publishers.

ychological Association or one of its allied

ghted by the American Ps

t=4

This document is copyri
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

)

MERICAN
SYCHOLOGICAL
SSOCIATION

L
III‘-l
‘l N
lll-»
>UD

Journal of Educational Psychology

© 2021 American Psychological Association

ISSN: 0022-0663

2022, Vol. 114, No. 3, 560-575

https://doi.org/10.1037/edu0000711

Promoting Understanding of Measurement and Statistical Investigation
Among Second-Grade Students With Mathematics Difficulties

Christian T. Doabler', Ben Clarke?, Derek Kosty’, Marah Sutherland®, Jessica E. Turtura®,
Allison R. Firestone*, Georgia L. Kimmel', Patrick Brott?, Tasia L. Brafford', Nancy J. Nelson Fien’,

Keith Smolkowski3, and Kathleen Jungjohann2
! Meadows Center for Preventing Educational Risk, The University of Texas at Austin
2 Center on Teaching and Learning, University of Oregon
* Oregon Research Institute, Eugene, Oregon, United States
* Graduate School of Education, University of California, Berkeley
5 Wheelock College of Education and Human Development, Boston University

Measurement and statistical investigation are areas of mathematics visibly neglected in educational
intervention research, particularly studies involving students with or at risk for mathematics difficulties
(MD). This shortage is concerning given the importance these areas hold in students’ pursuit of mathe-
matical proficiency. This study investigated the initial efficacy of the Precision Mathematics Grade 2
(PM-2) intervention, a Tier 2 (print and technology-based), integrated STEM intervention designed to
increase second-grade students’ mathematics achievement in the areas of measurement and statistical
investigation. A total of 130 second-grade students with or at risk for MD participated in the random-
ized, controlled trial. Students were randomly assigned within classrooms to either treatment (PM-2) or
control (business-as-usual) conditions. Findings indicated a pattern of “promise” for PM-2 improving
student scores on a proximal assessment of early measurement skills (Hedges’ g = .50). Differential
effects of PM-2 by initial numeracy skill were not observed for 3 of the outcome measures. However,
moderation results were found on a curriculum-based measure, suggesting the effects of PM-2 were
greatest for students with higher initial skill. Implications for supporting students’ development of math-
ematics proficiency in areas beyond whole numbers and operations are discussed.

Educational Impact and Implications Statement

A strong understanding of measurement and data is essential to becoming a contributing member of
today’s society. This study investigated whether a second-grade mathematics intervention improved
the mathematics achievement of 130 second-grade students who were at risk for long-term difficul-
ties in mathematics. The Precision Mathematics Grade 2 intervention contains 32 lessons focused
on foundational concepts of early measurement and data. Results indicated the intervention had pos-
itive effects on an early mathematics assessment. Students with higher mathematics skills at the start
of the study were also found to receive the most benefit from the intervention. These findings sug-
gest providing instruction in the areas of measurement and data may be important for supporting the
mathematical learning of at-risk learners.
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The National Council of Teachers of Mathematics (NCTM,
2000) holds a vision where the design and delivery of high-qual-
ity mathematics instruction affords all students equitable access
to a coherent mathematics curriculum and a pathway for devel-
oping mathematical proficiency. Fundamental to achieving
NCTM’s priorities and goals is instruction focused on the areas
of measurement and statistical investigation. Supporting stu-
dents” mathematical competence in early measurement concepts
and skills, for example, provides them a foundation for grasping
how measurement tools function, understanding the attribute
being measured, and making comparisons of the measured at-
tribute relative to a particular unit (Goldenburg & Clements,
2014). Strong problem-solving skills around foundational con-
cepts of measurement can also help lay the foundation for work-
ing with more advanced mathematics (Clements et al., 2018;
Doabler, Clarke, Kosty, et al., 2019; Frye et al., 2013; Parmar et
al., 2011; Sarama et al., 2021; Vasilyeva et al., 2020). For exam-
ple, understanding that length is continuous and can always be
partitioned into smaller lengths is key background knowledge
for fractions (Beckmann, 2008). The NCTM also recognizes the
importance of building a robust understanding of early statistical
investigation (see Crites & St. Laurent, 2015). Organizing and
representing continuous data on graphs, for instance, can lead to
deeper knowledge of more sophisticated data analysis concepts,
such as variability and sampling distributions (Langrall &
Mooney, 2011; Litke & Hill, 2020; Shaughnessy, 2007).

In the early elementary grades (i.e., kindergarten to second
grade), when students solve problems around measurement and
early statistics, they have opportunities to apply and strengthen
their understanding of whole numbers and operations. For exam-
ple, when second-grade students solve computation problems em-
bedded within a statistical investigation, they have opportunities to
utilize and extend their conceptual and procedural knowledge of
place value. Students can also apply their understanding of the
underlying structures of word problem types (e.g., comparison
problems) and engage in whole number computations when work-
ing with data-driven problems.

Combined, the areas of measurement and statistical investiga-
tion also serve as an optimal platform for teachers to take an inte-
grated approach to science, technology, engineering, and
mathematics (STEM) education (Honey et al., 2014; Moore et al.,
2020). At the forefront of integrated STEM instruction are pur-
posefully designed learning opportunities that center on real world
situations and problems. These integrated opportunities are
intended to support students’ development of connected knowl-
edge structures of fundamental ideas, concepts, and skills within
and across STEM disciplines (Honey et al., 2014). In a second-
grade classroom, a teacher might use a disciplinary core idea iden-
tified in the Next Generation Science Standards (NGSS, 2013) as
an integrated context for deepening students’ understanding of
length measurement and data. For example, the teacher might
design a set of lessons on how water can change the shape of
coastal sand dunes. In these lessons, students would learn how to
use different measurement tools to (a) investigate the effects of
wave-induced erosion, (b) represent their measurements on a line
plot, and (c) utilize the measurement data to answer questions
about changes in dune height.

Given the advantages of situating foundational STEM literacy
skills within measurement and statistical investigation it seems

critical that students with or at risk for mathematics difficulties
(MD) receive systematically designed opportunities to work with
data and solve problems involving early concepts of measurement.
Yet, measurement and statistical investigation are areas of mathe-
matics often neglected in educational intervention research. The
shortage of methodologically rigorous studies involving these
areas is particularly worrisome given their importance in support-
ing students’ development of mathematical proficiency. As such,
this study sought to contribute to the current knowledge base by
investigating the initial efficacy of a Tier 2 second-grade mathe-
matics intervention designed to increase at-risk students’ under-
standing of measurement and statistical investigation.

Status of Measurement and Statistical Investigation in
U.S. Mathematics

Never before has knowledge of measurement and data been so
critical to becoming an informed citizen. In current times, for
example, it is imperative to read and understand political polls,
make important decisions about findings from clinical drug trials,
and engage in public policy debates (e.g., global warming). Well-
designed instruction focused on foundational concepts of measure-
ment and statistical investigation also provides the opportunities
that students require to develop advanced skills needed for future
positions in STEM (Clements et al., 2020). A rich understanding
of statistical investigation, for example, can assist epidemiologists
in understanding the epidemic spread of a virus, such as COVID-
19 (Fauci et al., 2020).

Despite the importance of promoting students’ mathematical
proficiency with measurement and data analysis, compelling evi-
dence suggests a considerable number of U.S. students, particu-
larly students from subgroups at risk for MD, struggle to reach
proficient levels in these areas of mathematics (National Center
for Education Statistics [NCES], 2019). Results of the 2019
fourth-grade National Assessment of Educational Progress
(NAEP) revealed that students eligible for free or reduced lunch
programs, Hispanic students, and multilingual students scored .7
to 1.0 standard deviations lower than their peers on the Measure-
ment subscale and the Data Analysis, Statistics, and Probability
subscale.

Such data present challenges to schools for how to accelerate
the learning of U.S. students who struggle with the foundational
concepts and skills of measurement and statistical investigation.
Although a host of different factors likely influence the learning
difficulties these students face, here, we consider two plausible
ones. First, when considering the enacted curriculum in today’s
mathematics classrooms, little instruction occurs on building stu-
dents’ quantitative literacy, such as knowledge of data and statis-
tics. For example, when examining direct observations and teacher
transcripts obtained from 144 upper-elementary classrooms (i.e.,
fourth and fifth grade), Litke and Hill (2020) found scarce instruc-
tion on data analysis. Of the data-focused instruction observed,
most centered on graph construction and using calculations to
work with data. Another key finding of this study was that class-
rooms spent a nominal amount of instructional time focused on
the scientific practices associated with statistical investigation,
such as formulating important research questions, planning and
carrying out such investigations, and constructing explanations to
interpret findings.
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Although measurement is perhaps a more common instructional
focus in the elementary grades, measurement instruction often tar-
gets procedural skills such as measuring object lengths, instead of
building a deeper conceptual understanding of foundational mea-
surement principles (Clements et al., 2018; National Research
Council, 2009). For example, Polikoff (2012) found that use of
measurement instruments was one of the three most redundant
mathematics topics addressed across kindergarten and first grade
classrooms, covered by 89% and 91% of classroom instruction,
respectively. Importantly, early measurement instruction should
first focus on the underlying concepts of measurement, with care
taken in the transition between informal understanding of mea-
surement principles and formal measurement skills such as using
measuring tools (Beckmann, 2008; Irwin et al., 2004; Sutherland
et al., 2020).

In combination with the lack of focused instruction on measure-
ment and statistical investigation is the dearth of educational inter-
vention research on these mathematical areas. National calls have
pushed for increasing students’ understanding of number systems
(National Mathematics Advisory Panel, 2008) and accordingly a
wealth of research focused on rigorously testing whole number
interventions has emerged (e.g., Dyson et al., 2013). Unfortu-
nately, this has been at the neglect of other critical areas of mathe-
matics, including measurement and statistical investigation.
Reviews conducted by nationally recognized independent evalua-
tors confirm this lack of a scientific imprint. Of the 18 elementary
mathematics intervention programs reviewed by the National Cen-
ter on Intensive Intervention (NCII, n.d.), not one focused specifi-
cally on measurement and statistical investigation. Similar
findings have been reported by the What Works Clearinghouse
(WWC, n.d.).

In sum, the absence of focused core instruction and paucity of
intervention research underscore the need for researchers to itera-
tively design and rigorously test interventions focused on the criti-
cal concepts and skills of early measurement and statistical
investigation. By developing and establishing such interventions,
we contend the field will be better positioned to support the gestalt
of mathematical proficiency among at-risk learners.

Iterative Design of a Second-Grade Mathematics
Intervention

Recognizing the need for increasing student mathematics
achievement in the areas of measurement and statistical investiga-
tion, our research team developed the Precision Mathematics
Grade 2 (PM-2) program. PM-2 is a 32-lesson, Tier 2 intervention
designed for second-grade students with or at risk for MD and
intended for delivery in small group formats (i.e., four to five stu-
dents per interventionist), 30-min per day, four days per week for
eight weeks. Conceptually, PM-2 is designed to directly supple-
ment core (Tier 1) mathematics instruction. In this way, students
receive PM-2 in addition to their core mathematics instruction.

Because the current landscape largely ignores the call from
instructional designers to embrace a scientific footprint in the de-
velopment of mathematics programs (Carnine et al., 1997; Zucker
et al., 2019), our research team used the Curriculum Research
Framework (CRF) proposed by Clements (2007) during our PM-2
intervention development efforts. The CRF comprises three cate-
gories of development activities: a priori foundations, learning

models, and evaluation. Embedded within the three categories,
Clements proposes 10 phases of the curriculum development and
evaluation process. While the initial phases of the CRF focus on
researchers collecting early implementation data on intervention
prototypes, the later phases encourage researchers to scale up their
investigations to establish the impact of intervention programs in
more summative research.

In our work with the PM-2 program, we applied the initial
phases of the CRF (Clements, 2007) in a series of iterative cycles
of development, implementation, field testing, analysis, and
review. These cycles offered opportunities to collect initial empiri-
cal data about PM-2 implementation and eventually establish the
intervention’s feasibility, usability, and accessibility prior to the
current study. For example, earlier research ensured the interven-
tion could be implemented in the timeframe allotted for instruction
(i.e., 30-minute sessions), utilized by end-users as designed with
few implementation bottlenecks (e.g., hang or freeze of student
tablets), and had contextual fit in authentic educational settings
(Doabler, Clarke, Firestone, et al., 2019).

At the forefront of the PM-2 intervention is an explicit instruc-
tional design platform (Coyne et al., 2011) that directly teaches
the critical concepts and problem-solving skills of measurement
and statistical investigation identified in the Common Core State
Standards for Mathematics for second grade (CCSS-M, 2010),
including, among others, partitioning, length-unit iteration, indi-
rect comparisons, alignment of the zero-point on a ruler, and cate-
gorial data. Our team elected to target the areas of measurement
and statistical investigation for several reasons. First, establishing
an early understanding of measurement and statistics is essential
for setting a pathway to becoming mathematically literate in
today’s society. Second, a strong body of empirical evidence sug-
gests that as students exit the lower elementary grades, many face
deficits in these areas (NCES, 2019). Third, as argued in the Pro-
gressions for the Common Core Standards in Mathematics (Com-
mon Core Standards Writing Team [CCSWT], 2011), the areas of
measurement and statistical investigation complement each other
well and together represent important an important backdrop to
support students’ development of mathematical proficiency. Addi-
tionally, when students engage in the fundamental concepts and
skills of measurement and statistical investigation it reflects the
work of professionals in the STEM fields. For example, to investi-
gate important questions focused on solutions to pressing prob-
lems in school systems, researchers measure observable behaviors
and use data analysis techniques to interpret their findings. As
such, the PM-2 intervention was purposefully designed to build
and strengthen students’ conceptual understanding of these under-
studied areas of mathematics by facilitating frequent, meaningful
student practice opportunities around technology-based activities
and hands-on investigations.

The PM-2 intervention offers daily technology-based activities
intended to build students’ conceptual understanding and problem-
solving skills. Our rationale for engineering these types of activ-
ities within the intervention largely stems from the push to inte-
grate education technology into today’s classrooms (Atkins et al.,
2010). Although the empirical literature on education technology
is still in its infancy (WWC, n.d.), well-designed technology can
make students’ learning experiences more accessible and individu-
alized (Mayer, 2009). Moreover, technology can spark students’
interest, pique their curiosity, and help motivate their learning
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(Atkins et al., 2010). As such, in PM-2 students receive their own
iPads and use them through scaffolded support from the teacher
and her iPad. For example, one lesson has students work with a
virtual measuring tool to measure and compare the height of sun-
flowers. Students then record their virtual measurements on a bar
graph and utilize the data to solve a set of “compare” word prob-
lems to determine the height differences between the sunflowers.

Complementing the technology-based activities are hands-on
investigations intended to extend students’ understanding of tar-
geted mathematical content and further their pursuit of overall
mathematical proficiency. Such investigations, often designed
within the same lessons as the technology-based activities, pro-
mote tactile experiences for students to work with concrete objects
and different measurement tools. For example, experts suggest
that students build conceptual understanding when they make con-
nections among concepts and procedures in different situations
and in different ways (Kilpatrick et al., 2001). Therefore, the
hands-on investigations offer opportunities for students to solve
new problems and to verbalize their understanding through small-
group mathematics discourse opportunities.

To promote connections between and within STEM disciplines
(Honey et al., 2014; Moore et al., 2020), the PM-2 intervention
comprises eight “Investigative Units” that are grounded in the Dis-
ciplinary Core Ideas within the second-grade Life Science and
Earth Science topics in the Next Generation Science Standards
(NGSS, 2013). Units are designed to be delivered across four con-
secutive days, for 30 minutes per lesson. The NGSS were integrated
into the curriculum to provide students with meaningful, real-world
contexts to solve early measurement and data analysis problems,
while providing the added benefit of increased exposure to impor-
tant scientific ideas and phenomena. For example, to foster deeper
learning of “take-away” mathematics word problems, the interven-
tion situates these problem types within the context of how wind
and water can change the shape of the land (NGSS, 2013).

Purpose of the Study

The purpose of this study was to investigate the initial efficacy of
the PM-2 intervention for improving the mathematics achievement
of second-grade students with or at risk for MD. PM-2’s develop-
ment was funded through a federally-funded design and develop-
ment project (Doabler, Clarke, Fien, Nelson, et al., 2015).
Prominent funding agencies, such as the Institute of Education Sci-
ences (IES) and the National Science Foundation (NSF), expect
such development projects to demonstrate “promise” of an inter-
vention for leading to desired student outcomes (The Institute of
Education Sciences, U.S. Department of Education and the National
Science Foundation, 2013). Generating sufficient initial efficacy
evidence can warrant conducting future efficacy trials to more for-
mally test the treatment effects of a newly developed intervention.
As such, the current research examines results from a recent pilot
study of PM-2 that employed a randomized controlled trial design
and included 130 second-grade students with or at risk for MD.

In addition to determining the intervention’s initial efficacy,
there was also strong interest in testing whether students derive
differential response from the PM-2 intervention. Recent research
suggests students’ initial skill is a risk factor for early MD and a
plausible explanatory variable of response variation among stu-
dents who receive early mathematics interventions (Clarke et al.,

2019; Fuchs et al., 2019; Powell et al., 2017; Vasilyeva et al.,
2020). In line with those studies, we examined whether and to
what extent students’ whole number skills prior to the start of the
PM-2 intervention served as a student-level predictor of differen-
tial response to the PM-2 intervention. Prior understandings of
whole numbers and operations may influence the extent to which a
student responds to instruction focused on measurement and statis-
tical investigation. Consequently, an insufficient understanding of
whole numbers and operations may hamper a student’s capacity to
understand and solve problems in these more complex mathemati-
cal contexts. However, we hypothesized initial mathematics skill
would not moderate the treatment effects of the PM-2 intervention.
The rationale for this hypothesis was based on the systematic and
explicit nature of the PM-2 intervention. One of the most consist-
ent findings of mathematics intervention research is that system-
atic and explicit mathematics instruction is effective for the full
range of at-risk learners (Fuchs et al., 2021; Gersten et al., 2009).
Therefore, we expected PM-2 to benefit the entire treated sample
and that the effects would be of similar magnitude across the range
of preintervention skills in whole numbers at the start of the inter-
vention. Two research questions were addressed:

1. Is there initial evidence of efficacy of the PM-2 interven-
tion on the mathematics achievement of second grade stu-
dents at risk for MD?

2. Is there initial evidence of differential response to the
PM-2 intervention as a function of pretest performance
on a distal measure of whole number understanding?

Method

This study analyzed efficacy data collected during a federally-
funded design and development project (Doabler, Clarke, Fien,
Nelson, et al., 2015). The PM-2 study employed a randomized
controlled trial and was conducted during the 2018-2019 school
year in a school district located in the Northwest region of the U.S.
Second-grade students were randomly assigned within classrooms
to one of two conditions: (a) the PM-2 intervention or (b) a control
(i.e., business-as-usual) condition. We elected to use this rigorous
research design to establish the initial efficacy of the PM-2 inter-
vention and better position it for more formal efficacy testing in
future research (The Institute of Education Sciences, U.S. Depart-
ment of Education and the National Science Foundation, 2013).

Participants
Schools

Classified as being situated in a large suburban locale, the par-
ticipating school district contained four elementary schools, all of
which participated in the current study. The district had an enroll-
ment of 5,338 students. Within the four schools, less than 1% of
students identified as American Indian or Native Alaskan; less
than 2% to 4%, Asian; less than 1%, Black; 5% to 21%, Hispanic;
less than 1%, Native Hawaiian or Pacific Islander; 69% to 85%,
White; and 5% to 8%, more than one race. Within these same
schools, 11% to 16% of students received special education serv-
ices; less than 5% to 10% were multilingual students; and 8% to
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34% were eligible for free or reduced-price lunch. These student
demographics were representative of other large suburban districts
in the state in which the current research was conducted.

Classrooms

To recruit participating classrooms, our research team initially
contacted the district’s curriculum director and mathematics coor-
dinator, who then consulted with the principals and mathematics
coaches at each elementary school. Following these conversations,
we then recruited all 13 of the district’s second-grade teachers.
Thus, 13 second-grade teachers or classrooms participated in the
study. All classrooms provided mathematics instruction in English
and operated five days per week. The thirteen classrooms each had
an average of 25.5 students (SD = 2.5). Of the 13 teachers, all
identified as female. Teachers had an average of 18.6 (SD = 8.1)
years of teaching experience and 10.7 (SD = 8.5) years of teaching
in second grade classrooms. Ten of the teachers had a master’s
degree in education, and eight had completed an algebra course at
the college level.

Students and Inclusion Criteria

As approved by our institutional review board, this study used a
passive parental permission process that included sending a passive
consent notification letter to parents of all students in the 13 partici-
pating classrooms. Our notification letter to parents described the
study’s purpose, its duration and desired outcomes, and procedures
to maintain confidentiality of student data. Parents then had the op-
portunity to decline their child’s participation by returning a pread-
dressed, prepared postcard. Of the 330 notification letters mailed,
three (1%) were returned and thus opted out of the study. Then, in
each participating classroom, all students with parental consent
were screened in the winter of their second-grade year. The screen-
ing process, which included 327 second-grade students, comprised
the four measures of the Texas Early Mathematics Inventory-Pro-
gress Monitoring (TEMI-PM; University of Texas System/Texas
Education Agency, 2008): Magnitude Comparisons, Number
Sequences, Place Value and Addition/Subtraction Combinations. In
each participating classroom, an independent evaluator rank ordered
students” TEMI-PM Composite scores and selected the lowest 10
students for study inclusion. Four alternate students (the next lowest
ranking students) were also preselected in each classroom.

Prior to random assignment, each participating teacher reviewed
their classroom’s list of the 10 lowest-ranking students and
removed any students with chronic absenteeism, significant behav-
ioral issues, or conflicts with receiving their special education
instruction. In cases where teachers removed a student from the list,
the student was replaced by one of the preselected alternates. Appli-
cation of the alternate-student model occurred with 18 students, of
which 15 were removed based on scheduling conflicts with ongoing
special education services and three owing to poor attendance.

The independent evaluator then created pairs of adjacent stu-
dents with respect to their TEMI-PM Composite scores. One stu-
dent from each pair was then randomly assigned to the PM-2
intervention (treatment) and the other to the control condition
(business-as-usual). Of the 327 students who were screened, 130
were randomly assigned within each of the 13 classrooms to the
treatment (n = 65) or the control conditions (n = 65). It is impor-
tant to note that to reduce the threat of compensatory rivalry our

research team did not reveal to control students the outcomes of
the random assignment process. In all, 13 intervention groups
were formed (one per classroom), each with five students.

Demographic data indicated that 17% of treatment and 11% of
control students received special education services, 6% and 5%
were multilingual students, 25% and 15% received free or reduced
lunch, and 63% and 57% were female, respectively. Although the
majority racial group for both conditions identified as White
(75%), 16% of treatment and 11% of control students were His-
panic, and 11% and 2% were Multiple Races, respectively. The
average student age at pretest was 7.7 years (SD = .4) in the treat-
ment and control conditions.

Interventionists

PM-2 intervention groups were taught by 13 interventionists, of
which 12 were district-employed instructional assistants and one
was hired specifically for this study. Each interventionist taught
one PM-2 intervention group. Among the interventionists, all iden-
tified as female. Most had previous experience with small group
mathematics instruction (53%) and held a bachelor's degree or
higher (67%). Interventionists had an average of 6.7 (SD = 4.8)
years of teaching experience and 53% had taken an algebra course
at the college level.

Procedure
PM-2 Intervention

PM-2 is a Tier 2 mathematics intervention designed to build stu-
dents’ conceptual understanding and problem-solving skills in the
area of early measurement and statistical investigation. The scope
and sequence of the intervention draws from three of the four sec-
ond-grade standards within the measurement and data domain of
the CCSS-M (2010), including (a) measure and estimate lengths in
standard units, (b) relate addition and subtraction to length, and (c)
represent and interpret data. A preponderance of empirical evi-
dence suggests that explicit and systematic instruction is the most
effective method for teaching mathematics to students at-risk for
MD (Fuchs et al., 2021; Gersten et al., 2009). Therefore, the pro-
gram was engineered to embrace an explicit and systematic
instructional design framework. Lessons are fully scripted with
activities structured to include overt teacher modeling, scaffolded
opportunities for students to work with concrete and representa-
tional mathematical models and engage in mathematics verbaliza-
tions, and academic feedback to confirm correct answers and to
address errors and potential misconceptions.

To support students’ conceptual understanding of statistical
investigation, the PM-2 intervention utilizes a framework of statis-
tical investigation issued by the American Statistical Association
(Franklin et al., 2007). The framework, outlined in the Guidelines
for Assessment and Instruction in Statistics Education (GAISE)
Report, includes four components: (a) formulate research ques-
tions; (b) collect relevant data; (c) organize and represent data on
graphs, and analyze data to address the targeted research question;
and (d) interpret the results. Students learn why the components
are important and how to apply them in different measurement
and data-driven problem-solving contexts. For example, an activ-
ity situated in the context of ecosystems teaches students the im-
portance of making precise observations of plant growth after
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exposure to sun and water. Students are then afforded opportuni-
ties to make sense of their measurements and justify their
conclusions.

In the area of measurement, the intervention prioritizes several
big ideas of length measurement. These concepts and skills
include (a) partitioning, (b) length-unit iteration, (c) transitivity,
(d) alignment of the zero-point on a ruler, and (e) the inverse rela-
tionship between the size of the unit of measure and the number of
those units (CCSWT, 2011; Clements & Stephan, 2004). Addi-
tionally, students learn to solve addition and subtraction word
problems involving lengths. To build comprehension of these tar-
geted concepts and procedures, PM-2 offers frequent opportunities
for students to represent them in different science-related situa-
tions. For example, PM-2 introduces the concept of partitioning,
which refers to the understanding that the length of an object can
be subdivided into smaller equal sized units, in the context of stu-
dents using centimeters and inches to measure the length of differ-
ent animals. In a subsequent set of lessons, the intervention
provides explicit opportunities for students to make connections
with the concept of partitioning by having them use virtual yard
sticks to measure the above sea level height of icebergs.

Along with developing students’ mathematical proficiency with
early concepts of measurement and statistical investigation, the
PM-2 intervention prioritizes two other foundational aspects of
early mathematics. The first is clear and concise mathematical lan-
guage (Fuchs et al., 2021; Riccomini et al., 2015). Students have
the opportunity to practice using precise mathematical language
specific to measurement and data analysis (e.g., centimeter, height,
line plot, pictograph) along with academic vocabulary that is used
more broadly across content areas (e.g., explain, investigation,
combine). Given the rich literature base behind direct vocabulary
instruction (e.g., Coyne et al., 2010), the PM-2 intervention uti-
lizes this instructional approach by explicitly introducing the terms
in student-friendly language, and offering systematic opportunities
for review and practice incorporated across the Investigative Units.
These opportunities are important for multilingual students and
other students who demonstrate academic risk because they allow
them to (a) hear and practice the correct pronunciation of key
mathematical terms, (b) understand the meaning of targeted words
in multiple contexts, and (c) verbally apply their understanding of
the target words by using them in complete sentences.

The second aspect prioritized in PM-2 is the word problem sub-
types specified in the CCSS-M (2010) for second grade. Specifi-
cally, PM-2 lessons address add-to, take-from, put-together, take-
apart, and compare situations, with the unknowns or missing infor-
mation mostly in the third position of equations (e.g., 8 — 5 = x).
Students are explicitly taught how to use a schema-broadening
instructional approach (Powell, 2011) to identify and use the struc-
tural features underlying each problem type to guide their solution.
Following the introduction of new problem types, word problems
are integrated into the lessons to allow for practice embedded in
the context of measurement and statistical investigation.

PM-2 relies upon a “hybrid” framework (Doabler, Clarke, Fire-
stone, et al., 2019) that integrates technology with print-based
activities and hands-on problem-solving investigations to promote
a robust understanding of critical measurement and data analysis
concepts and problem-solving skills among students with MD.
Measurement activities, such as physically iterating a unit to mea-
sure an object’s length, or working with formal measurement tools

such as rulers or meter sticks, are introduced through hands-on
and technology-based activities designed to promote conceptual
understanding and generalization of measurement concepts. The
technology-based activities offered on the PM-2 app are operated
on iPads. All iPad-based activities are controlled by a teacher
iPad, with students following along on Wi-Fi—connected individ-
ual iPads to allow for individualized instruction and practice. The
teacher iPad offers a “teacher view” component, which displays
student data boxes across the top of the screen to show how stu-
dents respond to real-time questions on their respective iPads.
Across the tech-and print-based mediums of instruction, students
are able to engage in mathematical discourse with their teacher
and peers around core concepts of measurement and data analysis.

The following provides an example of a lesson that incorporates
both hands-on and iPad-based activities (see sample lesson for
Week 5, Day 2 in the online supplemental materials). To begin,
the teacher leads students through vocabulary practice on the iPads
to review key words and their definitions, such as inch, length, me-
ter, and the word problem types. Special attention is given to the
“compare” word problem type, which is used later on in the lesson
during the statistical investigation. Students then use standard rul-
ers to measure three paths that different bees took when pollinat-
ing flowers, shown on a worksheet. In this activity, the teacher
introduces the concept of the zero point (i.e., the end of the ruler)
and the distance to the first hash mark (1 in.), and has students use
inch tiles to confirm the length-units of the ruler. Students record
the lengths of the paths in inches on the worksheet. The teacher
then leads students through a statistical investigation on their iPads
to answer the question, “How many more bees traveled 30 in. than
40 in.?” Students use virtual rulers on the iPad to measure the
lengths of various bee paths and record distances on a line plot.
They are last guided to use their graphical data to solve the com-
pare word problem and to write a corresponding equation.

In this study, the PM-2 intervention was delivered in 30-min,
small group formats (i.e., five students per interventionist), four
days per week for approximately eight weeks, beginning in early
winter. Because PM-2 is designed as a supplemental intervention,
treatment students continued to receive core mathematics instruc-
tion during the study. It is also important to note that treatment stu-
dents did not receive Tier 2 mathematics intervention support
above and beyond the PM-2 intervention. Moreover, to further
reduce the threat of compensatory rivalry and possibility of resent-
ful demoralization among control students (Shadish et al., 2002),
the PM-2 intervention was delivered in settings outside the general
education classroom.

Professional Development

All interventionists participated in two 4-hr professional devel-
opment workshops delivered by project staff. The first workshop
was held prior to the start of PM-2 implementation and focused on
the instructional objectives and content of Lessons 1-16, small
group management strategies (e.g., managing group-level mathe-
matics discourse), and effective instruction using iPads. The sec-
ond workshop targeted new objectives and content introduced in
Lessons 17-32. Across workshops, interventionists were provided
opportunities to practice and receive feedback on lesson delivery
from project staff. To promote implementation fidelity, all inter-
ventionists received approximately two in-class coaching visits
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from members of the curriculum development team, who had spe-
cialized knowledge and training in evidence-based mathematics
instruction and the PM-2 intervention. Coaching centered around
implementation of the PM-2 intervention and effective small
group instructional practices and included feedback on instruc-
tional quality and fidelity of intervention implementation. Results
indicated coaches’ postobservation debriefings with the interven-
tionists lasted an average duration of 6.9 minutes (SD = 3.8).

Fidelity of Implementation

Fidelity of implementation was measured via direct observa-
tions by members of the curriculum development team. Data were
aggregated to the interventionist level to describe average ratings
observers gave each interventionist across visits (mean number of
visits = 1.8, range = 1-3). Observers documented 19 features of
intervention implementation, including presence of 16 core princi-
ples of instruction and 3 impressions of instructional quality. De-
scriptive statistics for ratings of the presence of core principles
(coded 1 ‘not at all’ to 5 ‘fully present’) and overall impressions
(coded 1 = low to 5 = high) are presented in Table 1. Results indi-
cated that all core principles were almost fully present and overall
impressions were high. To mitigate the potential for contamination
or treatment diffusion (Shadish et al., 2002), access to PM-2’s
technology-based activities, which represent a core component of
the intervention, was managed through a password protection pro-
cess. Therefore, participating interventionists were required to
enter their unique identification number on the teacher and student
iPads for each lesson. Data on entry to the intervention was then
collected via our institute’s database. In monitoring this informa-
tion, we found no evidence to suspect treatment contamination
(e.g., excessive intervention usage on a daily basis).

Table 1
Descriptive Statistics for Fidelity of Implementation of PM-2
Measure M (SD)

Core principles of instruction
Prepare for lesson 4.8 (0.4)
Organization of materials 5.0 (0.1)
Seating conducive to task 4.8 (0.3)
Students engaged in lesson 4.3 (0.6)
Students follow routines and expectations 4.4 (0.6)
Tasks modeled for students 4.7 (0.4)
Guided practice provided 4.7 (0.3)
Individual practice provided 4.7(0.3)
Clear group response signal used 3.9 (0.7)
Feedback is specific and timely 4.4(0.6)
Affirmation of correct responses 4.1(0.8)
Immediate correction of errors 4.3 (0.5)
Additional practice provided 4.5(0.4)
Objectives met with high success 4.4(0.5)
Pace of instruction appropriate 4.4 (0.6)
Use of iPads appropriate 4.7(0.4)

Overall impressions of instructional quality
Fidelity of implementation 4.8 (0.4)
Quality of student—teacher interactions 4.3 (0.5)
Quality of interaction with technology 4.7(0.4)

Note. PM-2 = Precision Mathematics Grade 2. Fidelity data were based
on coaching visits to all interventionists. Ratings of the presence of core
principles were coded 1 = not at all to 5 = fully present, and overall
impressions were coded 1 = low to 5 = high.

Control Condition

The control condition, which consisted of school-based Tier 1
and Tier 2 instructional supports, was documented through teacher
surveys. For their core (Tier 1) mathematics instruction, all teach-
ers reported using Bridges in Mathematics, a PK—5 mathematics
curriculum that is aligned with the CCSS-M and delivered in a va-
riety of instructional formats, including whole-class, small-group,
and 1:1 settings. Teachers noted that they provided an average of
59 min (SD = 21.58) of daily core mathematics instruction. Most
teachers (82%) indicated that teaching number and operations in
base ten was prioritized in their core instruction, followed by oper-
ations in algebraic thinking. As reported by teachers, approxi-
mately 11 of the 65 (17%) control students received Tier 2
mathematics intervention support in addition to their core instruc-
tion. The majority of teachers reported using the Bridges in Mathe-
matics intervention program during the Tier 2 instruction. Such
supports, which began in September and ran until the remainder of
the school year, were delivered in small-group formats, four days
per week in 30-min sessions, which was an equivalent dose of
Tier 2 instruction to that of PM-2 during the study. The reported
focus of Tier 2 control instruction was on finding patterns in num-
bers, fact families, identifying the relationship between addition
and subtraction, and decomposing and composing numbers.

Mathematics Outcome Measures

Four mathematics outcome measures were administered at pre-
test and posttest. These measures included a proximal assessment
that measured skills identified in the CCSS-M (2010) for second
grade and three distal mathematics outcome measures. Trained
research staff administered the measures and interscorer reliability
criteria = .95 were met for all assessments.

Precision Mathematics-2 Proximal Assessment is an individu-
ally administered measure that comprises 24 items related to topics
identified under the measurement and data domain in the CCSS-M
(2010) for second grade. In an untimed setting, students are asked
to measure objects, identify appropriate units for objects and the
relationship between measurement units, create and interpret
graphs, and identify word problem types. Coefficient alpha for the
current study sample was .58 at pretest and .68 at posttest. Concur-
rent validity correlations with the Early Measurement-Curriculum
Based Measure and Texas Early Mathematics Inventory-Progress
Monitoring scores were .21 and .25 at pretest and .29 and .46 at
posttest, respectively.

Texas Early Mathematics Inventory-Progress Monitoring
(TEMI-PM; University of Texas System/Texas Education Agency,
2008) assesses students’ number sense and understanding of quan-
tity. For second grade, the TEMI-PM consists of four individually
administered two-minute measures including (a) Magnitude Com-
parisons, (b) Number Sequences, (c) Place Value, and (d) Addi-
tion/Subtraction Combinations. Alternate form reliability of the
TEMI-PM is reported at greater than .75 for all subtests (Bryant et
al., 2008). Concurrent validity with the SAT-10 and ITBS ranges
from .50 to .72 and predictive validity with the SAT-10 ranges
from .57 to .65 (Bryant et al., 2008). In the current study, we used
the total score generated from all four TEMI-PM measures (i.e.,
TEMI-PM Composite) as one of our primary distal outcome meas-
ures of student mathematics achievement. In our sample,
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coefficient alpha for the composite score was .98 at pretest and
posttest and the concurrent validity correlation with the Early
Measurement-Curriculum Based Measure was .53 at pretest and
.51 at posttest.

Word Problems (Jordan & Hanich, 2000) is an individually
administered, assessment of students’ word problem solving skills.
Students are asked to solve 14 word problems focused on money
(i.e., pennies) and ranged from conceptually simple to conceptu-
ally complex. Four types of story problems are assessed: change
problems, combine problems, compare problems, and equalize
problems, with the missing variable in all positions (e.g., addends,
minuends, total). All problems involve basic number combinations
with sums and minuends up to 9 in an untimed format. Coefficient
alpha for the current study sample was .76 at pretest and .83 at
posttest. Concurrent validity correlations with the Early Measure-
ment-Curriculum-Based Measures (EM-CBM) Composite and
TEMI-PM scores in the current sample were .31 and .52 at pretest
and .37 and .50 at posttest, respectively.

EM-CBM (Clarke et al., 2021) is an individually administered
set of four, researcher-developed, one-minute fluency-based
CBMs focused on the broader concepts of early measurement
identified in the CCSS-M (2010) for second grade. The EM-CBM
battery comprises four distal measures: (a) Comparison of Three
Objects, (b) Iteration-1, (c) Iteration-2, and (d) Measurement of
Two Items Using an Object. These measures assess students’
understanding of length comparisons of multiple objects, length
comparison of two objects using a third, and iterative measure-
ment using a nonstandard measurement tool. EM-CBM is a timed
assessment, therefore, coefficient alphas were not calculated
(Anastasi, 1988; Burns & Dobson, 1981). The correlation between
pretest and posttest EM-CBM scores was .66. The concurrent va-
lidity correlation with the TEMI-PM Composite was .53 at pretest
and .51 at posttest.

Statistical Analysis

We tested the initial efficacy of the PM-2 intervention using a
mixed Time X Condition analysis designed to account for students
(unit of random assignment) nested within small groups in the
treatment condition and not nested in the control condition (Bald-
win et al., 2011; Bauer et al., 2008). These partially nested analy-
ses tested for differences between conditions on changes in
outcomes from pretest to posttest and are described in detail by
Doabler et al. (2016). The model included effects of condition,
time, and the Time X Condition interaction, with condition coded
0 for control and 1 for treatment and time coded O at pretest and 1
at posttest. The effect of condition represents the difference in out-
come between the treatment and control conditions at pretest. The
effect of time represents the change in outcome from pretest to
posttest among the control condition. The Time X Condition inter-
action represents the difference in change in outcome between the
treatment and control conditions. We also examined whether pre-
test TEMI-PM scores predicted differential response to the PM-2
intervention by expanding the statistical model to include the mod-
erator and its interaction with condition, time, and the Time X
Condition term. The three-way interactions provided estimates of
whether condition effects varied by pretest mathematics skill
levels.

Model Estimation

We performed the analyses with SAS PROC MIXED Version
9.4 (SAS Institute, 2016), restricted maximum likelihood estima-
tion, and Satterthwaite approximation to determine degrees of
freedom. Maximum likelihood estimation uses all available data
and produces potentially unbiased results even in the face of sub-
stantial missing data, provided the missing data were missing at
random (Schafer & Graham, 2002). We considered this assump-
tion tenable given the minimal rates of missing data. The statistical
model also assumes independent and normally distributed obser-
vations. We addressed the first of these assumptions by modeling
the multilevel nature of the data. The outcome measures in the
present study also did not markedly deviate from normality; skew-
ness and kurtosis fell within =2.3.

Effect Sizes and Interpretation of Results

Hedges’ (1981) g values were calculated to characterize the
magnitude of treatment effects (WWC, 2020). In response to the
recommendations of the American Statistical Association (Was-
serstein & Lazar, 2016), we abstained from using bright-line rules,
such as from claims of “statistical significance” when p < .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, Hy (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’ g values,
we report Akaike weights (Akaike, 1973), which describe the
strength of evidence for 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 “repli-
cate data set from the same system” (Burnham et al., 2011, p. 30).
They quantify the strength of evidence for each hypothesis, repre-
sented by a statistical model, given the data and all other hypothe-
ses (models) tested. For each analysis, we compared models for
two hypotheses, one with the intervention effect (H5) and one
without (Hyp), and reported the Akaike weight, w, for the model
with the condition effect (H,). With only two models, the model
probability for Hy, the model without the condition effect, is 1 —
w. Hence, w = .75 suggests that the probability of Hp is .75,
whereas the probability of Hy is .25. This roughly corresponds to a
result with p = .05, which implies the limited value of “just-signifi-
cant” results (p ~ .05). In such a case, the model for Hy has an
approximately 75% chance of being the best-fitting model; in other
words, the model for Hy is only three times as likely as the model
for Hy given the data. We considered model probabilities at or
above .75 or p < .05 as statistical evidence of an effect.

Results

Baseline Equivalence and Attrition

Table 2 presents means, standard deviations, and sample sizes
for the four outcome measures by assessment time and condition.
Treatment and control groups did not differ on pretest outcomes
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Table 2
Descriptive Statistics for Mathematics Outcome Measures by Assessment Time and Condition
Pretest Posttest
Measure Intervention Control Intervention Control

PM-2 proximal assessment

M (SD) 12.9 (3.1) 13.0(3.2) 17.8 (3.0) 16.3 (3.6)

n 63 64 64 63
EM-CBM composite

M (SD) 46.0 (13.5) 459 (15.7) 61.3 (14.1) 58.6 (16.2)

n 59 56 61 59
TEMI-PM composite

M (SD) 82.1 (15.1) 81.1 (17.4) 96.7 (18.4) 96.1 (22.8)

n 65 65 64 63
Word problems

M (SD) 10.2 (3.0) 10.3 (3.1) 10.9 3.1) 114 (3.1)

n 64 63 64 63
Note. EM-CBM = Early Measurement-Curriculum-Based Measures; PM-2 = Precision Mathematics Grade 2; TEMI-PM = Texas Early Mathematics

Inventory-Progress Monitoring; The sample included 65 treatment students and 65 control students. EM-CBM = Early Measurement — Curriculum Based
Measures; TEMI-PM = Texas Early Mathematics Inventory-Progress Monitoring.

(gs = .07, ps = .6640). Examination of attrition between pretest
and posttest revealed 98% (64/65) of the treatment and control stu-
dents completed a posttest assessment.

Evidence of Intervention Effects for PM-2

We first tested the hypothesis that students in the intervention
condition experienced greater increases in mathematics outcomes
than did students in the control condition. Among those students
identified as eligible for PM-2, we found differential gains favor-
ing students in the intervention condition on the PM-2 proximal
assessment (g = .50 [.08, .91], 119 = 2.51, p =.0210; w = .84). The
effect size was medium, and the model estimate for differences in
gains between conditions was 1.6. Limited evidence of interven-
tion effects was observed with the EM-CBM (g = .18 [—.15, .51],
t4g = 1.11, p = 2710; w = .39), TEMI-PM (g = —.01 [—.23, .21],
134 = —.09, p = .9268; w = .26), and Word Problems assessment
(g =—.13[-.35,.10], t;, = —1.13, p = .2613; w = .39). See Table
3 for complete model results.

The model probabilities in the first row of Table 3 suggest that the
hypothesis of condition effects was likely to describe the data for
PM-2 proximal assessment; the model with condition effects had a
considerably higher weight (w) of .84 compared with the model with-
out condition (1 —w = .16). The model probabilities suggest that the
hypothesis of condition effects was unlikely to describe the data for
the other three outcomes; the models without condition effects had
considerably higher weights of (1 — w) .61, .74, and .61 for the EM-
CBM, TEMI-PM, and Word Problems assessment, respectively.
Likelihood ratio tests summarized in the bottom two rows of Table 3
indicated that homoscedastic residuals fit better than heteroscedastic
residuals for all student outcomes. Time X Condition effects were
similar in the heteroscedastic and homoscedastic models.

Evidence of Differential Response

Next, we examined whether pretest TEMI-PM scores moderated
the PM-2 intervention effects. To do so, we added this variable
and its interaction with condition, time, and the Time X condition
term to the model. Table 4 presents tests of differential response to

PM-2 as a function of pretest TEMI-PM scores for each respective
student mathematics outcome. Tests of the three-way interactions
provided evidence that pretest TEMI-PM scores moderated inter-
vention effects on EM-CBM scores (¢, = 2.75, p = .0070; w =
91). For these models, w describes the model probability for the
model with the test of moderation compared with an equivalent
model without the necessary three-way interaction. Therefore, the
EM-CBM model with the moderation effect (i.e., three-way inter-
action) was more likely than the model without (w = .91). Differ-
ential effects of PM-2 by preintervention numeracy skill levels
were not observed for the PM-2 Proximal and Word Problems
assessments.

Figure 1 illustrates the differential effects of PM-2 on the EM-
CBM based on pretest TEMI-PM scores. The graph depicts the esti-
mated difference between conditions (vertical axis) across the range
of pretest TEMI-PM scores (horizontal axis) surrounded by confi-
dence bounds. Zero on the vertical axis represents no difference
between conditions. The vertical lines within the graph represent
sample percentiles, not unlike a boxplot. The vertical lines show that
about 25% of the students received pretest TEMI-PM scores below
75.0 and 5% below 56.0. The confidence bounds exclude zero at
TEMI-PM scores of 90.0 or higher, or for students scoring above
the 68th percentile (42nd percentile within the TEMI-PM norm-ref-
erenced sample). This suggests that only the 32% of the students
with the highest pretest TEMI-PM scores demonstrated differential
gains in EM-CBM scores favoring the PM-2 intervention condition.

Discussion

This article reports findings from a pilot study aimed at testing
the initial efficacy of PM-2, a recently developed Tier 2 interven-
tion designed to teach at-risk second-grade students the founda-
tional concepts and skills of early measurement and statistical
investigation identified in the CCSS-M (2010). A total of 130 sec-
ond-grade students with or at risk for MD participated in the
randomized controlled trial, with students randomly assigned
within classrooms to treatment (PM-2) or control (BAU) condi-
tions. Two research questions were addressed.
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Table 3
Results of a Partially Nested Time X Condition Analysis of Pretest to Posttest Change in Mathematics Outcomes
Effect or Statistic PM-2 Proximal EM-CBM TEMI-PM WP
Model probability (w) .84 .39 .26 .39
Fixed effects
Intercept 13.0%** (0.4) 45.5%%% (1.9) 81.1%%% (2.3) 10.2%%% (0.4)
Time 3.3%%% (0.4) 12.8%%* (1.9) 14.8%%* (1.6) 1.2%%%(0.3)
Condition ~0.1(0.7) 0.0 2.7) 1.1(42) 0.0 (0.6)
Time X Condition 1.6* (0.7) 2.8 (2.5) -0.2 (2.3) —0.4(0.3)
Variances
Group-level intercept 1.6 (1.2) —0.1 (18.9) 108.6 (58.3) 1.5 (1.1)
Group-level gains 0.7 (0.9) —4.7 (7.8) 2.7 (8.5) —0.4*(0.2)
Student-level pre—post covariance 3.3%% (1.2) 126.5%%* (31.1) 166.1%%% (43.2) 5.5%%*% (1.2)
Residual 4.7#%% (1.0) 99.0%** (15.9) T4.4%%% (12.2) 3.0%%* (0.4)

Hedges' g [95% CI]

Time X Condition 0.50[0.08, 0.91]

p value

Time X Condition .0,210
BH p value

Time X Condition .0,840
df

Time X Condition 19
Likelihood ratio x> 3.45
P value 1,778

0.18 [-0.15, 0.51]

—0.01[-0.23,0.21] —0.13 [-0.35, 0.10]

2,710 9,268 2,613
3,613 9,268 3,613
48 34 72
2.25 2.77 4.30
3,248 .2,500 1,163

Note. EM-CBM = Early Measurement-Curriculum-Based Measures; PM-2 = Precision Mathematics Grade 2; TEMI-PM = Texas Early Mathematics
Inventory-Progress Monitoring; WP = Word Problems. Table entries show parameter estimates with standard errors in parentheses except for model proba-
bilities (Akaike weights), Hedges’ g values, p values, Satterthwaite degrees of freedom (df), and > values. The model probabilities indicate the likelihood
of the model that contains the condition effect compared with the model without the condition effect given the data. p values provided with and without
the Benjamini-Hochberg (BH) correction. Likelihood ratio tests compared homoscedastic residuals to heteroscedastic residuals with a criterion o of .10

and two degrees of freedom.
*p < .05, *Fp< .0l #Ep <001

Initial Intervention Efficacy

Our first research question examined the intervention’s proxi-
mal effects on a researcher-developed assessment related to topics
identified under the measurement and data domain in the CCSS-
M. Distal effects were investigated with a word problem-solving
assessment and a norm-referenced, general outcome measure
focused on number, operations, and quantitative reasoning. A set
of four CBMs focused on foundational concepts of early measure-
ment were also administered to examine distal outcomes.

Overall, findings were mixed. We found preliminary evidence
of PM-2 effects on the PM-2 proximal assessment, with treatment
students demonstrating greater gains than their control peers
across the study period. The effect size (Hedges’ g) was medium,
and the Akaike weight (w) implied that the model with the condi-
tion effect was more likely than the model that assumed the null
hypothesis of no condition effect (.84 vs. .16). A small positive
effect size (g = .18) was also estimated for the measurement
CBMs, but the Akaike weight implied that the model with the con-
dition effect was slightly less likely than a model that assumed the
null hypothesis (.39 vs. .61). We found no statistical evidence of
positive intervention effects on the Word Problems assessment or
the broader measure that assessed students’ foundational number
and numeration skills (TEMI-PM). Given the targeted focus of the
PM-2 intervention, the lack of transfer to a set of distal measures
primarily comprising number concepts perhaps should not be sur-
prising. Nonetheless, it is plausible that the short duration of the
PM-2 intervention (32 lessons) affected the lack of generalization
of skills to the TEMI-PM and Word Problems assessments. The
skills taught in the PM-2 intervention may require more time to

develop and eventually transfer to these more distal outcomes.
Thus, administration of a delayed posttest might provide time for
the skills learned in PM-2 to marinate and impact other skills (e.g.,
whole number computation).

Encouragingly, preliminary evidence of “promise” emerged for
improving students’ proximal outcomes on a researcher-developed
measure. Although the measure aligns with the instructional goals
of the PM-2 intervention, its items were purposefully developed to
directly reflect the measurement and data analysis topics identified
in the CCSS-M. Therefore, we contend that it taps into the broader
mathematical concepts and skills that students are expected to
learn in second grade. Given that measurement and data analysis
compose critical areas of mathematics and students’ mathematical
learning, these findings, although preliminary, add beginning sup-
port for the field to extend assessment and intervention work in
areas of mathematics beyond whole numbers and early number
sense skills (Vasilyeva et al., 2020).

Our findings of larger effects on a more proximal-aligned mea-
sure and no significant effects on broader outcome measures are
similar to that commonly reported in mathematics (see Gersten,
2016) and reading intervention studies (e.g., Pressley et al., 2006;
Swanson et al., 2017). Thus, it raises questions in the present study
for how targeted mathematics interventions, such as PM-2, can
help students transfer their knowledge to other contexts and out-
comes. For example, word problem instruction is a main fixture of
the PM-2 intervention. Yet, nonsignificant negative effects were
found on the Word Problems assessment (Jordan & Hanich,
2000), a measure focused on total, difference, and change word
problem types. Even though the Word Problems measure is con-
textualized around money (i.e., pennies), we expected treatment
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Table 4
Tests of TEMI-PM Scores as Predictor of Differential Response to Intervention
Effect or Statistic PM-2 Proximal EM-CBM TEMI-PM WP
Model probability (w) .34 91 .61 .36
Fixed effects
Intercept 13.0%#% (0.4) 44 7+ (1.8) 81.6%#%* (1.1) 10.2%%#% ((.3)
Time 3.3%%% (0.4) 13.5%%% (1.8) 14.8%%%* (1.5) 1.2%%% (0.3)
Condition —0.2 (0.6) 0.7 (2.3) 0.0 (1.6) —0.1(0.4)
Time X Condition 1.6* (0.6) 1.5(2.5) —0.1(2.3) —0.4 (0.4)
TEMI 0.0 (0.0) 0.5%#% (0.1) 1.0%#* (0.1) 0.1%%% (0.0)
TEMI X Condition 0.0 (0.0) —-0.3(0.2) 0.0 (0.1) 0.0 (0.0)
TEMI X Time 0.1%* (0.0) —0.2% (0.1) 0.1 (0.1) 0.0 (0.0)
TEMI X Time X Condition 0.0 (0.0) 0.5%* (0.2) —0.1(0.1) 0.0 (0.0)
Variances
Group-level intercept —0.1 (0.9) —18.3(9.9) 0.0 (5.9) —0.4 (0.4)
Group-level gains 0.8 (0.9) —-0.9 (8.9) 3.1(8.4) —0.2(0.1)
Student-level pre—post covariance 3.6%* (1.1) 120.8%** (26.1) 0.0 (8.4)
Residual 4.3%%% (().9) 87.7%%% (15.0) 72.5%%% (11.9)
PM-L1 residual 2.0%%% (0.4)
Pre—post covariance 5.1 (1.3)
Control Residual 3.5%%* (0.6)
Pre—post covariance 3.7%%% (1.0)
P value
TEMI X Time X Condition .3,496 .0,070 2,749 2,934
BH p value
TEMI X Time X Condition 3,496 .0,280 3,496 .3,496
df
TEMI X Time X Condition 124 112 116 98
Likelihood ratio > 2.86 2.42 1.20 5.11
P value .2,390 2,978 .5,493 .0,779
Note. EM-CBM = Early Measurement-Curriculum-Based Measures; PM-2 = Precision Mathematics Grade 2; TEMI-PM = Texas Early Mathematics

Inventory-Progress Monitoring; WP = Word Problems. Table entries show parameter estimates with standard errors in parentheses except for model probabil-
ities (Akaike weights), p values, Satterthwaite degrees of freedom (df), and %> values. The model probabilities indicate the likelihood of the model that con-
tains the condition effect compared with the model without the condition effect given the data. p values provided with and without the Benjamini-Hochberg
(BH) correction. Likelihood ratio tests compared homoscedastic residuals to heteroscedastic residuals with a criterion o of .10 and two degrees of freedom.

*p <05, *rp < 0l #®FEp < 001

students to generalize the problem-solving skills acquired during
the PM-2 intervention to this measure. Perhaps the lack of impact
on the Word Problems assessment was attributable to the fact that
the measure contains items with the missing variable in all posi-
tions (e.g., addends, minuends, total), whereas the PM-2 interven-
tion primarily targets problems with missing information in the
more common third position of equations (e.g., 8 — 5 = x). Regard-
less of the reason, future revisions to the PM-2 intervention may
be necessary to best help students become stronger problem
solvers.

Differential Response

Our second research question examined for differential
response to the PM-2 intervention. Although efficacy data are an
integral component for building the knowledge base on effective
instructional practices and establishing evidence behind aca-
demic interventions, alone these data are insufficient to grasp
why an intervention works, for whom, and under what condi-
tions. As such, the field has begun to further the call for educa-
tional researchers to investigate students’ preexisting knowledge
of foundational academic content as a predictor of students’
responsiveness to such treatments (Fuchs & Fuchs, 2019). How-
ever, recent explorations into initial skill status and intervention
response have shown incongruous results. For example, some
studies have found students with lower initial skills benefit most

from academic interventions (Clarke et al., 2019), whereas
others have shown differential response benefiting students with
higher pretest achievement (Vaughn et al., 2019). Conversely,
findings from other research point to no moderation effects by
initial skill levels (Fuchs et al., 2019).

Based on the instructional design of PM-2, we anticipated posi-
tive intervention effects across the range of at-risk students and lit-
tle evidence of differential response owing to initial skill.
However, for the battery of experimental CBMs, only students
with the highest pretest TEMI-PM scores benefited from the inter-
vention. This mixed evidence of differential response as a function
of preintervention mathematics achievement suggests that future
edits to PM-2 may be necessary to better ensure its effects are
comparable regardless for where students’ mathematics skill levels
fall on a continuum of at-risk performance.

Limitations

In light of interpreting the current study’s findings and planning
for future intervention design and development work in the areas
of measurement and statistical investigation, several limitations
should be considered. One limitation was our small sample size
and underpowered statistical analyses. Nonetheless, the sample
size included in the current study is comparable to other pilot stud-
ies where the unit of randomization is at the student level (e.g.,
Bryant et al., 2011; Dyson et al., 2013). On a related note, our
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Figure 1
Differential Effects of PM-2 on the EM-CBM Scores Based on
Pretest TEMI-PM Scores
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Note. EM-CBM = Early Measurement-Curriculum-Based Measures;

PM-2 = Precision Mathematics Grade 2; TEMI-PM = Texas Early
Mathematics Inventory-Progress Monitoring. The vertical axis shows the
difference between conditions—zero on the vertical axis represents no
difference between conditions—and the horizontal axis represents the
range of pretest TEMI-PM scores. The heavy increasing line depicts the
mean difference between conditions at each pretest value. The two thin-
ner, outer lines show the 95% confidence interval around the mean esti-
mate. To show the location of the sample on the graphs, the vertical lines
within each figure depict the median (heavier vertical line), 25th and 75th
percentiles (thinner long lines), and the 5th and 95th percentiles (short
outer lines). For example, a TEMI-PM score of about 70.0 represents the
lower 25th sample percentile at pretest.

sample mostly comprised students who identified as White.
Although student demographics in the participating district were
representative of other large suburban districts in the state in which
the current research was conducted, working with a more diverse
group of students would increase the generalizability of our
findings.

Another limitation was our method for using the pretest per-
formances of the 10 lowest students per classroom to identify our
student sample. Based on some of our previous mathematics inter-
vention work in early elementary classrooms (Fien et al., 2016),
we anticipated that selecting the 10 lowest students of a class of 25
students would result in a study sample of at-risk students.
Although our approach in the current study was less rigorous than
using a defined cutoff score, it should be noted that the process
employed resulted in an average TEMI-PM pretest score for our
analytic sample that corresponded to the 27th percentile and that
67% of the student sample scored below the 40th percentile.
Recent syntheses suggest that student performance at or below the
40th percentile is considered at-risk for MD (Nelson & McMaster,
2019; Nelson & Powell, 2018). Therefore, results from the present
study may generalize to students who score slightly above the
TEMI-PM threshold for supplemental intervention eligibility.
Regardless, to improve the rigor of our screening process, future
research should employ a defined cut score of initial mathematics
skill.

Relatedly, our inclusion process allowed for teachers to remove
students prior to random assignment. However, for the vast majority

of students, their exclusion was based on exogenous factors beyond
our control. For example, 15 of the 18 excluded students had sched-
uling conflicts between their special education services and the daily
delivery of the PM-2 intervention. Despite this, it is worth noting
that the percentage of students who remained in our sample and
received special education services still equaled the percentages
reported at the participating school levels.

The use of a passive control (business-as-usual) group also ham-
pered our ability to conclude that PM-2 was more effective than a
particular intervention. Prior to conducting the current study, we
made an a priori decision for incrementally building evidence of
“promise” around the newly designed PM-2 intervention. Thus, a
passive control condition was a most logical first step in our inter-
vention development and testing process. Relatedly, while infor-
mation on the nature of mathematics instruction delivered in the
control condition was documented through teacher surveys, a
more nuanced measurement tactic, such as direct observation, may
have offered a more vivid picture of the counterfactual, a deeper
explanation of the current study’s findings, and a more robust
method of monitoring treatment contamination. For example,
results indicated nonsignificant negative effects on the word prob-
lem measure. A direct observation system may have revealed that
control students received more frequent opportunities to practice
solving different word problems than their PM-2 peers.

Furthermore, there were limitations around assessment meas-
ures owing to available resources and funding. For example, one
major challenge encountered in the current study was the lack of
available assessments to capture students’ skills in the domain
of measurement and statistical investigation. Given this paucity
of outcome measures, we believe our colleagues who conduct
research in the areas of measurement and statistical investiga-
tion have encountered similar shortages. To combat this short-
age, our team developed two of the study’s outcome measures,
the PM-2 Proximal Assessment and the EM-CBM measures. It
is important to note that despite being researcher developed, nei-
ther measure was tailored specifically to the PM-2 intervention.
Rather each was developed to map directly onto the broader big
ideas of length measurement and statistical investigation identi-
fied in the second-grade CCSS-M (2010). In this way, treatment
and control students had equal opportunity to access and learn
the mathematical content purported to be assessed by these two
outcome measures, such as length-unit iteration and direct com-
parisons. Although we carefully developed both assessments
using an iterative development and user testing process (Clem-
ents, 2007; Doabler, Clarke, Fien, Baker, et al., 2015), the cur-
rent findings indicate the PM-2 proximal assessment had
relatively low reliability and validity evidence. Consequently,
revisions to this measure are necessary to improve its psycho-
metric properties and permit caution free interpretation of inter-
vention effects.

Finally, owing to funding constraints, we were unable to include
follow-up assessments to explore for fadeout and persistence of
the observed treatment effects on the proximal assessment and
broader measurement CBMs. Because a common finding of edu-
cational research is the disappearance of intervention effects in a
posttreatment period (Kang et al., 2019), the administration of fol-
low-up measures in design and development projects could help
inform intervention revisions to promote stronger persistence of
treatment impact.



This document is copyrighted by the American Psychological Association or one of its allied publishers.

This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

372 DOABLER ET AL.

Implications for Research and Practice

Despite these limitations, the current study has a number of
implications for the field, including demonstrating preliminary
promise of a Tier 2 mathematics intervention focused on building
students’ mathematical proficiency in the areas of measurement
and statistical investigation. Compared with similarly skilled stu-
dents in the control condition, students receiving the PM-2 inter-
vention demonstrated greater gains on a proximal outcome
measure that targeted topics from the measurement and data do-
main in the CCSS-M (2010). It is encouraging that gains were
observed on this measure given the focus of the PM-2 intervention
and the importance of foundational measurement and statistical
investigation skills to accessing more advanced mathematical con-
cepts, such as the rational number system and algebraic reasoning
(NMAP, 2008). Recognizing that students at risk for MD dispro-
portionately struggle with concepts of measurement and statistical
investigation (NCES, 2019), the findings of the current study pro-
vide initial support for accelerating students’ knowledge in these
areas of mathematics through a relatively low dose of a supple-
mental Tier 2 intervention (i.e., 32 lessons).

Also worthy of discussion is the lack of robust statistical evi-
dence for treatment effects on the EM-CBM, TEMI-PM, or Word
Problems assessments, two of which focus on a broader range of
mathematical skill including whole number understanding and
word problem solving, respectively. Although PM-2 embeds
opportunities for students to use and expand upon their whole
number and problem-solving skills within the contexts of measure-
ment and statistical investigation, it is possible that second graders
struggling with mathematics would benefit from more targeted
support in the area of whole number and operations specifically
prior to receiving the PM-2 intervention. Theoretically, this multi-
intervention approach would prime students’ background knowl-
edge and skills in whole numbers and thus allow them to become
more successful when engaging in interventions focused on
“other” areas of mathematics. As such, we encourage the field to
investigate whether there is added value to using a multiinterven-
tion approach to accelerate the mathematics outcomes of students
with MD. Relatedly, the PM-2 intervention uniquely embraces an
integrated STEM approach (Moore et al., 2020), allowing students
to apply their mathematical knowledge in rich science-related con-
texts. While science outcomes were not assessed in the current
study, we encourage the field to investigate STEM integration
given its potential to help at-risk learners transfer their knowledge
across STEM disciplines.

Taking our findings into consideration, schools looking to adopt
new mathematics intervention programs should consider multiple
factors, including the specific areas of need for students with MD,
the provision of school resources such as availability of staff to
implement multiple intervention programs (e.g., teaching both
whole number interventions and those focused on topics beyond
whole numbers), and the alignment of interventions with content
coverage in core instruction. Unfortunately, measurement and sta-
tistical investigation are typically minimized in elementary, core
mathematics instruction (Litke & Hill, 2020), which raises the
question of how an intervention focused on measurement and sta-
tistical investigation topics would align with Tier 1 mathematics
instruction. We argue that the strong links between understanding
of foundational measurement principles and later critical

mathematics concepts (e.g., the principle of iteration supporting
student understanding of unit fractions), for example, necessitate a
stronger focus to be placed on the development of measurement
skills early on within core mathematics instruction and as a focus
of intervention. Similar long-term implications are assumed for
students developing early conceptual understanding of data and
statistical investigation. Particularly for students with or at risk for
MD, measurement and statistical investigation represent practi-
cally useful areas to develop mathematical proficiency as well as
engaging and relevant platforms to practice other mathematical
skills such as whole number operations and problem-solving
skills.

We would also be remiss to not mention the important role that
technology played in the PM-2 intervention, allowing for greater
individualization and a wider range of instructional examples. The
hybrid format of PM-2 allowed students to physically work with
concrete models and measurement tools, such as centimeter cubes,
rulers, and yardsticks, and to extend that learning by using virtual
rulers and measurement tools on the iPad. Online virtual manipu-
latives are becoming increasingly available and more commonly
used in classrooms. When used appropriately, virtual manipula-
tives provide some advantages over physical manipulatives, such
as increasing the number and types of problems students encounter
(Satsangi et al., 2016). In PM-2, the iPad-based component mini-
mized the number of physical materials needed during instruction
while simultaneously allowing for varied and engaging problem-
solving contexts.

Technology was also leveraged to support interventionists in
effectively implementing PM-2. For example, the display of stu-
dent response data via the “teacher view” on the teacher iPad
allowed interventionists to see whether students were correctly
answering problems. These unique and innovative teacher vantage
points allowed for real-time instructional differentiation, such as
providing confirmations, error corrections, and additional student
practice opportunities. Moreover, while students having their own
iPads allowed for more frequent and individualized practice, inter-
ventionists could still control the pacing of student iPads through
the teacher iPad, keeping the entire group on task. Given the
advantages that technology can contribute to making mathematical
learning opportunities more accessible and engaging for at-risk
learners, and potentially more manageable for teachers, we would
advocate for curriculum developers to explore embedding educa-
tion technology within future mathematics intervention programs.

Finally, although the value of researcher-developed assessments
is often more heavily questioned than commercially available
ones, like our colleagues in the field of reading research (Clemens
& Fuchs, 2021), we contend researcher-developed assessments
can play an important role in testing for forms of learning transfer.
Researcher-developed outcome measures are also instrumental for
better understanding why academic interventions work, for whom,
and under what conditions. For example, findings generated by the
EM-CBM, a more distal based assessment, indicated evidence of
differential response, such that only students with the highest pre-
test TEMI-PM scores benefited from the intervention. It may be
that students with lower preintervention numeracy skills were
unable to transfer what was taught in the PM-2 intervention to an
outcome measure of generalized performance. Another plausible
explanation is that students with higher preintervention numeracy
skills were better prepared than their lower skilled peers to solve



This document is copyrighted by the American Psychological Association or one of its allied publishers.

This article is intended solely for the

personal use of the individual user and is not to be disseminated broadly.

MEASUREMENT AND STATISTICAL INVESTIGATION 573

problems focused on length-unit iteration and direct comparisons
in a timed setting. However, the intervention groups in the current
study were heterogeneously formed, containing the full range of
at-risk learners. Therefore, future tailoring of the PM-2 interven-
tion may be necessary to address the entire range of TEMI-PM
preintervention skill profiles.

Conclusion

Little research has been conducted on the areas of measurement
and statistical investigation, particularly studies involving students
with or at risk for MD. What is more, recent research suggests
these areas of mathematics are rarely part of the enacted curricu-
lum in elementary mathematics classrooms. These absences are
especially concerning given the academic and practical implica-
tions for understanding the foundational concepts of measurement
and possessing the problem-solving skills for investigating cate-
gorical and continuous data. The current study sought to address
these blank spots in the literature by testing the initial efficacy of a
Tier 2 mathematics intervention focused on concepts and problem-
solving skills around measurement and statistical investigation.
Although preliminary, results from a proximal outcome measure
indicated a pattern of promise. However, transfer to the study’s
broader measures of mathematics was not detected. Furthermore,
moderation results suggested that treatment effects were largest
for students with higher preintervention numeracy skills. Our plan
is to use these data and the lessons learned from the current pilot
study to extend the program of research on the PM-2 intervention
by investigating its efficacy in an adequately powered efficacy
trial. We anticipate the findings obtained from this more rigorous
line of research will allow us to provide the field with a feasible,
empirically validated mathematics intervention focused on two
important areas of early mathematics.
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