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Abstract Division is an essential skill for math fluency
and achievement in higher-order math skills. Using a
partial quotients algorithm is one way to support a
student’s ability to develop both conceptual and com-
putational knowledge of long division.We used the self-
regulated strategy development (SRSD) framework to
develop lesson plans and a mnemonic to guide students
through the long division process. Using a multiple-
baseline across participants design, SRSD instruction
resulted in a functional relation between the intervention
and both correct answers and rubric scores. The inter-
vention was implemented by a practitioner with high
levels of fidelity and had high levels of acceptability
from both teacher and student perspectives. We present
limitations and future directions in this area.
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Introduction

Mathematics difficulties are a persistent concern in
the United States (Siegler et al., 2012). Recent
assessment data have shown that students have
consistently underperformed in the area of mathe-
matics for more than a decade (National Assess-
ment of Educational Progress [NAEP], 2019). A
longitudinal study by Siegler et al. suggested that
two mathematics concepts (fractions and division)
were predictors of later mathematics performance
(e.g., Algebra). In addition, the National Mathe-
matics Advisory Panel (National Mathematics Ad-
visory Panel, 2008) discussed the implications of
building number sense fluency as a foundation for
future math acquisition. Their recommendations
include building a sense of fluency in division of
whole numbers by the end of the 5th grade.

Mathematics outcomes for all students are dire, but
for students with disabilities the outcomes are evenmore
disturbing. Results from the 2019 Mathematics NAEP,
for example, yielded substantial deviations in achieve-
ment levels when comparing students with disabilities to
typically developing children. Of the four performance-
level categories (Advanced, Proficient, Basic, and Be-
low Basic), a mere 17% of assessed 4th graders identi-
fied with a disability achieved a level of Proficient or
above whereas 45% of assessed 4th graders not identi-
fied with a disability met either Proficient or Advanced
performance levels. Test results from 8th-grade students
proved even more dismal as only 9% of students with
disabilities met Proficient levels compared to 37% of
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students without disabilities who met or exceeded a
level of Proficient (NAEP, 2019).

When examining mathematics performance of stu-
dents with disabilities, those identified with emotional
disturbances, commonly referred to as students with
emotional or behavioral disorders (EBD), are a unique
population to observe. Studies not only show that, on
average, students with EBD typically perform 1–2 years
below grade level (Reid et al., 2004), but mathematics is
a problematic academic content area for students with
this disability demographic (Anderson et al., 2001).
These poor outcomes may be a result of students with
EBD having less access to the general education setting
and their related standards (Mulcahy et al., 2014). In
addition, these results may stem from a paucity of re-
search in mathematics for students with EBD, especially
those in the early grades (Losinski et al., 2019a).

Mathematics education has shifted teaching and
learning theories, with a pendulum-like effect for nearly
100 years, the key focus behind this is the emphasis
placed on either procedural or conceptual understanding
(National Council of Teachers of Mathematics
[NCTM], 2007). Recent shifts taking place in the Com-
mon Core Era revolve around the balance of procedural
and conceptual understanding, recognizing the impor-
tance both have on students’ success in mathematics.
This is emphasized by effective teaching practice, build-
ing procedural fluency from conceptual understanding,
as suggested by the NCTM (2014). Teaching with a
balanced approach to procedural fluency and conceptual
understanding encourages students to know how to do
mathematics and why it works. The focus on computa-
tional learning starts with developing students concep-
tual understanding (Smith et al., 2017). Building proce-
dural fluency from conceptual understanding begins
with a focus on the concrete learning stage, using
models to understand the math concept. The ways in
which students manipulate those models can help them
develop strategies that, when repeated and refined, de-
velop into algorithms. This iterative process provides
the time for students to develop understanding of the
concepts while becoming fluent with procedures.

Self-Regulated Strategy Development and Mathematics

Self-regulated strategy development (SRSD; Harris &
Graham, 1999) is an instructional methodology that has
been shown to be an effective instructional framework
for students with a variety of disabilities. These findings

are primarily found in the areas of writing, where SRSD
is identified as an evidence-based practice (Losinski
et al., 2014), and in reading (Sanders et al., 2020).
Within the SRSD framework, a student’s strengths and
deficits are explicitly addressed through affective, be-
havioral, motivational, and meta-cognitive strategies
(Harris & Graham, 1999). The SRSD method combines
explicit instruction, self-regulation, self-monitoring,
goal setting, and strategy instruction (Mason et al.,
2012). Six stages of instruction make up the SRSD
model: (1) develop background knowledge, (2) discuss
it, (3) model it, (4) memorize it, (5) support it, and (6)
independent performance of the strategy (Harris &
Graham, 1999).

The use of SRSD in mathematics is an emerging area
with consistently positive results. Beginning with word
problems, Case et al. (1992) used SRSD to teach 5th-
and 6th-grade students problem-solving skills with strat-
egy instruction. Results of this investigation were posi-
tive in improving word problem calculations. Similar
findings on word problems for four 3rd- and 4th-grade
students with disabilities were also noted by Cassel and
Reid (1996). Cuenca-Carlino et al. (2016) used SRSD to
teach multistep algebraic equations to students at-risk
for disabilities with results showing positive effects.

In addition, the authors have used SRSD to teach
the addition and subtraction of fractions to students
with and at-risk for disabilities in four studies. Re-
sults of the first investigation (Losinski et al.,
2019b) showed positive results for 15 of 16 students
with or at-risk for disabilities. Replicating this study,
Ennis and Losinski (2019) found similar results for
eight students with or at-risk for disabilities. Third,
Losinski et al. (2021) used a portion of the SRSD
strategy (FILMS) from the first two investigations to
teach students at-risk for EBD. Results showed a
functional relation between the FILMS strategy and
increases in ability to compute addition and
subtraction of fractions. Finally, using a regression
discontinuity design, Losinski et al. (2021) inter-
vened using FILMS with 16 students below bench-
mark in mathematics (44 in the control group). Al-
though students in the treatment group had higher
scores on the posttest, the local average treatment
effect was not statistically significant. However, the
overall difference in gain score suggested a large
effect (t(1, 56) = 2.59; p = 0.01). Because these
studies were the first to use SRSD to teach fractions
computation, it is important to note all interventions
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were performed with high levels of treatment fidel-
ity and participant acceptability.

Partial Quotients Method of Long Division

While building procedural fluency within the con-
cept of division, students should understand the
concept of division as “how many groups of these
are in that” (Bennett & Rule, 2005; Burns, 2003).
For example, when dividing 262 by 7, the underly-
ing concept students are considering is “how many
groups of 7 are in 262,” which encompasses the
understanding of place value and the inverse rela-
tionship with multiplication. The traditional division
algorithm requires students to follow a lengthy and
precise step-by-step procedure that breaks down the
dividend into individual digits to the extent that
students rarely consider the actual division question
(Ng, 1999; “how many of this are in that”), focusing
on each place value in isolation, but rarely the whole
number (Bennett & Rule, 2005). In this situation,
the student never considers how many times 7 goes
into 262. Rather, students typically memorize and
repeat four rote steps—divide, multiply, subtract,
bring down. This traditional algorithm focuses on
the procedure but does not promote students’ under-
standing of the concept of division (Bennett & Rule,
2005). As a result, students often experience minor
lapses in attention to detail, which lead to incorrect
quotients that can be hundreds or thousands away
from the correct final answer. Common errors in-
clude students putting a number in the wrong place,
bringing down a number at the wrong time, or
writing the multiplier in the product position; these
errors would inevitably provide an answer that was
illogically incorrect and one that has little focus on
the relationship between the values of 7 and 262. As
such, it would be unlikely that students would notice
their mistakes.

The partial products algorithm allows students to
focus on the concept of division while developing a
procedural algorithm (Burns, 2003). Using the same
exercise as above, when implementing the partial
products algorithm, students would start by asking,
how many groups of 7 are in 262. The algorithm,
i.e., step-by-step procedure, is intuitively imple-
mented. Students continue to use what they know
about the values and relationship between 7 and 262
and their knowledge of multiplication facts to

determine the quotient. Figure 1 shows the partial
quotients division algorithm, including student
work, for this exercise.

The partial quotients algorithm encourages stu-
dents to understand the concept of division “how
many of this are in that”), while utilizing a proce-
dure that accurately and efficiently produces the
correct answer (Burns, 2003). In the above process,
if a student did not recognize that 7 went into 262
twenty times, the student could have selected 10
times. With the partial quotients algorithm, students
are encouraged to use multiplication facts they
know, whereas in the traditional algorithm, they
are required to find the largest value or they will
inevitably find an incorrect answer (Bennett & Rule,
2005). This flexibility component of the partial quo-
tients division algorithm allows a variety of student
responses based on personal prerequisite knowledge
of multiplication facts. The teacher can evaluate the
multiple solution pathways to gain a deeper look
into students’ understanding of multiplication as
the inverse operation of division.

The purpose of the current study is to investigate
the use of SRSD to teach the partial quotients meth-
od of long division computation to students with or

37 
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Fig. 1 Partial Quotients Algorithm.
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at-risk for EBD. This research is predicated on the
following research questions: Does the SRSD partial
quotients strategy improve the long division skills of
students with or at-risk for EBD? and How socially
valid is the SRSD partial quotients strategy for stu-
dents with or at-risk for EBD?

Method

The current study occurred in a suburban, Title I ele-
mentary school in the Midwest region of the United
States. The school served nearly 500 students in kinder-
garten through 6th grades. Of the entirety of the popula-
tion, 51%were male and 62% qualified for either free or
reduced lunch services (13% reduced, 49% free). Stu-
dents were predominantly white (60%), Hispanic
(22%), or of mixed racial decent (10%). The remainder
of the population was represented by an assortment of
additional ethnicities. Nineteen percent of students re-
ceived special education services and 11% received
English as a second language support.

The school district was in its second year of
implementing a three-tiered academic and behavior-
al system of support in which students were assessed
three times per year via FastBridge, a universal,
computerized assessment program (Christ, 2017)
and the Social, Academic, and Emotional Behavior
Risk Screener–Student and Teacher Rating Scales
(SAEBRS; Kilgus et al., 2014). SAEBRS results
from both students’ self-ratings and teachers’ ratings
of internal and external social, academic, and emo-
tional behaviors placed students into no risk, some
risk, or high-risk categories. Likewise, the
FASTBridge mathematics assessment placed stu-
dents into one of three risk categories based upon
individual student achievement. The SAEBRS
screening assessment tool has adequate reliability
and validity (Kilgus et al., 2016), and the FastBridge
mathematics assessment is based upon recommen-
dations from the NMAP (Christ, 2017). Results from
the screeners determined which students needed in-
tervention support at Tiers 2 and 3. Students’ prog-
ress was monitored throughout the year on a bi-
monthly basis. The elementary school participating
in this study had also just completed a review unit
on multiplication and long division prior to the
beginning of the study.

Participants

Inclusion and Exclusion Criteria

Fifth-grade students were invited to participate in this
study if they (1) were at-risk for mathematics on the
school-delivered FASTBridge (Christ, 2017) universal
screening measure in the mathematics domain; (2) were
receiving services for an emotional disturbance or meet-
ing high-risk status on the student or teacher version of
the universal SAEBRS (Kilgus et al., 2014; von der
Embse et al., 2017) universal screening measure for
social or emotional deficits; and (3) received a failing
grade on a division calculation assessment that consisted
of 12 long division problems with 1-digit divisors and 3-
digit dividends. Universal screening was conducted by
the school district three times during the school year, in
fall, winter, and spring. A sample of students was first
selected according to the first two inclusion criteria.
Those students were then given consent forms for par-
ents to sign and return in order to allow students’ par-
ticipation in the study.

Sampling Procedure

The parents of 16 students were contacted to participate
in the study, with 8 returning consent forms. The eight
students who gave assent were then administered a long
division assessment, with the three students performing
the lowest on the assessment enrolled in the current
study. All data for the study were collected daily by
the intervention agent at the school site during the tiered
instruction blocks in which the intervention took place.

Rihanna Rihanna was a 10-year-old female student of
American Indian descent. She was receiving special
education and related services due to academic and
behavioral needs, including physical therapy and school
social work services, under the Other Health Impairment
(OHI) exceptionality category. In addition, Rihanna was
a child served by the state’s foster care system and was
receiving free and reduced lunch services. She was rated
by her classroom teacher as being high-risk on each of
the three factors (social, emotional/behavioral/academ-
ic) of the district’s SAEBRS screener.

Tim Tim was also a 10-year-old, twice exceptional
white male receiving special education services for
emotional disturbance and a specific learning disability.
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He received school social work services and qualified
for the district’s free and reduced lunch program. Tim
and his classroom teacher rated him as being at-risk on
the behavioral and emotional categories of the SAEBRS
screener. His classroom teacher also ranked him as at-
risk in the social category of the SAEBRS assessment.

Kevin Kevinwas a 10-year-old, twice exceptional white
male receiving special education services for emotional
disturbance and a specific learning disability. He was
also receiving related social work services and qualified
for free and reduced lunches. He was rated by both
himself and his classroom teacher as being at-risk across
all categories of the district’s SAEBRS screener.

Intervention agent Intervention sessions were imple-
mented by a 30-year-old, female special education
teacher. She had 6 years teaching experience in the
general education setting and was in her 3rd year of
teaching in a special education resource setting. She was
a 3rd-year doctoral student and had prior experience and
training utilizing SRSD interventions across a variety of
content areas.

Measures

The primary outcome measure for this study was a long
division probe that assessed a student’s ability to calcu-
late long division with 1-digit divisors and at least 3-
digit dividends. These probes were 7-min timed assess-
ments with 12 questions each. Probes were created
using an online worksheet generator (Math-Aids.com,
2017), and randomly assigned an order of administra-
tion (i.e., baseline, intervention probes). Two methods
of scoring were used in the current study; the first
(primary) was a researcher-developed rubric for scoring
problems, and the second was correct answers on the
long division problems. The same procedures for ad-
ministration and scoring were used for probes across
phases: baseline, postintervention, and 2-week
maintenance.

Rubric

Our primary dependent variable consisted of rubric
scores of completed problems. A rubric was developed
that allowed the scoring to be more sensitive to change
and focused on the process of arriving at an answer
(Foegen et al., 2008). The rubric was scored 0–3 points

per problem. Zero points were received for displaying
no answer or an incorrect answer without showing
work. One point was given for students arriving at no
answer or an incorrect answer but correctly completing
fewer than three steps in the solving of the problem.
These steps consisted of the first three steps from the
LSRA intervention: List easy multiples for the divisor,
Subtract from the dividend an easy multiple of the
divisor, and Record the partial quotient to the right of
the problem and repeat until the dividend is reduced to 0
or the remainder is less than the divisor. Two points
were earned for arriving at no/incorrect answer, but
correctly working the problem until completion (e.g.,
until arriving at a remainder). Three points were given
for the correct answer regardless of work completed.

Correct Answers

Correct answers also were calculated. To receive credit,
students must have calculated the entire answer (includ-
ing remainder). Correct answers were used instead of
correct digits because, unlike the traditional algorithm,
the partial quotients algorithm allows students to choose
various partial quotients thus making it impossible to
accurately count digits within the problem.

Interrater reliability A second researcher, a doctoral
student in special education, conducted interrater reli-
ability (IRR) on 30% of probes for both correct answers
and rubric scores across all baseline, postintervention,
and 2-week maintenance phases. Each rater was provid-
ed with an answer key and trained to score the probes
using the above procedures. IRR was calculated by
dividing the total number of agreements by the total
number of opportunities. IRR for the current study was
88.9% on the rubrics and 100% on correct answers.

Social Validity

Social validity was assessed by determining the accept-
ability of the study’s goals, outcomes, and procedures
(Wolf, 1978).

Acceptability of procedures Treatment acceptability
was assessed at postintervention from the students’ per-
spective using the Children’s Intervention Rating Profile
(CIRP; Witt & Elliott, 1985). The CIRP acquires social
validity information from the student through a 7-item
questionnaire on a 6-point Likert scale (1 = I do not
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agree . . . 6 = I agree) yielding a score from 7 to 42. The
CIRP is a widely used measure of social validity with
strong psychometric properties. Interpretation of the
results of the CIRP is based on higher scores
representing higher treatment acceptability. The CIRP
was edited so statements used the name of the program
and other specific aspects of the program while main-
taining the intent of each statement.

Treatment acceptability was assessed at postinterven-
tion from the intervention agent’s perspective using the
Usage Rating Profile Intervention Revised (URP-IR;
Chafouleas et al., 2011). The URPIR is a 29-item self-
report measure designed to address the intervention
agent’s attitudes and feelings towards intervention ac-
ceptability*, understanding, home-school collaboration,
feasibility*, system climate, and system support factors
(* denotes factors having reversed-scored items). Items
on the URP-IR are rated on a scale of 1 (strongly
disagree) to 6 (strongly agree). As with the CIRP, the
URP-IR reflects strong psychometric properties and was
edited to use the name of the program and other specific
aspects of the program while maintaining the intent of
each statement (Chafouleas et al., 2011).

Conditions and Design

Experimental Design

The current study used a single-case, multiple-baseline
across-participants design (Ledford & Gast, 2018).
Multiple-baseline designs make use of longitudinal data,
delivering the intervention to participants at staggered
intervals to allow for the opportunity of a functional
relation to be exhibited. This design was selected for
several reasons, including observations from previous
SRSD mathematics research (e.g., Losinski et al.,
2019b), which led us to hypothesize effects on student
scores would likely occur throughout intervention
phases as opposed to the immediacy of noticeable re-
sults often found in other experimental designs such as
pre- and posttesting. In addition, due to a small sample
size, a group design would have been inappropriate for
the intervention study. Test fatigue was also accounted
for as it was determined a priority to start the interven-
tion for the first participant after 3 data points were
collected and then after 5 data points for participants 2
and 3 (long enough for the intervention to be delivered
to each student).

Baseline

Baseline performance in long division was assessed
using long division probes delivered every day. Baseline
probes were delivered to Rihanna, Tim, and Kevin for 3
days, before the first student (Rihanna) received the
intervention. After the first student received the inter-
vention package, baseline probes were continued for the
other two students until 5 data points had been collected
at which point the next student (Tim) received the
intervention. This process was repeated until all of the
students received the intervention.

The curriculum used by the district for 5th grade was
Math in Focus (Singapore Math, Inc., 2002). All 5th-
grade students, including study participants, had just
completed a review of multiplication and division that
included the implementation of standard calculation
algorithms through general-education instruction prior
to the start of this study. Study participants continued
receiving general education Math in Focus lessons as
well as their typical Tier 2 and Tier 3 mathematics
instruction block during baseline and throughout all
intervention phases. All tiered mathematics instruction
occurred daily for 30 min and did not consist of long
division lessons to ensure reliable baseline and interven-
tion data was maintained. Typical Tier 3 behavior sup-
port (e.g., social skills training) also continued to be
provided by the special education teacher to each stu-
dent throughout all phases of the study as outlined in
students’ IEPs.

SRSD Mathematics

All participants received five intervention sessions (ap-
proximately 45 min each) and were conducted individ-
ually during previously scheduled tiered intervention
blocks. The intervention was comprised of self-
regulated strategy development for long division. The
first, third, and fourth authors developed lesson plans,
and associated mnemonic devices, to teach the skills
necessary to successfully complete long division equa-
tions with the partial quotients algorithm.

Developing background knowledge During this stage,
the intervention agent discussed relevant background
knowledge and vocabulary when dealing with long
division. For example, during the lessons, she reviewed
the terms “divisor,” “dividend,” and “quotient” and
verified students could both identify each part of the
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problem and had a conceptual understanding of what
each represents. Further, the intervention agent used
visuals and manipulatives to demonstrate essential
topics. This stage was vital in allowing the intervention
agent to confirm that students had necessary preskills to
use the strategy (Mason et al., 2012).

Discussing the strategy The second stage of SRSD
involves discussing with students that they would be
learning a strategy, involving a mnemonic, to help them
remember all the steps of the long division algorithm
(Mason et al., 2012). The intervention agent reaffirmed
the benefits of learning to complete long division and
was enthusiastic in learning this new approach. A learn-
ing contract was signed by the intervention agent and
students to elicit joint commitment to learning and using
the strategy. Once the learning contract was signed, the
intervention agent modeled the steps of the algorithm
using self-statements, goal setting, and self-monitoring
procedures. Finally, students were presented with lesson
materials (e.g., graphic organizers, mnemonic charts)
and followed along as the intervention agent modeled
completion of the steps.

Modeling the strategy In this stage, the intervention agent
modeled each step of the partial quotients algorithm using
“think alouds,” self-instructions (self-questioning, self-
praise), goal setting, and self-monitoring (Harris et al.,
2008). The intervention agent led individual students in
the completion ofmultiple problems, modeling the process
of checking off each step on the strategy checklist. Stu-
dents were instructed that they would complete 10 prob-
lems during the lesson and that they were going to use the
strategy during each problem.

Memorizing the strategy Stage 4 involved actions to
assist students’ memorization of the mnemonic (i.e.,
strategy steps; Harris et al., 2008). The intervention
agent began and ended most daily lessons with occa-
sions to rehearse memorizing strategy steps through
silent self-checks, partner quizzing (including with the
intervention agent), or written assessment.

Supporting the strategy In this stage, the intervention
agent aided students’ practice of the strategy steps by
offering opportunities for cooperative practice and scaf-
folding (Mason et al., 2012). For example, the intervention
agent offered opportunities for students to model the steps
for the intervention agent, with support, if needed.

Independent performance In the final stage, the inter-
vention agent confirmed that students could use the
strategy independently and without prompting (Harris
et al., 2008). As students advanced through this stage,
the intervention agent scaffolded supports, asking stu-
dents to put away their strategy materials and, if needed,
list the strategy steps at the top of the page to serve as a
prompt to complete all steps.

LSRA The strategy used in this study was based on the
partial quotients algorithm and included the mnemonic
Long division Seems Really Awesome. The mnemonic
device LSRA was developed by the first and second
authors and stands forList easymultiples for the divisor,
Subtract from the dividend an easy multiple of the
divisor, Record the partial quotient to the right of the
problem and repeat until the dividend is reduced to 0 or
the remainder is less than the divisor, andAdd the partial
quotients to answer the problem. The LSRA lessons
were delivered until mastery was achieved. Mastery
was defined as students memorizing the LSRA strategy
that accompanied the SRSD intervention (based on a
quiz delivered on the 3rd day) and the ability to solve
long division problems independently with correct final
quotients on lesson worksheets.

Materials At the beginning of the LSRA strategy, stu-
dents completed a learning contract where students and the
interventionist committed to learning and using the strate-
gy. Students were also given a self-instruction worksheet,
mnemonic chart, checklist, and cue cards for the strategy.
All students utilized every intervention material; however,
the extent of use and fading of thesematerials depended on
individual student need. For example, Tim did not rely on
the mnemonic chart after the 1st day of being exposed to
the mathematics tool and thus, did not require use of the
chart for most of his intervention lessons. Finally,
worksheets were given to students at the beginning of each
intervention session to allow students to practice the
targeted strategy. Each student had a folder that was passed
out daily during the intervention sessions to organize these
mathematics materials.

Treatment fidelity Treatment fidelity was assessed
over 100% of sessions using a checklist of core
lesson plan components by the intervention agent.
Figure 2 offers an example fidelity checklist for the
first intervention lesson. Due to lessons focusing on
different skills, lessons ranged in steps from 13 to
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26 steps. Each lesson and fidelity checklist incorpo-
rated elements of the SRSD framework and its cor-
responding LSRA strategy; however, as students
acquired stronger self-regulation skills through the
framework and strategy, supports and teacher-led

instruction faded. In turn, lessons required fewer
items to be completed on the fidelity checklists.
Items on the fidelity checklist were marked as pres-
ent (1) or absent (0) by the intervention agent each
d a y . D a t a o n t h e f i d e l i t y o f t r e a tm e n t

Date:___________ Instructor: _____________ Observer:______________

Lesson 1 Fidelity: Introduce LSRA

Materials
_____ LSRA mnemonic chart, learning contract

Reviewing Background Knowledge
_____ Review what the students already know about long division.

_____ Review/introduce the terms partial, dividend, divisor, quotient, and multiples.

Set the Context for Student Learning
_____ Discuss with students the importance of understanding how to solve long division 

problems.

_____ Introduce partial quotients.

Develop the Strategy and Self-Regulation
_____ Introduce the four-step LSRA acronym.

_____ Remind students the importance of using LSRA when solving long division problems.

Discuss the LSRA Steps
_____ Using the mnemonic chart, explain Long division = List easy multiples of the divisor and 

show examples.

_____ Explain the second letter of the acronym Seems = Subtract from the dividend an easy 
multiple of the divisor and show examples.

_____ Explain the third letter of the acronym Really = Record the partial quotient to the right of 
the problem and repeat until the dividend is reduced to zero or the remainder is less than 
the divisor and show examples.

_____ Explain the final letter of the acronym Awesome = Add the partial quotients to answer the 
problem and show examples.

Obtaining Commitment
_____ Explain rational for the LSRA strategy.

_____ Explain need for student commitment. 

_____ Pass out and review the learning contract content.

_____ Help students complete the learning contract.

_____ Student and teacher sign the learning contract. 

Memorization Practice
_____ Ask students to tell you why it is important to use the LSRA strategy.

_____ Tell students it is important to memorize all the steps.

_____ Tell them they will continue to practice the strategy until they have it memorized.

_____ On a scratch piece of paper, have the students write out LSRA with a line by each letter.

_____ Review the four steps orally. As each step is stated, have students check off the blank 

space next to the corresponding letter.

_____ Stress again this strategy will help students when working with long division problems.

Wrap Up
_____ Tell students they will come to the next class and review the steps together by writing the 

acronym and reviewing orally.

_____ End the session with a positive praise statement.

Total Steps Complete _____/ Total Steps Possible (24) _____=_____ *100=______

Fig. 2 LSRA Lesson 1 Fidelity Checklist
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implementation were also collected randomly over
30% of sessions evenly spread across the interven-
tion by another member of the research team. Fidel-
ity of implementation was measured by dividing the
total number of implemented elements by the total
possible elements with the result multiplied by 100.
Fidelity of implementation was 100% across all
sessions for all students from the intervention agent
and researcher perspective.

Data Analysis

The primary means of data analysis was through visual
analysis of graphed data (Ledford & Gast, 2018). Data
were analyzed for changes in the immediacy of effect,
level, variability and trend of the graphed data between
baseline (A) and postintervention (B) phases. To sup-
port analysis, means, standard deviations, and slopes
were calculated by phase.

To complement visual analysis, we computed the
BC-SMD (Shadish et al., 2014) using the DHPS Macro
(Version 1.0) for IBM SPSS (Version 23). For the
analysis, we only used the baseline to postintervention
data (excluding the intervention data points). Data were
detrended using the session numbers as the detrending
variable. The BC-SMD outcomemetric has been termed
one of the more robust effect measures for single-case
design research and is in a metric consistent with the
group standardized mean difference g (Shadish et al.,
2014). Interpretation of the BC-SMD follows guidelines
established by Cohen (1988) where BC-SMD< 0.20 is a
small effect, 0.20 < BC-SMD < 0.80 is a moderate
effect, and BC-SMD > 0.80 is a large effect.

Results

Fraction Probes

All students displayed average baseline scores of 0.00
on both outcome variables—rubric scores (Figure 3)
and correct answers (Figure 4). A functional relation
was established between the intervention and the out-
come measures during postintervention phases. In the
following, we describe data collected on the perfor-
mance of individual participants after learning the
SRSD division intervention (Table 1).

Rihanna

With respect to rubric scores on the division probes,
Rihanna made significant gains from baseline (M =
0.00, SD = 0.00) to postintervention (M = 4.22, SD
= 1.86) and continued to demonstrate skill mainte-
nance (M = 4.00, SD = 1.00). With respect to correct
answers, changes in level and variability were noted
for Rihanna at postintervention (M = 0.80, SD =
0.61) with scores maintained at 2-week maintenance
(M = 1.00, SD = 0.00).

Tim

At postintervention, the level and variability of
Tim’s rubric scores improved (M = 5.43, SD =
1.13) with increases maintained at 2-week mainte-
nance (M = 4.33, SD = 0.58). With respect to correct
answers, changes in level, variability and trend were
noted for Tim at postintervention (M = 1.00, SD =
0.82) with scores maintained at 2-week maintenance
(M = 1.00, SD = 0.00).

Kevin

At postintervention, the level and variability of
Kevin’s scores increased (M = 3.25, SD = 1.26) with
increases maintained at 2-week maintenance (M =
3.33, SD = 0.58). With respect to correct answers,
changes in level, variability, and trend were noted
for Kevin at postintervention (M = 1.00, SD = 0.82)
with scores maintained at 2-week maintenance (M =
1.00, SD = 0.00).

BC-SMD

The BC-SMD was calculated to determine the social
validity of the experiment and to complement visual
analysis of graphed data. BC-SMD for rubric scores
was 3.38 (SE = 0.63) and 1.71 (SE = 0.36) correct
answers. For both variables, BC-SMD met the
criteria of showing a large effect.

Social Validity

The acceptability of the intervention was assessed
by surveying the students and intervention agent
on their views of the intervention. On the CIRP,
students rated the intervention in the following
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manner: Rihanna = 39, Tim = 42, Kevin = 42
(with a maximum score of 42), suggesting high
levels of acceptability. On the URP-IR, the inter-
vention agent rated items in the home collabora-
tion (M = 1.66, SD = 0.58) and system support (M
= 1.00, SD = 0.00) as low, suggesting that the
intervention agent had necessary supports within
the classroom and school, and thus did not require
home collaboration to effectively conduct the in-
tervention. The intervention agent rated acceptabil-
ity (M = 4.66, SD = 0.87), understanding (M =
6.00, SD = 0.00), feasibility (M = 5.33, SD =
0.82), and system climate (M = 4.80, SD = 0.45)
high with a maximum score of 6.0.

Discussion

The current study sought to address the poor long
division performance of students with and at-risk
for EBD through the use of an SRSD intervention.
The study used a multiple-baseline across-partici-
pants design to determine the effects of the SRSD
intervention on long division probes. Results of
the study showed a functional relation between
the introduction of the SRSD intervention and
changes in correct answers and scores on a per-
formance rubric. In addition, the intervention was
implemented with high levels of treatment fidelity
and was rated as socially valid on measures of
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acceptability and effect. In the following, we dis-
cuss these results with respect to the research
questions and provide limitations and directions
for future research.

Effectiveness of SRSD on Long Division

The SRSD strategy used showed a functional relation
between the intervention and students’ ability to com-
plete long division items on probes. All participants

improved both average rubric scores and correct an-
swers on the division probes from baseline to postinter-
vention and were able to demonstrate skill maintenance.
In fact, all three participants were unable to accurately
solve a single long division problem prior to being
exposed to intervention yet were able to demonstrate a
completed, accurate quotient using the SRSD strategy
even after weeks of receiving the intervention. In addi-
tion, the BC-SMD of 1.71 for correct answers and 1.96
for the rubric is consistent with previous SRSD
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mathematics intervention research that showed large
effects for fractions (Losinski et al., 2019b; Ennis &
Losinski, 2019; Losinski et al. 2021; Losinski et al., in
press), word problems (Case et al., 1992; Cassel & Reid,
1996), and Algebra (Cuenca-Carlino et al., 2016). With
respect to remediating the mathematics skills of students
with EBD, the current study is consistent with Losinski
et al. (2019b) and provides evidence that SRSD can be
an effective method for improving the mathematics
skills of these students. This is likely owed to the prom-
inence of self-regulation strategies including self-
monitoring and goal setting often used with students
with EBD (Mooney et al., 2005). The results of the
current study are promising given the necessity for
developing evidence-based academic interventions for
students with or at-risk for EBD (Ennis & Jolivette,
2014).

Social Validity

The social validity of the current study was rated as high
by students and the intervention agent on the CIRP and
URP-IR, respectively. This is consistent with other stud-
ies using SRSD in mathematics (e.g., Losinski et al.,
2021; Cuenca-Carlino et al., 2016) that showed high
levels of acceptability of procedures, goals, and out-
comes. Given the large effects on students’mathematics
performance, we can also conclude that SRSD interven-
tion had acceptable outcomes. Considering this is the
first study to incorporate SRSD and long division, these

positive results in social validity are especially essential
in planning for future replica studies.

Limitations and Future Directions

There are a number of limitations of the current study
that must be addressed. The first limitation is that stu-
dents selected for the study were those with or at-risk for
EBD, with one of the students being served for an Other
Health Impairment (OHI), though her behaviors were
observed to have the greatest impact on student learning.
Therefore, it is possible that the results shown here may
differ from those with students all classified as EBD.
Further, the students in this study were all served in the
general education classroom for a majority of the day;
therefore, it is not clear if this methodology would work
as well for students with more significant behavioral
challenges. Future researchers should examine the im-
pact of the SRSD framework along the continuum of
placements for students with EBD.

Second, the algorithm used in the study (the partial
quotients method) was different than what students were
traditionally taught in schools. Thus, it is unclear if teach-
ing students to use the traditional algorithm using SRSD
components would have made a stronger impact on stu-
dent performance. Future researchers should examine the
relative advantages of the two methods as well as their
comparative effects when implemented using the SRSD
framework. Third, the probes used in this study have not
been investigated for reliability and validity beyond the
interrater reliability assessed for this study; thus, results

Table 1 Outcome Measures

Variable Student Baseline Postintervention Maintenance (2 wk)

M (SD) Slope SE M (SD) Slope SE M (SD) Slope SE

Rubric Scores

Rihanna 0.00 (0.00) 0.00 0.00 4.22 (1.86) 0.08 1.97 4.00 (1.00) 0.50 1.22

Tim 0.00 (0.00) 0.00 0.00 5.43 (1.13) 0.39 0.82 4.33 (0.58) 0.50 0.41

Kevin 0.00 (0.00) 0.00 0.00 3.25 (1.26) 0.30 1.47 3.33 (0.58) -0.50 0.41

Correct Problems

Rihanna 0.00 (0.00) 0.00 0.00 0.80 (0.61) -0.07 0.61 1.00 (0.00) 0.00 0.00

Tim 0.00 (0.00) 0.00 0.00 1.00 (0.82) 0.18 0.79 1.00 (0.00) 0.00 0.00

Kevin 0.00 (0.00) 0.00 0.00 1.00 (0.82) 0.60 0.32 1.00 (0.00) 0.00 0.00

Note: The primary dependent variable for this study was rubric scores (0–3 points per completed problem). M = mean, SD = standard
deviation, SE = standard error.
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should be taken with caution. Future researchers should
examine the utility of using rubrics to assess student mas-
tery of concepts and procedures in mathematics within a
single-case design experiment. It should also be noted that
the interventionist herself was directly involved in the
scoring of the probes. Although a neutral second observer
also scored the probes for reliability purposes, there is a
general risk for possible bias in cases where the interven-
tionist is directly involved in data collection and
analyzation.

Fourth, test fatigue—derived from taking the probes
over 20 consecutive days—may have set in for each of
the students with variability in scores possibly being relat-
ed to this effect. In addition, although we assessed main-
tenance, we waited only a relatively short amount of time
for this follow-up assessment (2weeks). Future researchers
should examine the effects of SRSD math instruction at
longer intervals. Furthermore, in the current study, the
intervention was implemented as a part of the student’s
tiered math instruction one-to-one with students with or at-
risk for EBD. Although this may not be an accurate
depiction of the type of services offered during tiered
mathematics instruction, prior research (Losinski et al.,
2019b) has shown the SRSDmethod can be used in larger
groupsmore reminiscent of tieredmathematics instruction.

Finally, we chose rubric scores as the primary depen-
dent variable as the correct answers was less sensitive to
change. Although a functional relation and large effect
were observed, students’ performance only increased
slightly over baseline on both measures. One reason for
this is the students had a difficult time answeringmore than
one problem in the allotted (7 min) timeframe. This is
consistent with previous research using mathematics
probes in this way. For example, Losinski et al. (2019b)
noted that students in their study had difficulty completing
fraction problems in 2 min. Further, Ennis and Losinski
(2019) used a longer time frame (4 min) but suffered from
the time constraints noted previously. In the current study,
we used the time frame of 7 min because that is the time
suggested by Foegen et al. (2008) for algebraic progress
monitoring. Although this time frame was still not condu-
cive to allowing the students to solve more problems, we
think any longer might have resulted in additional testing
fatigue. During baseline, students attempted more prob-
lems, but did not use correct algorithms. For example,
Rihanna multiplied the dividend by the divisor before
stopping on the first step on a number of problems. Her
frustrationwith not knowing the appropriate strategy to use
was noted by her writing “help” across the page on the first

probe. Probe fatigue seemed to continue during postinter-
vention and maintenance phases as well. Rihanna, who
mademarked gains during intervention, began to complain
about taking the probes during postintervention, in partic-
ular in the 2nd week of postintervention. This may be due
to deficits in number sense and automaticity that may have
slowed these students more than typical peers. This is of
note because we selected the three lowest performing
students (of eight assessed) for intervention. Future re-
searchers may want to consider using the partial quotients
approach with students who are more fluent with basic
operations. However, results from the study showed that
students with EBD can learn to effectively use the partial
quotients strategy for solving long division.

Conclusion

Findings from the current study support the continued
research of SRSD in mathematics, with marked gains
shown for each of the students with or at-risk for EBD.
In addition, the current study used a novel method of
calculating long division problems, the partial quotients
method. Results showed that students were able to in-
ternalize the strategy and use it to correctly solve long
division problems, however time limitations were noted.
Further, high ratings of social validity and treatment
fidelity suggest that this method may be easy to use
and implement for classroom teachers.
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