fusion versus Control on Student Outcomes

Table 2 presents the results of the partially nested statistical models comparing gains
between nested Fusion students and unclustered control students. The table presents the results of
the homoscedastic model for each outcome because it was deemed equivalent to the more
complicated heteroscedastic model. The bottom two rows of the table show the likelihood ratio
test results that compared homoscedastic residuals to heteroscedastic residuals.

The models in Table 2 tested fixed effects for differences among conditions at pretest
(condition effect), gains across time for the control condition (time effect), and differential gains
for the Fusion condition (Time x Condition interaction). We found no statistically significant
differences in mathematics outcomes at pretest ([Hedges’ g|’s < 0.04 and p’s > .6971 for all
pretest measures), suggesting similar mathematics outcomes at pretest by condition. We found
statistically significant differences by condition in gains from fall to spring for two dependent
variables. Students in the Fusion condition made greater gains than control students on the
ASPENS (#(250) = 2.43, p = .0160) and ProFusion assessment (#(213) = 9.02, p <.0001). We did
not detect statistically significant differences between conditions in gains on TEMA-3 (p =

.3729) or differences between conditions on posttest first-grade easyCBM scores (p = .8132) or
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follow-up second-grade easyCBM scores (p = .9135), both tested with TEMA-3 and ASPENS
scores as pretest covariates. The Time x Condition model estimated differences in gains between
the Fusion and control conditions of 0.6 for the TEMA-3 (Hedges’ g =0.07, 95% CI [-0.09,
0.23], Improvement Index = 2.9%), 3.6 for the ASPENS (g =0.20 [0.04, 0.36], Improvement
Index = 7.9%), and 9.2 for ProFusion (g = 0.77 [0.60, 0.93], Improvement Index = 27.8%). The
analysis of covariance model estimated differences between Fusion and control conditions of 0.1
for the first-grade easyCBM (g = 0.02 [-0.16, 0.20], Improvement Index = 0.9%) and -0.1 for the
second-grade easyCBM (g =-0.01 [-0.20, 0.18], Improvement Index = -0.4%).

Effects of 2:1 versus 5:1 Fusion Groups on Student Qutcomes

Table 3 presents the results of the fully nested Time X Group Size models comparing
gains between 2:1 and 5:1 Fusion groups. The models in Table 3 tested fixed effects for
differences among group sizes at pretest (2:1 Fusion group effect), gains across time for the 5:1
Fusion condition (time effect), and differential gains for the 2:1 Fusion condition (Time x Group
Size interaction). We found no statistically significant differences in outcomes at pretest (|g|’s <
0.10 and p’s > .3800 for all pretest measures), suggesting similar mathematics outcomes at
pretest across group sizes.

Students in 2:1 Fusion groups made greater gains than students in 5:1 Fusion groups on
the TEMA-3 (#89) = 2.21, p = .0296), and scored higher on the first-grade easyCBM (#80) =
2.36, p = .0205) and the second-grade easyCBM (#83) = 2.77, p = .0069), both tested with
TEMA-3 and ASPENS scores as pretest covariates. We did not detect statistically significant
differences among group sizes in gains on ASPENS (p =.1040) or ProFusion (p = .1096). The
Time x Group Size model estimated differences in gains between 2:1 and 5:1 Fusion conditions

of 1.8 for the TEMA-3 (g = 0.21 [0.02, 0.39], Improvement Index = 8.2%), 2.9 for the ASPENS
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(g=0.17[-0.04, 0.37], Improvement Index = 6.7%), and 1.95 for ProFusion (g = 0.16 [-0.04,
0.37], Improvement Index = 6.5%). The analysis of covariance model estimated differences
between 2:1 and 5:1 Fusion groups of 1.5 for the first-grade easyCBM (g = 0.29 [0.05, 0.53],
Improvement Index = 11.4%) and 1.7 for the second-grade easyCBM (g = 0.34 [0.09, 0.58],
Improvement Index = 13.1%).
Effects of Group Size on the Quantity and Quality of Explicit Instructional Interactions

Table 4 presents descriptive statistics for the quantity (rates per minute) and quality of
explicit instructional interactions as well as results of independent-samples ¢ tests comparing
these observation measures by Fusion group size. Compared to the 5:1 Fusion groups, 2:1 Fusion
groups experienced higher rates of individual practice (#(89) =4.96, p <.0001, g = 1.04 [0.62,
1.46]). Non-significant differences were observed for teacher model rates (g =-0.11 [-0.53, 0.30]
favoring the 5:1 Fusion groups), group practice rates (g = -0.25 [-0.67, 0.16], favoring 5:1 Fusion
groups), academic feedback rates (g = 0.13 [-0.29, 0.55], favoring 2:1 Fusion groups), student
error rates (g =-0.11 [-0.53, 0.30], with more errors occurring in the 5:1 Fusion groups), and the
overall quality of explicit instruction rating (g = 0.07 [-0.35, 0.49], favoring 2:1 Fusion groups).

Discussion

Comparing Fusion conditions to control, we found positive impacts (g = 0.02 to 0.77) on
all four first grade measures with two of the impacts statistically significant. The greatest impact
was found on the proximal ProFusion measure (g = 0.77) with lower impacts on distal measures.
At second-grade follow up, there was not a statistically significant difference between the Fusion
and control conditions. When comparing between Fusion small group conditions, outcomes
favored the 2:1 Fusion group on all four first grade outcomes (g = 0.16 to 0.29) with two

differences reaching statistical significance. Greater impacts were found on distal measures
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(TEMA-3 and first-grade easyCBM) of mathematics achievement. Second-grade follow up
results showed a statistically significant difference favoring the 2:1 small group (g =0.34) on the
second-grade easyCBM outcome measure. In terms of instructional delivery, across treatment
conditions overall fidelity was strong. However, the 2:1 small groups completed significantly
more activities and a global indicator of fidelity was rated significantly stronger along with
multiple components of overall fidelity, including meeting instructional objectives, the use of
mathematics models and following teacher scripting. An overall rating of quality of explicit
instruction found no significant differences between treatment conditions. However, a significant
difference was observed on the number of individual student practice opportunities, favoring the
2:1 group condition. In the remainder of the discussion, we interpret the study’s findings, note
limitations to the work, and suggest directions for future research.
Implications and Future Research

The overall positive impact of the Fusion intervention adds to the growing research base
on early elementary intervention programs in mathematics with the majority of work focused on

kindergarten (Nelson & McMaster, 2019). The results from this study augment the limited

research to date that has been conducted in first grade (e.g., Bryant et al., 2011; Fuchs et al.,

2005). Across intervention programs, similar design features include the use of systematic and

explicit instruction (Fuchs et al., 2021) and a focus on whole number content (Frye et al., 2013;

Gersten et al., 2009). The overall positive impact of Fusion supports the continued importance of
adherence to these general principles when considering how best to support the mathematics
learning needs of students at-risk.

Group size results ran counter to the hypothesis that there would be no differences

between the 2:1 and 5:1 Fusion conditions. Of note, was the finding that differences reached
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statistical significance on two distal measures of achievement in first grade and, of particular
interest, on a second-grade follow up measure of mathematics achievement. The goal of early
intervention is to alter learning trajectories, yet to date little impact has been found for early

mathematics interventions on long term outcomes (Bailey et al., 2020). Thus, the finding that a

long term impact was found is important both from a research standpoint but also from a
practical one as schools weigh how to best to structure resources and spend finite resources

(Clarke et al., in press). Future research on early mathematics interventions should default

towards the inclusion of follow-up measures of intervention impact (e.g., in the subsequent
grade). While the cause of fadeout is potentially based on an array of factors and how best to
sustain intervention effects is complex (Bailey et al., 2017), the finding here suggests that there
may be malleable factors directly controlled by schools (i.e., group size) that can be manipulated
in ways that meaningfully impact later student mathematics outcomes. Future research should
continue to investigate and explore factors that predict, sustain, and impact intervention
effectiveness as the field grapples with the best approach to designing interventions and

environments for long-term student success (Bailey et al., 2020).

The findings also illustrate the importance of not extrapolating beyond the results of a

specific study or a limited research base. To date, findings indicate a lack of group size

differences in reading interventions (e.g., Vaughn et al., 2010). More relevant to the current
research is work testing the efficacy and impact of group size in the context of kindergarten

mathematics (Clarke et al., 2017; Clarke et al., 2020; Doabler et al., 2019). Given the similarities

shared between these kindergarten studies and the current research (i.e., randomized control
trials, small-group intervention formats, whole number focused interventions), the contrast in

outcomes regarding group size is more striking. Reasons for the different outcomes are
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speculative but may range from the increased complexity of first-grade mathematics content to
implementation variables. For example, across the ROOTS kindergarten studies (i.e., Clarke et

al., 2017; Clarke et al., 2020; Doabler et al., 2019) and the current research, 2:1 small groups had

greater rates of independent practice opportunities compared to 5:1 groups. In discussing the role
of individual practice opportunities in kindergarten, it was hypothesized that a threshold effect
may exist in which additional practice opportunities do not increase student understanding
(Clarke et al., 2017; Doabler et al., 2019). However, with more complex content it could be
hypothesized that the additional individual practice opportunities are necessary to support
student acquisition of key first-grade concepts and skills. Findings from the current study point
to the need to continue investigating group size in different grade levels to further flesh out the
interaction between group size, intervention content, and other critical variables including
teacher-student instructional interactions. Such work is critical in light of a growing emphasis on

exploring the conditions under which interventions are effective (Miller et al., 2014) and their

relative cost compared to alternate treatments (Levin & Belfield, 2015).

Limitations and Conclusion

A limitation to the current work was conducting the study in one geographic region of the
U.S., resulting in a sample demographically non-representative of the general population. Future
research should investigate the Fusion intervention across different geographic regions and with
diverse demographic samples intentionally selected to increase the generalizability of results.

The importance of systematic replication is garnering increased focus (Chhin et al., 2018;

National Science Foundation et al., 2018) to address the current lack of replication research

(Cook et al., 2014) and it’s perceived value (Makel & Plucker, 2014). The importance of

replication is highlighted by the key findings of this study which add to the research base on
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effective mathematics interventions. The intervention was generally effective but results varied

by group size in direct contrast to previous investigations of group size (Clarke et al., 2020).

Critically, the difference in group size results was present at both immediate and delayed

posttest. Given the paucity of sustained intervention effects (Bailey et al., 2020), this finding is

noteworthy for considering how schools can best to support long term mathematics development
through the allocation of finite resources. Additional direct and conceptual replications (Coyne et
al., 2016) will aid in furthering investigating Fusion and other early mathematics intervention as

the field attempts to better understand the conditions under which interventions are effective and

how they are delivered in schools to maximize student outcomes.
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