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Abstract

Proportional reasoning is the cornerstone of many higher-level mathematics topics. We evalu-
ated the sustainability effects of schema-based instruction (SBI) on proportional reasoning and
the impact of professional development (PD) on the instructional practices of two cohorts of
seventh-grade teachers (i.e., SBl-experienced-teacher implementers, who taught SBI in a previ-
ous study; SBl-novice-teacher implementers, who taught SBI for the first time with PD) and
mathematics outcomes of students with mathematics learning difficulties. SBI was implemented
for 6 weeks by 49 teachers in two distal states. Despite the cessation of PD provided to SBI
experienced-teacher implementers, teachers in both cohorts demonstrated similar levels of
fidelity. Results indicated no SBI experience effect on the immediate and | |-week retention
tests of proportional problem solving, on a general measure of problem solving, and on an
end-of-year mathematics achievement test, suggesting that the effectiveness of SBI generalizes
over time to different cohorts of teachers and students.

The importance of proportional reasoning,
which involves understanding the covariance
of quantities and invariance of ratios
(Fielding-Wells et al., 2014; Lamon, 2007),
is evident in the Common Core State
Standards for Mathematics (CCSS-M;
National Governors Association Center for
Best Practices & Council of Chief State
School Officers, 2010). To be able to reason
proportionally involves the ability to make
multiple comparisons in relative terms,
which is needed in a range of situations
beyond ratio and proportion (Ben-Chaim
et al., 2007; Lamon, 1993). The skills
needed for proportional reasoning include a
highly developed understanding of founda-
tional concepts, such as multiplication and
division, fractions, decimals, and scale
(Boyer & Levin, 2015; Lamon, 2005).

Proportional reasoning, the cornerstone of
many higher-level mathematics topics, is
also essential in subjects such as science, art,
economics, and geography (Hilton & Hilton,
2016; Howe et al., 2011).

Despite the centrality to everyday numer-
acy and instructional time in middle school
focused on proportionality, both students and
teachers struggle with proportions (Post et al.,
1988; Weiland et al., 2019; Weinberg, 2002)
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and need support to conceptually reason about
proportions (Lamon, 2007). Many teachers’
pedagogical content knowledge (e.g., how to
use appropriate representations to develop
deep knowledge of multiplicative concepts) is
insufficient, and they often experience the
same conceptual difficulties as their students
(Hilton & Hilton, 2016). Many students’ diffi-
culties in reasoning with proportions may
result from the lack of a strong conceptual
understanding associated with multiplicative
or relative thinking; an overreliance on algo-
rithms like cross-multiplication, which may
lead to the correct answer but do not highlight
the multiplicative structures in a proportional
relationship (Berk et al., 2009; Lobato et al.,
2010; Modestou & Gagatsis, 2010); or diffi-
culty distinguishing between proportional and
nonproportional situations or treating all rela-
tionships as proportional (Ferndndez et al.,
2012; Van Dooren et al., 2005).

In response to these challenges, our work
has focused on developing middle school stu-
dents’ proportional reasoning skills using
schema-based instruction (SBI), a fully devel-
oped, research-based instructional program
that covers the important topics of ratios, pro-
portions, and percent (see Appendix A in the
online supplementary materials for scope and
sequence of the SBI program). The program
builds student understanding of key mathemat-
ical concepts, such as ratios, rates, and percent,
and promotes connections between related
topics, such as fractions and ratios, and articu-
lates differences between additive and multi-
plicative situations. The SBI program also
addresses problem-solving procedures (e.g.,
priming the underlying problem structure,
using visual-schematic representations) for a
given class of problems, such as ratio, propor-
tion, and percent of change. The SBI instruc-
tional approach for solving word problems
has its roots in schema theory (Marshall,
1995), draws on cognitively guided instruction
with regard to categorizing problems based
on the underlying mathematical structure
(Carpenter et al., 2015), and is guided by cog-
nitive models of mathematical problem solving
(Mayer, 1999). In this study, we are interested
in the sustainability of the impact of the SBI
teacher professional development (PD) program

on two teacher cohorts’ (SBI-experienced-
teacher implementers and SBI-novice-teacher
implementers) instruction and the growth of
their students with mathematics learning difficul-
ties (MD) on proximal and distal mathematics
outcome measures.

Prior Studies on the
Effectiveness of SBI and Its
Sustainability

Previous studies on proportional reasoning
have demonstrated that targeted PD and expli-
cit teaching using the SBI program can assist
middle school students with and without MD
to solve a wide variety of single and multistep
proportion problems (Jitendra et al., 2009,
2011, 2013, 2015, 2019; Jitendra, Dupuis,
et al., 2016; Jitendra, Harwell, Dupuis, et al.,
2017; Jitendra, Harwell, Karl, et al., 2017;
Jitendra & Im, 2019) and can improve stu-
dents’ general mathematics problem-solving
skills (e.g., Jitendra et al, 2015, 2019;
Jitendra, Harwell, Karl, et al., 2017).
Although teachers may be highly motivated,

they are often underprepared to teach
using new instructional materials that
can pose a range of challenges, such as
initial mismatch between principles
underlying the innovative approach and
teachers’ philosophy of teaching and
learning (Obara & Sloan, 2010;
Remillard, 2005). However, there is
growing evidence that providing
educative instructional materials along
with PD can change teacher practices to
align with the innovation and improve
student learning (Schuchardt et al.,
2017).

Building on our previous research regarding
the effectiveness of SBI, delivered in a variety
of settings to heterogeneous samples of students
with various mathematical abilities (see Jitendra
etal., 2015, 2018, 2019; Jitendra, Harwell, Karl,
et al., 2021; Jitendra & Im, 2019), two studies
examined the sustainability of the SBI teacher
PD program in the achievement of desirable
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student outcomes and professional practice
over time (Jitendra, Harwell, et al., 2016;
Jitendra, Harwell, & Im, 2021). An important
characteristic of Jitendra, Harwell, et al.
(2016) was that mostly rural schools in one
state in the upper Midwest participated, produ-
cing a sample of students and teachers who
were predominantly White. In contrast,
Jitendra, Harwell, and Im (2021) used a
sample of demographically diverse students in
different geographic regions of the country in
urban, suburban, and rural schools. In
Jitendra, Harwell, et al. (2016) and Jitendra,
Harwell, and Im (2021), we invited all teachers
who participated in the Year 1 study (Jitendra
et al., 2015, 2019) to continue in the study a
2nd year to examine teacher implementation
and student learning in classrooms of teachers
who received PD and implemented SBI in the
previous year and possibly gained more expert-
ise with this method (experienced-teacher
implementers, Cohort 1), and teachers imple-
menting SBI for the first time with PD (novice-
teacher implementers, Cohort 2).

Teacher PD is vital to implement evidence-
based practices so that students can receive
high-quality instruction. In Jitendra, Harwell,
et al. (2016) and Jitendra, Harwell, and Im
(2021), we designed our PD to include the
essential features of high-quality PD identified
in the research literature: (a) content focus on
particular subject content (i.e., ratios, propor-
tions, and percent) and pedagogical practices
to support a broad range of learners; (b) coher-
ence with current policy in terms of teaching
and learning standards (CCSS-M); (c) collective
participation, with teachers working together
with colleagues; (d) duration (16 hr), and (e)
active learning opportunities to engage in
tasks connected to classroom work, such as
using strategies to solve problems involving
ratios and proportional relationships, reflecting
on teachers’ own and their students’ engage-
ment with proportional reasoning (Darling-
Hammond et al., 2017; Desimone, 2009). It is
important to note that 16 hr of PD is deemed
sufficient for intended student learning out-
comes (i.e., solving problems involving ratios,
proportions, and percent) in the context of
access to SBI instructional materials embedded
in the subject matter (Schuchardt et al., 2017).

Results of Jitendra, Harwell, et al. (2016)
and Jitendra, Harwell, and Im (2021) indicated
that both SBI-experienced- and SBI-novice-
teacher implementers delivered SBI with
similar levels of fidelity. There was no SBI
experience effect on the immediate test of pro-
portional problem solving (PPS) in Jitendra,
Harwell, et al. (2016). Although there was an
SBI experience effect on the immediate test
of PPS in Jitendra, Harwell, and Im (2021),
with students in SBIl-experienced-teacher
implementer classrooms outperforming stu-
dents in SBI-novice-teacher implementer class-
rooms, this effect was not found on the
retention test of PPS, on a general measure of
problem solving, or on the end-of-the-year
state mathematics achievement (MA) test. In
sum, the effect of SBI generalized over time
to two distinct cohorts of teachers in that the
impact of SBI on student mathematics out-
comes was maintained over time without add-
itional PD. These findings contribute to our
understanding of the conditions for promoting
the sustainability of the SBI teacher PD
program: high-quality PD combined with SBI
instructional materials. The current study
builds on these studies (Jitendra, Harwell,
et al., 2016; Jitendra, Harwell, & Im, 2021) to
understand whether the SBI experience effect
would generalize to impact the mathematics
outcomes of students with MD served in inclu-
sive general education classrooms.

The need for evaluations of sustainability of
learning innovations such as the SBI program
past the implementation of the intervention is
crucial to scale up exemplary programs
(Koellner et al., 2011). Teachers’ understanding
of the principles of coherent learning innova-
tions (e.g., the SBI program) and the benefits
for their students when they effectively imple-
ment the core components of the innovation
are important considerations if programs are to
be sustained (Clements et al., 2015). Recent
efforts to examine the sustainability effects of
teacher PD are based on the understanding
that continued use of high-quality PD program
components is important to achieve desirable
student outcomes (e.g., McMeeking et al.,
2012; Polly et al., 2015). Several syntheses of
PD research studies elucidate the distinguishing
features of effective PD programs, which have
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guided the design and implementation of high-
quality PD programs (e.g., Gersten et al., 2014;
Kennedy, 2016). There is evidence that an
emphasis on content knowledge; learning
opportunities, such as observing expert teachers
and examining students’ work; PD’s coherent
alignment with the curriculum and standards;
PD hours spent on curricular content knowledge
and examining students’ work are significant
predictors of teachers’ knowledge gain and
their change in instructional practice (Copur-
Gencturk et al., 2019; Garet et al., 2001).

A review of research on the effectiveness
of math professional development approaches
highlighted the importance of intensive math
content—targeted PD programs (Gersten
et al.,, 2014). Compared with studies imple-
menting general PD approaches, intensive
math content—targeted PD studies yielded
larger effect sizes on students’ math outcomes.
For example, Perry and Lewis (2011) found
that when teachers received intensive PD on
the topic of measurement interpretation of
fractions (i.e., fractions can be represented in
a number line), it resulted in significant
improvements in students’ fraction knowl-
edge. In short, a growing body of evidence
documents that more prescriptive and content-
targeted PD leads to better students’ MA test
scores than more general and less content-
targeted PD (Fryer, 2017; Telese, 2012). As
such, the SBI PD program, which provides
instructional materials along with PD,
focused on targeted content knowledge of
ratio and proportional relationships that can
help teachers learn content and understand
pedagogy (varied strategies to support the
learning of a broad range of learners) to
improve student outcomes.

Previous research on sustainability of PD
programs is limited in that most studies
involved small-scale case studies and survey
research (e.g., Fishman et al, 2011) or
focused primarily on the extent to which tea-
chers retained the changes in their practices
rather than the impact on students’ learning
outcomes (e.g., Doabler et al., 2018; Liu &
Phelps, 2020). Also, the designs of these
studies follow two groups of teachers (inter-
vention vs. control) over time (e.g.,
Antoniou & Kyriakides, 2013; Kutaka et al.,

2017; Schuchardt et al., 2017); no study has
examined the extent to which high-quality
PD (e.g., a program that focused on crucial
content, incorporated active learning experi-
ences, and aligned with current teaching and
learning standards at the national, state, and
district levels) in conjunction with instruc-
tional materials was able to produce instruc-
tional changes for teachers in a variety of
schools and impact the mathematics perform-
ance of a broad range of students.

The Current Study

Our research reflects a hierarchy in which we
(a) initially assessed the effectiveness of the
SBI program for improving mathematics out-
comes for a broad population of middle
school students, (b) then investigated the sus-
tainability of the SBI program as reflected in
the mathematics outcomes of a broad popula-
tion of middle school students whose teachers
participated in PD a year earlier, and (c)
are now investigating the SBI program and
its sustainability for specific populations
of students. The current study is consistent
with our focus on the sustainability impact
of the SBI teacher PD program, using
SBI-experienced-teacher implementers and
SBI-novice-teacher implementers, on the math-
ematics outcomes of a population of students
with MD. Specifically, this article reports on
the learning outcomes of a subgroup of stu-
dents with MD taken from Jitendra, Harwell,
and Im (2021) after the Ist year of a 2-year
study of the SBI program and corresponding
PD. To situate the Jitendra, Harwell, and Im
study, we review Year 1 of their effectiveness
trial (Jitendra et al., 2019). In this experimen-
tal study, 41 of 59 seventh-grade teachers
were randomly assigned to either the treatment
(Cohort 1) condition or control (Cohort 2)
condition. The remaining 18 teachers were in
a district in which random assignment was
done at the school level to minimize its
impact on the district’s model of professional
learning community at work. One class for
each teacher was selected at random to partici-
pate in the study. Cohort 1 teachers (j=34)
received 2 days of PD before implementing
SBI 5 days a week for approximately 6
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weeks to teach PPS involving ratios, propor-
tions, and percent, and Cohort 2 teachers (j
=25) taught the same topics from their
district-adopted =~ mathematics  textbook.
Results indicated that students in SBI class-
rooms on average outperformed students in
control classrooms on proximal and distal
measures of mathematics problem solving.

The present study draws on data from
Jitendra, Harwell, and Im (2021) that include
classroom video recordings of teachers’
instructional practices, assessments of stu-
dents with MD, and teacher and students
surveys of acceptability of SBI. We consid-
ered the following questions:

1. To what extent does implementation
fidelity to the core components of
the SBI program differ for SBI-experi-
enced-teacher implementers compared
with SBI-novice-teacher implemen-
ters? Because the current study
included teachers who participated in
Jitendra, Harwell, and Im (2021) and
provided evidence of implementation
fidelity, we hypothesized that SBI-
experienced-teacher and SBI-novice-
teacher implementers would deliver
SBI with similar levels of fidelity.

2. To what extent do students with MD of
SBI-experienced-teacher —implemen-
ters differ in their PPS performance
on an immediate posttest and on a
retention test (11 weeks later) relative
to students with MD of SBI-novice-
teacher implementers? Given the
limited research with students with
MD, it is not clear a priori whether stu-
dents of Cohort 1 teachers would be
predicted to score higher than or com-
parably to students of Cohort 2 tea-
chers on the PPS tests. On the one
hand, it may be that students of SBI-
experienced-teacher implementers
(who may better implement SBI) out-
perform students of SBI- novice-
teacher implementers. On the other
hand, SBI-novice-teacher implemen-
ters with more proximal PD experi-
ence may better implement SBI that
would lead to greater student learning.

3. To what extent do students with MD of
SBl-experienced-teacher —implemen-
ters differ in their overall mathematical
problem-solving performance and MA
relative to students with MD of SBI-
novice-teacher implementers? Given
that mathematics practices such as
SBI need to occur over a long period
of time for students with MD to effect-
ively impact transfer of knowledge to a
new domain (see Jitendra, Harwell,
Karl, et al.,, 2017), we hypothesized
that students of SBI- experienced-
teacher implementers would perform
similarly to students of SBI-novice-
teacher implementers on measures that
are broader than the PPS (i.e., assesses
achievement in multiple domains).

4. Are there differences in perceptions of
teachers and students with MD in the
two cohorts with regard to acceptability
of SBI? On the basis of previous SBI
research for students with MD (e.g.,
Jitendra, Harwell, Dupuis, et al.,
2017), we hypothesized that students’
and teachers’ beliefs about the SBI
program would be positive, but the dir-
ection of those effects is not clear.

In sum, this study contributes to the knowl-
edge base of the sustainability of the SBI
teacher PD program and the impact of
support that both SBI instructional materials
and the PD program can provide teachers in
delivering effective mathematics instruction
to improve the learning of students with
MBD. The results have important implications
for the role of the SBI program with students
with MD and for the teacher-related resources
needed to implement this program.

Method

Project Context

This research draws from a larger sustainability
study of SBI involving seventh-grade teachers
and their students (see Jitendra, Harwell, &
Im, 2021). The SBI research agenda focused
on two cohorts of teachers recruited in 2015
from five school districts: two from the
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western region of the United States and three
from the southeastern United States (Jitendra,
Harwell, & Im, 2021). Starting dates of imple-
menting SBI were staggered for each cohort,
with Cohort 1 beginning in fall 2015 or
winter 2016 and Cohort 2 beginning in fall
2016 or winter 2017, based on geographic loca-
tions of participating teachers. Jitendra,
Harwell, and Im (2021) included 52 teachers:
27 in the SBI-experienced group (Cohort 1),
who implemented SBI a second time, and 25
in the SBI-novice group (Cohort 2), who imple-
mented SBI for the first time. Thirty-nine of the
59 seventh-grade teachers who participated in
the Year 1 effectiveness trial (Jitendra et al.,
2019) returned in Year 2 (Jitendra, Harwell,
& Im, 2021). A total of 20 teachers in the
Year 1 study, seven from the treatment (SBI)
group and 13 from the control group, did not
continue after Year 1 due to changes in teach-
ing assignments, in that a teacher no longer
taught a typical seventh-grade mathematics
class and therefore was not eligible, or due to
retirement or family circumstances. The 27 tea-
chers who implemented the SBI program in the
Year 1 study and participated in the Year 2
study implemented SBI a second time and
represented the treatment group in the current
study. We recruited 13 new teachers from the
same schools to replace the 13 control group
teachers from Year 1 who did not continue so
that Cohort 2 in the current study included 25
teachers (12 teachers who returned + 13 new
teachers). Thus a total of 27 4+ 25 =52 teachers
were initially available. However, two class-
rooms in the southeastern state and one in the
western state were excluded because none of
the students met our criteria for MD, leaving
26 classrooms in Cohort 1 and 23 in Cohort 2
(total =49 classrooms). One class for each
teacher was selected at random to participate
in the study. Teacher participants (Cohort 1
and Cohort 2) were the same across the 2
years, but students in each teacher’s classroom
changed from one academic year to the next.

Sample

For this study, all analyzed teacher and student
data are taken from Jitendra, Harwell, and Im
(2021) to include only data from classrooms

serving students with MD. Students were clas-
sified as having MD based on end-of-the-year
sixth-grade state MA test scores in each state.
Achievement levels in the southeastern state
were 1 (lowest =inadequate), 2 (below satis-
factory), 3 (satisfactory), 4 (above satisfac-
tory), or 5 (highest=mastery). Students
whose achievement level was inadequate or
below satisfactory (n=299, 62.6% of the
full sample) met the criterion for mathematical
difficulties (i.e., low average performance on
the state MA test) and were classified as
having MD. Precise reasons for the large
number of students with MD in the sample
are unknown but may be related to character-
istics of the state mathematics test used to cat-
egorize students as having MD as well as the
fact that all sampled schools received Title I
assistance. Achievement levels in the
western state were 1 (lowest=below profi-
cient), 2 (approaching proficient), 3 (profi-
cient), or 4 (highest=highly proficient).
Students whose achievement level was
below proficient (n =375, 39.3% of the full
sample) were classified as having MD.

The current study included 49 teachers: 26
in Cohort 1, who implemented SBI a second
time, and 23 in Cohort 2, who implemented
SBI for the first time. The majority of the
sample of seventh-grade students with MD
were White (45.6%), with 34.2% Hispanic,
12.4% Black, 3.3% Asian, and 3.4%
Multiracial. Teacher and student demographic
characteristics by cohort and state are pre-
sented in Table 1, which shows the distribu-
tion of student background variables was
generally similar across the SBI and control
conditions in each state.

Procedures

PD. Only Cohort 2 teachers attended PD in the
2nd year of the study, which was conducted
over two full school days (i.e., 16 hr) before
the start of the study at each site (between
August and December 2016). Cohort 1 tea-
chers, who participated in a similar PD (see
description of PD that follows) of same dur-
ation during the previous year (2015), did
not receive additional PD during Year 2 of
the study.
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PD focused on (a) the importance and com-
plexity of proportional reasoning and of the
ways students understand and learn, (b) an
orientation to the SBI program, and (c) a dis-
cussion of activities in the SBI program and
ways in which the teachers might use them
in their classrooms. Teachers were afforded
opportunities to work with other teachers in
pairs or small groups to learn about effective
mathematical practices through observation,
discussion, practice, and reflection. The PD
not only familiarized teachers with the lesson
structure and scope and sequence of the SBI
program but also discussed ways to set up
and manage SBI program materials and differ-
entiate tasks for use with a broad range of lear-
ners. Across the 2 days, PD focused on
introducing and developing foundational con-
cepts (e.g., ratios, rates, percent), discussing
contextual problem solving that included dis-
covering and sorting problems by problem
types (ratio, proportion, or percent), represent-
ing problems using visual-schematic diagrams,
generating “ballpark” estimates (i.e., quick and
easy based on benchmark numbers and frac-
tions), and using multiple solution methods to
solve problems. Following teachers’ review
of lessons in the SBI program, the facilitator
debriefed with the teachers to discuss the
lessons and resolve any questions they had.
Teachers also viewed multiple short video
clips of lessons implemented by teachers in
previous studies to provide models in imple-
menting SBI approaches.

Description of the SBI program. The SBI
program entailed replacement units that tar-
geted ratio and proportion (equivalent ratios,
rates, ratio and proportion word problem
solving, scale drawings) and percent (percent
increase or decrease, including those involv-
ing discounts, interest, taxes, and tips).
Across the participating schools, teachers
used four different textbooks from the follow-
ing publishers: Big Ideas Learning, Houghton
Mifflin Harcourt, McGraw Hill, and Pearson
Education. The SBI program supplanted
these programs, which ranged from a balanced
instructional approach (discovery learning and
scaffolded instruction) to digital interactive
learning. The core math programs and the

SBI program covered the same content and
addressed the practices outlined in the CCSS
standards. In addition, the instructional prac-
tices in the SBI program aligned with the
recommendations articulated in the What
Works Clearinghouse’s research synthesis on
improving students’ mathematical problem-
solving performance (Woodward et al.,
2012). Our review of instructional features in
the four core textbooks suggested that the
core math programs do not consistently and
extensively overlap with the key components
of the SBI program, which emphasized
priming the problem structure, using
schematic-visual representations, estimating
the answer prior to solving it, employing a
variety of strategies, and prompting students
to reflect on the problem-solving process.

The materials included student workbooks
(in class and homework), a teacher’s guide
that included detailed teaching scripts, and
corresponding PowerPoint slides for teacher
presentation, visual-schematic diagrams, and
problem-solving  checklists.  The  SBI
program, consisting of 21 lessons, could be
completed in about 30 days (some lessons
could take more than a day to implement),
with each lesson designed to be about
45 min in duration, which is the approximate
amount of time typically spent on these
topics in schools. (For further details of the
SBI program, see Jitendra et al, 2019;
Jitendra, Harwell, et al., 2016)

Measures

Teacher measures. We collected data about
teachers’ perceptions of the PD training at
the end of the 2-day PD using the same ques-
tionnaire used in Jitendra et al. (2019; Jitendra,
Harwell, et al., 2016), which included four
items (e.g., would recommend the SBI
program to their colleagues) measured on a
4-point Likert scale. The data from this
measure complemented the fidelity-of-imple-
mentation data by providing an additional
source of information regarding teachers’ per-
ception of the innovation.

We evaluated fidelity of implementation by
coding classroom videos (two lessons on PPS
for each teacher) using the same rubric as
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Jitendra et al. (2019; Jitendra, Harwell, et al.,
2016) to document the presence or absence
of key SBI components. Fidelity items (e.g.,
discovers the problem type, connects the
new problem to previously solved problems)
were evaluated on a 4-point scale (0=did
not implement to 3 = high level of implementa-
tion) (see Figure S1 in Appendix B of the
online supplementary materials for the
scoring rubric). Fidelity was independently
assessed by two of three coders producing
99 ratings (only one lesson was videotaped
for one teacher in Cohort 2). We resolved dis-
agreements in ratings through discussion and
review of the videotapes. Interrater reliability
was estimated by computing intraclass corre-
lations for the ratings, which averaged .90
(range .76 to .96).

The study also elicited teachers’ acceptabil-
ity of the SBI program by asking them to com-
plete a survey at the end of the study regarding
the benefits of the ratio, proportion, and percent
diagrams, problem-solving procedures, includ-
ing focus on multiple solution strategies, and
overall benefits of the SBI program (for
further details, see Jitendra et al., 2019;
Jitendra, Harwell, et al., 2016). Responses
were measured using a 4-point rating scale,
from 1 (strongly disagree) to 4 (strongly
agree). Coefficient alpha for this scale is .90.

Student measures. Students completed the
primary measure—the PPS test used in prior
studies (see Jitendra et al., 2019, for further
details)—at pretest, posttest, and delayed
posttest (11 weeks later). The PPS test
assessed students’ ability to reason with pro-
portions to solve problems involving ratio,
proportion, and percent (see Appendix B in
the online supplementary materials for
sample items). Interrater reliability, estimated
using an intraclass correlation, averaged .89,
.92, and .93 at pretest, posttest, and delayed
posttest, respectively. The coefficient omega
(Dunn et al.,, 2014) values for the PPS
pretest, posttest, and delayed posttest were
.50, .73, and .67, respectively.

The secondary measure was the Process
and Applications subtest of the GMADE
(Pearson, 2004), a general measure of math-
ematical problem solving, which students

completed at pretest and posttest (see
Jitendra et al., 2019; Jitendra, Harwell, et al.,
2016). The coefficient omega reliabilities
were .50 for the pretest and .61 for the posttest.

In addition, the districts provided students’
end-of-year MA data from two different state
assessments for use as the study’s tertiary
outcome measure. Scaled mathematics scores
obtained in spring 2016, when students were
in sixth grade served as a pretest, and scaled
scores for the same assessment obtained in
spring 2017, when the same students were in
seventh grade, served as a posttest. The dis-
tricts also provided student-level information
about sex, race, special education, English
learner (EL) status, and free and reduced-price
lunch (FRL) status.

The study elicited students’ satisfaction
with the SBI program (i.e., diagrams and
problem-solving procedures) by asking them
to complete a survey at the end of the study,
which was measured using the same 4-point
rating scale as the teacher measure (see
Jitendra et al., 2019; Jitendra, Harwell, et al.,
2016). Coefficient alpha was .85.

Data Analysis

Research Question 1, which addresses
fidelity-of-implementation data, was exam-
ined using two-sample ¢ tests to test differ-
ences between cohort conditions. Research
Questions 2 and 3, which assess differences
between Cohort 1 and Cohort 2 classrooms
to address the impact of SBI primarily at the
student level, was examined using a series of
multilevel (i.e., two-level, students-within-
classrooms) models with predictors at both
levels using the HLM 8 software
(Raudenbush et al., 2019). Outcome variables
were the PPS posttest, PPS delayed posttest,
and the GMADE posttest, and each was ana-
lyzed separately (i.e., all analyses were based
on cross-sectional data). Single-level analyses
of the end-of-year state MA data were also
performed, and analyses that did not use
multilevel models used a=.05 for each statis-
tical test.

For each outcome, the Level 1 (student)
model contained the predictors sex (0=male,
1 =female) and race (Black =1, Hispanic=1,
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Asian =1, and Multiracial =1, with White=0
serving as the reference group, for a total of
four predictors capturing race), and for all out-
comes, the pretest served as a student-level
control variable.

Level 2 (teacher and classroom) variables
included the treatment variable (1=SBI-
experienced, 0=SBI-novice), a teacher vari-
able (i.e., years of experience teaching math-
ematics), and variables capturing the percent
of students per classroom for ELs, eligibility
for FRL, and special education status. The
coarse and discontinuous nature of the distri-
butions of the classroom percents for the EL,
FRL, and special education variables
prompted us to rescale these variables to
better capture the pattern in these data.
Accordingly, these three variables were trans-
formed to quartiles (i.e., 0 = lowest concentra-
tion of ELs, FRL, or special education
students in a classroom, 3 =highest concentra-
tion). The rescaled versions of these variables
were used as classroom predictors.

Slopes capturing the impact of the student
predictors on the outcome variables were
found to be statistically equal across class-
rooms. Thus our analyses of the impact of
cohort on student PPS are based on
intercept-only models. Residuals from the
fitted models were examined for evidence of
violations to model assumptions of normality,
homoscedasticity, and linearity, and no major
violations were found. To control for com-
pounding of Type I error rates, we used the
Dunn-Bonferroni correction in which an
overall error rate of a=.15 was divided
among all tests of fixed effects linked to
each outcome variable. We assigned .05 to
the test of the cohort effect, because this was
the most important effect in the model, and
divided the remaining .10 equally among
tests of the remaining effects, producing o =
.10/11 = .009 per test. For the analyses
reported later, all available data were used.

Research Question 4, which addresses the
acceptability of SBI program data at the
teacher and student levels, was examined
using two-sample ¢ tests. For all analyses,
data were analyzed separately for each state
(j =19 and 30 classrooms for the southeastern
and western state, respectively), given that the

state-administered MA test and screening cri-
teria for MD were different in the southeastern
and western states.

Results

We initially performed a series of descriptive
analyses that included examining the correlations
among all measures and exploring preexisting
differences between Cohort 1 and Cohort 2 class-
rooms in each state. Results of these analyses
showed the correlations between the PPS
pretest and posttest, pretest and delayed posttest,
and posttest and delayed posttest were .47,
A7, and .64, respectively, in the southeastern
state and .40, .36, and .54, respectively, in
the western state. The correlation between the
GMADE pretest and posttest was .40 in the
southeastern state and .32 in the western state.
The correlation between sixth- and seventh-grade
MA was .68 in the southeastern state and .48 in
the western state. Correlations among the PPS,
GMADE, and MA tests ranged from .34 to .68
across time points in the southeastern state and
ranged from .26 to .67 across time points in the
western state. The p values for all these correl-
ation coefficients were less than .001 (see
Table S1 in Appendix B of the online supple-
mentary materials).

Table 2 provides descriptive statistics for each
outcome measure by cohort and state. On the
PPS and GMADE pretests, there were no signifi-
cant differences between cohorts (Izsl < 1.84,
p values > .068), except for the PPS pretest
scores in the southeastern state showing that
Cohort 2 classrooms performed better than
Cohort 1 classrooms, M = 9.31 versus 8.37,
1(197)=-2.39, p=.017, but the difference
was quite small (1.9% of the variance in the
PPS pretest due to cohort). On the sixth-grade
state MA test, there were no significant differ-
ences between cohorts in the two states (Irsl
< .40, p values > .692), suggesting that student
performance in the two cohorts was similar at
baseline.

Influence of the SBI PD Program on
Teachers’ Fidelity of Implementation

Regarding Research Question 1, results indi-
cated no statistically significant differences
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Table 2. Descriptive Statistics for Student Measures by Cohort.

SBI experienced SBI novice
Variable n M SD n M SD t p ES
Southeastern state
6G state MA 195 305.38 14.7 104 304.65 15.6 40 692 0.05
7G state MA 178 315.17 19.6 100 317.36 18.7 =91 .363 —0.11
PPS pretest 187 8.37 3.1 99 9.31 32 -2.39 017 —0.30
PPS posttest 184 11.38 42 101 11.41 44 -.06 953 -0.01
PPS delayed posttest 171 10.88 3.8 100 11.41 38 —1.10 271 —0.14
GMADE pretest 187 9.67 34 97 10.00 33 -.78 443 —0.10
GMADE posttest 184 11.78 3.7 98 12.09 4.2 -.63 527 —0.08
Western state
6G state MA 162 355.83 348 213 355.56 34.5 .08 .940 0.0l
7G state MA 140 371.09 558 188 38032 454 —1.65 .100 -0.18
PPS pretest 155 8.58 3.6 212 8.85 32 -76 447 —0.08
PPS posttest 152 12.46 53 198 11.85 4.8 1.12 264 0.12
PPS delayed posttest 138 11.06 4.6 182 11.44 44 -75 454 —0.08
GMADE pretest 156 10.57 37 212 9.89 34 1.83 .068 0.19
GMADE posttest 154 10.81 3.7 193 11.26 4.0 —1.06 290 —0.12

Note. SBI = schema-based instruction; ES = effect size; 6G = sixth grade; 7G = seventh grade; MA = mathematics
achievement; PPS = proportional problem solving; GMADE = Group Mathematics Assessment and Diagnostic Evaluation.
Total possible score on the PPS and GMADE was 30. ESs were calculated as the two conditions’ mean difference divided by

the pooled standard deviation (Hedges & Olkin, 1985).

between cohorts on the total score: south-
eastern, #(17)=-.32, p=.757; western, #?28)
=—-1.07, p=.293; and all individual items:
southeastern, lrs|l < .84, p values > .418;
western, lrsl < 1.17, p values > .254 (see
Table S2 in Appendix B of the online supple-
mentary materials). For the southeastern state,
the mean total score across the seven items on
the fidelity checklist was 14.58 (SD =2.43) for
SBI-experienced teachers and 14.25 (SD=
0.94) for SBI-novice teachers out of a possible
21 points (higher scores are consistent with
greater fidelity). For the western state, the
mean total fidelity-of-implementation score
was 14.69 (SD=3.46) for SBI-experienced
teachers and 15.85 (§SD=2.48) for
SBI-novice teachers.

Impact of the SBI PD Program on
Students’ Performance on the PPS Test

Tables 3 through 5 report the results of fitting a
two-level multilevel model to each outcome
measure that speak to the second research ques-
tion. On the PPS posttest, cohort was not a sig-
nificant predictor in both states, meaning that,
given the model, students with MD on

average performed the same on proportional
reasoning: southeastern, yo; =-.82, #(13)=
-94, p=.365; western, Yo =—1.22, 1(24)=
—1.14, p=.264. Among the other predictors,
Asian and PPS pretest scores were significant
predictors of PPS posttest scores in both
states. The results indicated that on average,
Asian students scored 3.76 and 3.60 higher
than White students in the southeastern,
Y20=13.76, 1(243)=2.70, p=.007, g=1.02
SD, and western state, y,o=3.60, #306)=3.00,
p=.003, g=0.83 SD, respectively. The sig-
nificant pretest predictor indicates that
each one-unit increase in the PPS pretest
was associated with a 0.58 and 0.51 expected
increase on the PPS posttest in the south-
eastern, Yego=.58, #243)=8.28, p<.001, g=
0.16 SD, and western state, yg0=".51, #(306)=
7.04, p<.001, g=0.12 SD, respectively.

On the PPS delayed posttest, cohort was not
a significant predictor in both states, meaning
that, given the model, students with MD on
average performed the same on proportional
reasoning regardless of condition: southeastern,
Yo1 =.22, ((13)=.29, p=.775; western, Yo, =
1.32, 1(24)=1.32, p=.200. The only signifi-
cant predictor was PPS pretest scores in both
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Table 3. HLM Results for PPS Posttest.
Southeastern state Western state
Variable B SE t df p B SE t df p
Fixed effects
Between-student model
Sex -18 42 -42 243 676 73 45 1.61 306 .109
Asian 376 1.39 270 243  .007 3.60 1.20 3.00 306 .003
Black —1.47 64 -231 243 022 63 1.13 56 306 576
Hispanic —-1.09 54 -201 243 .046 -70 54 -129 306 .200
Multiracial -69 124 -56 243 578 =37 .17 -32 306 .753
Pretest .58 .07 8.28 243 <.00I 51 .07 7.04 306 <.00I
Between-classroom model
Intercept 1433 1.94 16.54 2.14
Cohort -82 .88 -.94 13 365 —122 1.06 -—1.14 24 264
Years of experience .00 07 -04 13 966 .03 .06 S 24 614
SpEd 22 32 .70 13 499 -50 47 -1.08 24 293
EL 20 48 41 I3 689 -—1.12 51 -218 24 .039
FRL -74 44 -—1.67 13  .119 -06 62 -09 24 927
Random effects vC  SD x> df p vC SD )
Classroom 1.77 133 40.33 13 <.001 337 184 79.16 24 <00l
Student 11.72 342 1533 392

Note. HLM = hierarchical linear modeling; PPS = proportional problem solving; SpEd = percent of students receiving

special education services expressed in quartiles; EL = English learner expressed in quartiles; FRL = percent of students
eligible for a free or reduced-price lunch expressed in quartiles; VC = variance component; student n =268 nested within
19 teachers and classrooms in the southeastern state; student n= 342 nested within 30 teachers and classrooms in the

southeastern state.

Table 4. HLM Results for PPS Delayed Posttest.

Southeastern state

Western state

Variable B SE t df p B SE t df p
Fixed effects
Between-student model
Sex -04 A4l -09 233 927 44 44 .ol 277 312
Asian 3.5 1.31 239 233 017 84 1.10 76 277 448
Black -8 6l —-142 233 .I58 -29 1.14 -25 277 .800
Hispanic -64 52 -—1.21 233 226 -—1.26 53 -238 277 018
Multiracial A3 1.25 A1 233 915 26 1.13 23 277  8I8
Pretest 47 07 7.07 233 <.00l 49 07 7.06 277 <.00I
Between-classroom model
Intercept 12.88 1.70 9.38 202
Cohort 22 75 29 13 775 .32 1.00 .32 24 200
Years of experience .02 .06 26 13 .80l A3 .05 245 24 022
SpEd -03 27 -1I2 I3 908 -48 44 -1.09 24 287
EL 44 42 1.06 13 308 00 48 -0 24 992
FRL -105 38 -279 I3 0I5 -42 59 -72 24 48]
Random effects vC SD ¥ df p vC SD )
Classroom .14 107 3145 13 .003 295 1.72 7623 24 <.00lI
Student 1045 3.23 13.16 3.63

Note. HLM = hierarchical linear modeling; PPS = proportional problem solving; SpEd = percent of students receiving
special education services expressed in quartiles; EL = English learner expressed in quartiles; FRL = percent of students
eligible for a free or reduced-price lunch; VC = variance component; student n =268 nested within |9 teachers and
classrooms in the southeastern state; student n = 3|3 nested within 30 teachers and classrooms in the southeastern state.
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Table 5. HLM results for GMADE Posttest.

Southeastern state

Western state

Variable B SE t df p B SE t df p
Fixed effects
Between-student model
Sex -18 43 -042 240 677 .18 .39 A7 305 .639
Asian 1.55 1.39 1.12 240 264 .54 1.06 .51 305 .608
Black —-140 .63 -221 240 .028 .16 .98 .17 305 .867
Hispanic -75 55 —1.37 240 172 -59 47 -126 305 209
Multiracial -09 124 -007 240 945 .85 1.05 81 305 418
Pretest 34 07 502 240 <.00I 23 .06 391 305 <.00I
Between-classroom model
Intercept 1488 147 1094 1.55
Cohort -55 66 -083 13 424 .88 .77 .14 24 265
Years of experience .08 .06 144 13 175 .04 .04 1.06 24 .300
SpEd -25 24 -102 13 328 -29 34 -87 24 391
EL 25 36 070 13 496 -70 37 -1.88 24 .072
FRL -1.02 34 -298 13 .0l .05 46 1 24 911
Random effects vC SD x> df  p vC SD ¥ df p
Classroom 057 076 21.13 13 .070 141 [1.19 5812 24 <.00l
Student 11.84 3.44 1147 339

Note. HLM = hierarchical linear modeling; GMADE = Group Mathematics Assessment and Diagnostic Evaluation; SpEd =
percent of students receiving special education services; EL = English learner expressed in quartiles; FRL = percent of
students eligible for a free or reduced-price lunch expressed in quartiles; VC = variance component; student n =265
nested within |9 teachers and classrooms in the southeastern state; student n = 34| nested within 30 teachers and

classrooms in the southeastern state.

states: southeastern, yeo=.47, #(233)="7.07,
p<.001, g=0.14 SD; western, 7Ygo=.40,
#277)="1.06, p<.001, g=0.12 SD.

Impact of the SBI PD Program on
Students’ Performance on the GMADE
and End-of-Year State Achievement Test

On the GMADE posttest, multilevel analyses
showed that again, cohort was not a significant
predictor in both states: southeastern, yo, =
=55, 1(13)=-83, p=.424; western, Yo =
.88, #(24)=1.14, p=.265. This suggests that
students with MD on average performed the
same on general mathematics problem solving
regardless of whether their teacher was an
SBI-experienced- or SBI-novice-teacher imple-
menter. Among the other predictors, the pretest
score was the only significant predictor of
GMADE posttest scores in both states: south-
eastern, ygo=.34, #(240)=5.02, p<.001,
g=0.10 SD; western, yg, =.23, #(305)=3.91,
p<.001, g=0.06 SD.

On the end-of-year state MA test, a single-
level regression analysis based on the sample of
students was performed to examine differences
in students’s MA outcome between cohorts
above and beyond students’ demographic and
background variables and their previous year’s
(spring 2016) MA test scores. Across states,
results indicated that cohort was not a significant
predictor (southeastern, standardized $=.05, p=
.288; western, standardized p=-.08 p=.274),
suggesting that students with MD on average per-
formed the same on the outcome regardless of
whether their teacher was part of Cohort 1 or
Cohort 2 (see Table S3 in Appendix B of the
online supplementary materials for further
details about our regression analyses).

Analysis of end-of-year MA level data. We
also compared the distribution of end-of-year
MA level in the two cohort conditions by con-
ducting a chi-square test to address the prac-
tical implications of the effects of the SBI
program. Recall that in the southeastern
state, we distinguished two subsamples of


https://journals.sagepub.com/doi/suppl/10.1177/00144029221094053

Jitendra et al.

93

Olnadequate
o Satisfactory
mMastery

lnadequate

©Satisfactory

mMastery
100% 100%

@ Below satisfactory
roficient

OBelow proficient
aProficient

©Approaching proficient
= Highly Proficient

D Below satisfactory
@ Proficient

2.6%
8.0% 5.9% E

s0%
28.0% 29.4%
47.4%

64.0% 64.7% 35.9%

14.1%

0.0%

6.1% 04 5.0% 0% 5.9% ol

17.9% 17.0%

38.8%

28.6%

76.4% 771%

24.5%

SBI-Experienced SBI-Novice SBI-Experienced

(Southeast-Inadequate) End-of-year [7G] MA level

(Southeast-below satisfactory) End-of-year [7G] MA level

SBI-Novice SBI-Experienced SBI-Novice

(West) End-of-year [7G] MA level

Figure |. End-of-year (seventh grade) state mathematics achievement level by cohort (schema-based
instruction [SBI]-experienced vs. SBI-novice). The left panel shows the distribution of students with
mathematics learning difficulties (MD) in the southeastern state that scored at the inadequate level on the
previous year’s state mathematics achievement (MA) test. The middle panel shows the distribution of
students with MD in the southeastern state that scored below satisfactory on the previous year’s state MA
test. The right panel shows the distribution of students with MD in the western state that scored below
proficient level on the previous year’s state MA test. Blue-colored portions of the percent bars represent
the percent of students who showed improvement in their MA level compared with their previous year’s

performance.

students with MD based on previous year’s
MA level: inadequate (ngprcxperienced = 100,
NSBlnovice =51) and below satisfactory
(nSBI-experienced =78, nsBLnovice =49). Results
comparing the distribution of end-of-year
MA level revealed no significant differences
between the two cohort conditions in the
southeastern state: inadequate, ¥*(2)=.23,
)4 .890; below satisfactory, X2(4)=5.35,
p =.253. As seen in the left and middle
panels of Figure 1, the percent of students
with MD in the inadequate group who
showed improvement in their MA level was
36.0% in Cohort 1 classrooms and 35.3% in
Cohort 2 classrooms, X2(1)=.01, p=.936.
Of these, 8% of students in Cohort 1 class-
rooms and 6% in Cohort 2 classrooms
shifted into the no-risk categories by the end
of the school year. The percent of students
with MD in the below-satisfactory group that
shifted into the no-risk categories by the end
of the school year was 50% in Cohort 1 class-
rooms and 46.9% in Cohort 2 classrooms,
X2(1)=.12, p =.728. However, slightly more
students in Cohort 2 classrooms (24.5%)
than in Cohort 1 classrooms (14.1%) who

scored in the below-satisfactory category
scored sufficiently poorly at the end of the
year to fall into the inadequate category,
although this result was not statistically sig-
nificant, ¥*(1)=2.19, p=.139.

Results for the subsample of students cate-
gorized as below proficient (fsprexperienced =
140, ngprnovice = 188) in the western state also
revealed no significant differences between the
two cohort conditions, X2(3)=1.49, p=.685.
As seen in the right panel of Figure 1, the
percent of students who showed improvement
in their MA level and shifted into the no-risk cat-
egories by the end of the school year were
23.6% in Cohort 1 classrooms and 22.9% in
Cohort 2 classrooms, X2(1)=.02, p=.881.
Taken together, these findings suggest that stu-
dents with MD in both states benefited from
SBI regardless of whether their teacher was
SBI experienced or SBI novice.

Influence of the SBI PD Program on
Teacher and Student Satisfaction

Tables S4 and S5 in Appendix B of the online
supplementary materials present results of
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teachers’ and students’ satisfaction data. With
regard to teachers’ perceptions about the SBI
program and components, there were no sig-
nificant differences between cohorts in both
states: southeastern, #(17)=-.50, p=.627;
western: #(28)=—.60, p=.557; on the total
mean score and all individual items: south-
eastern, Isl < 1.01, p values > .337; western,
sl < 1.54, p values >.135. In the southeastern
state, the mean scores across the 22 items were
3.47 (SD =.31) for SBI-experienced teachers
and 3.54 (SD =.33) for SBI-novice teachers;
in the western state, the mean scores were
3.32 (SD =.31) for SBl-experienced teachers
and 3.41 (SD = .47) for SBI-novice teachers.
Descriptive evidence suggested that both
Cohort 1 and Cohort 2 teachers were positive
in their comments about SBI program and
resources.

Regarding student satisfaction with SBI,
there was no statistically significant difference
between cohorts on the total mean score in the
two states: southeastern, #266) = 1.93, p =.055;
western, #(329)=.60, p=.550. In the south-
eastern state, the mean score across the nine
items on the survey was 2.87 (SD=.59) for
Cohort 1 classrooms and 2.72 (SD=.68) for
Cohort 2 classrooms. In the western state, the
mean score was 2.85 (SD=.59) for Cohort 1
classrooms and 2.81 (SD=.65) for Cohort 2
classrooms. However, results for both states
indicated a statistically significant difference
between cohorts on the individual item related
to the use of schematic diagrams: southeastern,
#(153)=2.52, p=.013; western, #(329)=1.99,
p=.047, with Cohort 1 classrooms (south-
eastern, M =3.06, SD = .62; western, M =3.12,
SD =.62) scoring higher than Cohort 2 class-
rooms (southeastern, M=2.83, SD=.74,
western, M =2.97, SD = .69).

Discussion

Longitudinal evaluation is important because
successful scale-up of interventions requires
consistency over long periods of time to be
cost-effective. This study provides a novel con-
tribution to the literature by empirically exam-
ining the extent to which SBI-experienced
teachers (Cohort 1) demonstrate sustained
implementation fidelity to the core components

of the SBI program 1 year past the end of the
study without continued project support on
the learning outcomes of students with MD,
compared with learning outcomes of students
with MD in classrooms of SBI-novice teachers
(Cohort 2), who taught SBI for the first time
with  PD. Supporting existing studies
(Jitendra, Harwell, et al., 2016; Jitendra,
Harwell, & Im, 2021) that provided high-
quality PD focused on proportional reasoning
along with contextual support (e.g., instruc-
tional materials that support teachers in devel-
oping students’ proportional reasoning skills),
both cohorts demonstrated similar levels of
fidelity to the underlying program (Research
Question 1), suggesting that the math
content—targeted high-quality PD in these
studies positively influenced teachers’ imple-
mentation of the PD practices in the classroom
(cf. Copur-Gencturk et al., 2019; Schuchardt
et al., 2017). Recall that we designed our SBI
instructional materials (e.g., diagrams to high-
light the mathematical structure of problems)
to explicitly support teachers working with a
broad range of learners. Alternatively, the sus-
tainability effects of teacher PD may be related
to Cohort 1 teachers’ perceived utility of the
SBI program and their students’ learning gain
(cf. Clements et al., 2015; Fishman et al.,
2011, Klingner et al., 2001).

Regarding Question 2, results indicated
cohort was not a significant predictor of the
PPS posttest and delayed PPS posttest, suggest-
ing that student learning was on average the
same regardless of whether a teacher was an
SBI-experienced or SBI-novice implementer.
Consistent with the findings of Jitendra,
Harwell, et al. (2016), our data indicated no
evidence to support advantaged outcomes for
students in either SBIl-experienced- or
SBI-novice-teacher implementers’ classrooms,
which contrasts somewhat with Jitendra,
Harwell, and Im (2021), who found significant
differences between Cohort 1 and Cohort 2
classrooms on the PPS posttest, with students
in Cohort 1 classrooms scoring higher than stu-
dents in Cohort 2 classrooms. It is worth noting
that Jitendra, Harwell, et al. (2016) provided
PD to 42 Cohort 2 teachers at one site,
whereas Jitendra, Harwell, and Im (2021) pro-
vided PD to small groups of teachers (7-18) at
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each site. The small-group arrangement may
have enabled the leader to be more responsive
to teacher interactions and to clarify materials
in context to improve teacher practices and,
consequently, student learning.

In this study, there was minimal
variation in the performance of students
with MD from differences in teacher
experience with SBI, suggesting the
“holding power” of SBI in the sense that
student learning did not drop off despite
the SBI-experienced cohort not receiving
any additional PD in the 2nd year.

Similarly, results indicated cohort was not
a significant predictor of the GMADE posttest
or end-of-year state achievement test, suggest-
ing that student learning was on average the
same regardless of whether a teacher was an
SBI-experienced or SBI-novice implementer
(Research Question 3). It is also worth
noting that there is descriptive evidence
some students with MD in both cohorts transi-
tioned to the no-risk categories at the end of
the year in terms of their MA level (see
Figure 1). Taken together, these findings
show that students in classrooms of both
Cohort 1 and Cohort 2 teachers made compar-
able gains not only in PPS but also in overall
mathematics problem solving and MA, sug-
gesting that designing PD activities supported
by effective instructional materials and tea-
chers implementing units designed around
proportional reasoning had a positive impact
on student outcomes (e.g., Jitendra, Harwell,
et al., 2016; Jitendra, Harwell, & Im, 2021).

Finally, results showed no differences
across cohorts with regard to acceptability of
SBI (Research Question 4). Consistent with
Jitendra, Harwell, et al. (2016), Jitendra,
Harwell, and Im (2021), and McMeeking
et al., (2012), we posit that the high levels
of teacher satisfaction with the underlying
SBI program may explain fidelity of imple-
mentation to the program components.
Additionally, it is possible that buy-in to the
SBI program from teachers in both cohorts
motivated their students and enhanced

student attitudes about SBI. However, the
finding that students in Cohort 1 classrooms
reported higher levels of satisfaction with the
use of schematic diagrams than students in
Cohort 2 classrooms suggests that teachers
who had experience with SBI may have mas-
tered ways to work with and across a range of
representations to motivate their students.
Although interesting, these results must be
interpreted with caution. First, the combin-
ation of teacher reassignment and teacher attri-
tion in the 2nd year of Jitendra, Harwell, and
Im (2021) produced a nonequivalent, quasiex-
perimental, cluster design. However, as pre-
sented in the Results, our study shows
evidence of pretest equivalence of both
cohort classrooms on the distal measures and
only a small difference on the proximal
measure (PPS). Recall that for all outcomes,
the pretest served as a student-level control
variable. Relatedly, the relatively modest
number of classrooms for the southeastern
state (j=19) may have produced statistical
tests with less-than-acceptable levels of
power, which could play an important role in
the absence of cohort differences for class-
rooms in the western state. Second, we classi-
fied students as having MD based on
end-of-the-year sixth-grade state MA test
scores in each state, with variations in categor-
ies of achievement levels. Although there
were more students in the southeastern state
identified as having MD than in the western
state, the results were similar in both states.
Third, given that the SBI teacher PD
program included access to support resources
(e.g., teacher guide, student materials), we
cannot disentangle the PD components from
the use of instructional materials to influence
SBl-experienced teachers’ sustained imple-
mentation fidelity to the core components of
the SBI program 1 year past the end of the
study without continued project support and
to affect student outcomes. Future research is
warranted to examine whether students still
benefit from instruction on proportional rea-
soning when teachers receive the same
instructional materials but PD is reduced or
eliminated. Fourth, the internal reliability of
the student measures was below what is typic-
ally recommended and noticeably lower than
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the reliabilities reported by Jitendra, Harwell,
et al. (2016) and Jitendra, Harwell, and Im
(2021). The lower reliabilities may be partly
or wholly due to the homogeneity of the
sample of students in the current study
(all have been identified as having MD),
which, other things being equal, could
reduce variability and lower reliability. Still,
the lower reliabilities of the student measures
in the current study add error to the analyses
and thus represent an important limitation.

Contributions and Implications

Results of this study contribute to the research
base in several ways. First, our study design
(following two cohorts, SBI-experienced tea-
chers and SBI-novice teachers, over time)
allowed us to account for more than immediate
teacher and learning outcomes of students with
MD, which is important to address a program’s
true effect (Liu & Phelps, 2020). Second, the
SBI program in this study may have provided
a coherent program of teaching and learning
that promoted the significant levels of fidelity
found in this study, which in turn impacted
positive learning outcomes for students with
MD. Teachers seemed to have made sense of
the curricular activities (e.g., connecting the
new problem to previously solved problems,
highlighting the underlying problem structure
using visual-schematic representations, gener-
ating an estimate prior to solving the problem,
applying multiple solution strategies, checking
the reasonableness of the solution) and were
faithful to the underlying program as they
became empowered in their knowledge of
ways to support a broad range of learners.
One implication, then, is that a coherent model
of PD and effective instruction may provide
the conditions for promoting sustainability in
teacher practices (Darling-Hammond et al.,
2017; Zehetmeier & Krainer, 2011).

Third, this study focused on a highly
relevant population (i.e., students with
MD) for the secondary analysis, which is
important to inform evaluations of interven-
tion effectiveness in research contexts.

In an increasing climate of low
expectations for students with MD served

in general education classrooms, helping
teachers understand the capacities of all
students to learn challenging
mathematics (ratios and proportions)
using the SBI program, which has

demonstrated improved student

achievement, has important implications
for teaching students with MD.

In the current study, we encouraged students
with MD to engage in problem solving,
reason at high levels, and explain their think-
ing using mathematical practices (e.g., make
sense of problems, look for and make use of
structure) articulated in the CCSS-M
(National Governors Association Center for
Best Practices & Council of Chief State
School Officers, 2010). Relatedly, we encour-
age researchers to investigate whether contin-
ued implementation of effective teaching
practices for longer than 2 years produces
greater achievement for students with MD
by examining the extent to which different
durations (e.g., 2 years vs. 4 years) of imple-
mentation of the SBI program influence sus-
tainability effects of teacher PD.

Fourth, our results converge with previous
studies of students with MD to indicate that
instructional efforts in general education class-
rooms targeted to meet the needs of a majority
of students can be achieved with the integra-
tion of best practices in mathematics education
and special education (e.g., Barnes et al.,
2016; Clarke et al., 2011; Fuchs et al., 2016;
Jitendra, Harwell, Karl, et al., 2017). More
generally, findings from this study suggest
that SBI may display the desired impact of a
core mathematics program where students
with MD can be successful in learning math-
ematics. This is consistent with previous
research on rational numbers (e.g., Fuchs
et al., 2017; Jitendra et al., 2018; Jitendra,
Harwell, et al.,, 2016; lJitendra, Harwell,
Dupuis, et al., 2017; Jitendra, Harwell, Karl,
et al., 2017; Jitendra & Im, 2019). The find-
ings also provide preliminary evidence that
the SBI program might decrease the number
of students classified as MD at entry into
eighth grade because it implies better
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performance on mathematics tests. This
finding, if supported by future research,
would be important to students with MD and
their families and would have a positive
impact on schools in that it could provide
ways to increase their ability to provide effect-
ive instructional support for all students. In
summary, this study suggests that a coherent
model of PD and instruction may provide
the conditions for promoting sustainability in
teacher practices and may be beneficial in sup-
porting students with MD served in general
education classrooms.
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