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Research on mathematics interventions for college students with learn-
ing disabilities (LD) is sparse, yet mathematics is critical for post-sec-
ondary success. Prior research indicates that many effective strategies
for teaching mathematics to secondary students with LD (e.g., manipu-
latives and cognitive strategies) can also improve the mathematics per-
formance of college students with LD. In this article, we summarize
mathematics intervention research conducted with college students
with LD, and report the findings of a pilot single-case design inter-
vention implemented with one college student with LD, Ada. Results
indicate that Ada made improvements in solving rate of change word
problems following participation in a six-week intervention that incor-
porated an integrated Concrete-Representational-Abstract framework
and a problem-solving heuristic (PODY’). Effect sizes were largest for
the specific outcome of calculating the correct answer. These results
provide initial directions for future research and practice to improve the
mathematics performance of college students with LD.
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INTRODUCTION

Mathematics Difficulties for Students with Learning Disabilities

Students’ mathematics skills play an important role in academic achieve-
ment, critical thinking, degree attainment, and career selection (Forgione, 1999;
Ketterlin-Geller & Chard, 2011). Moreover, the vitality of a country’s economy
is dependent on a workforce with strong mathematical skills (Forgione, 1999).
However, students in the United States lag behind, especially students with dis-
abilities. Only 7% of twelfth-graders with disabilities are at or above proficiency
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in mathematics and 75% are below even a basic level (NCES, 2019). Word
problems present particular difficulty for many students (Martin & Bassok,
2005), especially for students with learning disabilities (LD; Hwang & Ric-
comini, 2016). Students with LD in the area of mathematics often struggle
with factors central to mathematics problem solving, such as fluency, nonver-
bal reasoning, working memory, task organization and planning, and attention
regulation (Agrawal & Morin, 2016; McGlaughlin et al., 2005), as well as form-
ing conceptual and representational understandings of mathematics (Hwang &
Riccomini, 2016; Lewis, 2014).

Underachievement in mathematics causes both short-term and long-
term consequences. In the short-term, students may experience frustration and
decreased motivation (Nguyen, 2015; Sierpinska et al., 2008). When mathe-
matics underachievement is not remediated, students are likely to experience
long-term setbacks, in part because higher-level mathematics (e.g., algebra) act
as a gatekeeper for post-secondary education (Ketterlin-Geller & Chard, 2011;
Nguyen, 2015). Not only do mathematics deficits prevent students from enter-
ing college, but many students with LD who enter college do not graduate, and
even fewer of these students complete degrees within STEM fields (Newman et
al., 2011).

Mathematics Interventions for Secondary Students with Learning Disabilities

Several reviews of the research demonstrate that interventions improve
the mathematics performance of secondary students with LD (Hughes et al.,
2014; Lee et al., 2020; Marita & Hord, 2017). Based on such reviews, the most
effective interventions for teaching algebra and related pre-requisite concepts to
secondary students with LD include multiple representations, visual strategies,
explicit instruction, a systematic sequence of examples (Hughes et al., 2014;
Lee et al., 2020; Marita & Hord, 2017), as well as cognitive and metacognitive
strategy instruction (Hwang & Riccomini, 2016). Studies that utilize the Con-
crete-Representational-Abstract (CRA) approach and schema or model-based
strategies and explicit instruction have high effect sizes (Hughes et al., 2014).
Effective Interventions for Problem Solving

In a review of problem-solving interventions for students with or at
risk for LD, Hwang and Riccomini (2016) highlight three intervention ap-
proaches determined to be effective: heuristic, semantic, and authentic. Heu-
ristic approaches involve the use of metacognitive strategies (e.g., acronyms and
checklists) that guide students through the problem-solving process. Semantic
approaches highlight the underlying structures of problems, primarily through
the use of visual representations, diagrams, or concrete manipulatives. Authentic
approaches primarily use video-based realistic scenarios to introduce problems
and prompt students to identify possible solution approaches. In a systematic
review of algebra interventions, Lee and colleagues emphasize visual represen-
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tations when teaching word problem solving to secondary students with LD
to address difficulties they encounter with problem representation and because
research demonstrates that teaching students to represent problems accurately
can improve word problem performance (Lee et al., 2020).
The Concrete-Representational-Abstract (CRA) Teaching Sequence

One research-based intervention that improves students’ conceptual
and procedural understanding of mathematics concepts is the Concrete-Rep-
resentational-Abstract (CRA) teaching sequence (Bouck et al., 2017), in which
concepts are taught using physical materials (e.g., centimeter cubes, base-10
blocks), representations (e.g., pictures, diagrams), and abstract depictions (e.g.,
standard algorithms). In an evidence-based practice synthesis examining CRA
for teaching mathematics concepts, Bouck and colleagues (2017) conclude that
the research base provides particularly strong support for using CRA to teach
operations to elementary and middle school students with LD, but that addi-
tional research is needed to examine the use of CRA for building the conceptual
understanding of algebra and geometry concepts for older students with LD. Re-
cent research on teaching algebra concepts to students with learning disabilities
and other high-incidence disabilities has utilized an integrated CRA approach
(CRA-I), in which concepts are simultaneously taught using concrete materials,
visual models, and algebraic notation (Bundock et al., 2019; Strickland & Mac-
cini, 2012). The results of these studies indicate that CRA-I can help students
build conceptual and procedural understanding of linear expressions, quadratic
expressions, and rate of change word problems, but more research is needed
to investigate the effects of CRA-I on the performance of secondary and post-
secondary students with LD.
Mathematics Interventions for College Students with Learning Disabilities

Research indicates that college students with LD generally fare worse
than their peers without disabilities on many indicators, including employment
and college completion (Newman et al., 2011; Williams et al., 2020). Given
that many majors or collegiate programs require students to pass mathematics
courses or exams, it is possible that mathematics challenges may be one barrier
students with LD encounter in college that contributes to their poorer out-
comes. McGlaughlin and colleagues investigated the characteristics of college
students with mathematics LD and found that college students with LD have
similarities to elementary and secondary students (i.e., difficulties with reading
comprehension, nonverbal reasoning, working memory, and mathematics fluen-
cy; McGlaughlin et al., 2005). Based on this, college students may be supported
with the same types of interventions that are effective for secondary students,
leading to improved post-secondary outcomes (Street et al., 2012).
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Little research has examined the effectiveness of strategies to improve
the mathematics performance of post-secondary students with LD (Hodara,
2013; McGlaughlin et al., 2005). In a working paper for the Center for Analy-
sis of Postsecondary Education and Employment (CAPSEE), Hodara reviewed
research on mathematics assessment, instruction, and interventions for college
students (Hodara, 2013), and found only one study focused specifically on col-
lege students with learning disabilities (Hodara, 2013). Based on our review of
the literature, we found three studies related to mathematics interventions for
college students with LD. Zawaiza and Gerber (1993) evaluated the effects of
two interventions for solving word problems (translation training versus dia-
gramming) compared to a control group on the performance of college students
with and without LD. Students in the diagram group made fewer errors on a
post-test than students in either of the other groups, and students with LD made
similar types of errors as students without LD. While not statistically significant,
the results indicate that strategy instruction for word problems may benefit col-
lege students with LD.

Kitz and Thorpe (1995) investigated whether incoming freshmen with
LD improved their basic algebra skills after receiving explicit instruction de-
livered via videodisc (with teacher-facilitated practice) compared to a control
group (textbook instruction). Students in the videodisc condition made statisti-
cally significant improvements from pre to post-test compared to the control
group. Kitz and Thorpe recommend researchers examine cognitive strategy in-
struction for solving word problems.

Sullivan (2005) conducted an action research study with three college
students with LD within a college mathematics class. The qualitative study used
manipulatives, journal writing, and multiple forms of assessment for a unit on
finances. The unit emphasized making sense of mathematics, explaining one’s
work, and incorporating discourse about mathematics. All three students made
improvements during the unit. Sullivan calls for more research in this area, in
part to provide guidance to college mathematics teachers working with students
with LD.

The results of these three studies demonstrate that access to interven-
tions can help college students with LD improve their mathematical perfor-
mance. All three studies recommend the use of strategies to help students make
sense of problems, such as cognitive strategy instruction, manipulatives, and
diagram representations of problems. However, because these studies were all
conducted prior to 2005, they do not incorporate specific intervention strategies
that have been found to be effective for teaching secondary students with LD
in more recent years (e.g., CRA-I). Additionally, none of the studies included
a specific measure of the extent to which college students with LD found the
interventions and strategies to be socially acceptable.
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Mathematics Focus: Rate of Change

Rate of change (i.e., slope; ROC) is one key mathematics concept per-
tinent to success in academic courses, professional careers, and independent
living. Examples of ROC problems include calculating average miles per gal-
lon, creating budgets, and determining appropriate quantities when converting
recipes. ROC is a foundational concept for success in algebra and higher-level
mathematics, but many students struggle with understanding and using ROC
(Hattikudor et al., 2012; Teuscher et al., 2010). College students without LD
have difficulty understanding the concept of slope, often due to conceptual mis-
understandings (Bezuidenhout, 1998; Christensen & Thompson, 2012). Re-
searchers have yet to examine the ROC understanding of college students with
LD.

Only one study thus far has investigated the effects of an intervention
on the ROC understanding of students with disabilities (Bundock et al., 2019).
In this study, researchers found that an intervention consisting of CRA-I and a
problem-solving heuristic (PODY') resulted in improvements in three ninth-
grade students’ (with high-incidence disabilities) scores on ROC assessments.
Students’ improvements were gradual and smaller for more complex skills, such
as solving ROC word problems. Given these results, as well as the difficulties
college students without LD face understanding ROC (Bezuidenhout, 1998;
Christensen & Thompson, 2012), it is important to determine the efficacy of
such an intervention with college students with LD.
Purpose and Research Questions

The purpose of this pilot study was to conduct a preliminary investiga-
tion of the effects of an intervention consisting of explicit strategy instruction
within a CRA-I framework to teach ROC concepts to a college student with
LD. Building from prior research, we developed an intervention including vi-
sual representations and a problem-representation strategy to teach concepts and
procedural steps involved in solving ROC word problems. We employed single
case research design (SCRD) methods to conduct a thorough analysis of the
student’s overall mathematics scores and specific component scores relevant to
the intervention. Considering the extremely limited research in this area, the use
of a small-n design is a logical preliminary step to inform future, larger interven-
tion studies. The purpose of this pilot SCRD study is to determine initial sup-
port and proof of concept for the potential effectiveness of conducting targeted
mathematics interventions with college students who have LD. Our research
questions were:

1. Does implementing an explicit instructional strategy (PODY)

within a CRA-I framework result in improvements in solving rate
of change problems for a college student with LD?
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2. Isan explicit instructional strategy (PODY") within a CRA-I frame-
work socially acceptable to a college student with LD?

Method
Participant and Setting

This study was conducted at a public land-grant university within the
Intermountain West in the United States of America. The in-person sessions
for this study were conducted in empty conference rooms in the building that
houses the College of Education and Human Services, and the virtual sessions
were conducted over Zoom. After obtaining Institutional Review Board approv-
al, participants were recruited for this study by distributing an informational
flyer through an email list serve organized by the university Disability Resource
Center. One potential participant (Ada - pseudonym) contacted the researchers
as a result and was screened to determine her eligibility for the study. The screen-
ing procedures included Ada verifying her disability status and completing two
screening assessments. The first screening assessment consisted of the Applied
Problems and Calculation subtests of the Woodcock Johnston Tests of Achieve-
ment- Fourth Edition (W] IV ACH). The W] IV ACH (Schrank et al., 2014)
is a standardized test of achievement for individuals ages 2-90+. Overall, the test
evidences high reliability in secondary school populations (0.99). Mathematics
domains (.98-.99) and mathematics subscales (.88-.94) are also highly reliable
within this age group. The Applied Problems and Calculation subtests provide
standardized scores in Mathematics Problem Solving and Mathematics Calcula-
tion Skills. Participants were eligible for the study if they scored in the bottom
25" percentile on any of the domains. The second screening assessment was a
researcher-created Rate of Change (ROC) assessment (see description in mea-
sures). Participants were eligible for the study if they earned less than half of the
points available on the assessment.

Ada was determined to be eligible for the study, based on having scores
that were in the bottom 25 percentile; Ada scored in the bottom 10® percentile
on the Applied Problems subtest, and the bottom 8" percentile for the Calcu-
lation subtest. Ada also completed a ROC assessment and was eligible for the
study, based on earning less than 50% of the points available; Ada earned a total
of 12 points (40%) on the ROC screening assessment.

Ada was a white 21-year-old Sophomore female majoring in Special
Education. Ada reported that her income was in the range of 0-$9,525, and
that she received special education services in mathematics when in K-12 school
under the category of LD. The highest level of mathematics Ada reported com-
pleting in high school was Secondary Mathematics II. Ada indicated that on av-
erage, she earned C grades in her high school mathematics courses. At the time
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of this study, Ada had completed 4 semesters of college course work and was not
enrolled in a college mathematics course.
Study Design

We used an ABC (i.e., baseline, intervention, maintenance) single-case
research design (SCRD). This design was used as the intervention targeted aca-
demic skill acquisition, wherein a return to baseline (i.e., reversal design) is in-
appropriate. To produce evidence of an intervention effect, SCRD studies must
include replication of effects across at least three points in time (Horner et al.,
2015). Due to only having one participant and the ABC design, the current
SCRD does not meet What Works Clearinghouse standards (Kratochwill et al.,
2010; WWC, 2020). Although this limits the generalizability of the conclusions
we can draw, this design is adequate for a pilot study because our purpose is to
provide proof of concept.
Dependent variables

The primary dependent variable was overall points scored on the ROC
assessment. We also evaluated scores on specific components of the items on
the ROC assessment that consisted of the following: determining the correct
answer, writing an accurate equation, creating a table, creating a graph, and in-
cluding accurate numbers and labels on the graph axes. A secondary dependent
variable in this study was self-regulated learning and motivation, as measured
by task-specific interviews. The details and results pertaining to this dependent
variable are outside of the scope of this manuscript, and are reported in another
manuscript (Authors et al., under review).
Independent variable

The independent variable for this study was an intervention consisting
of 12 lessons (see Figure 1) that used an explicit instructional sequence (i.e.,
model, guide, practice, test) to teach students how to interpret and solve ROC
word problems. Two key components of the intervention were the use of a CRA-
I framework, as well as the PODY problem solving strategy.
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Lesson 1
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Lesson 2
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Lesson 10
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Lesson 12
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X, or m with or without y-
intercept)

Figure 1. Scope and Sequence of the Intervention Lessons

CRA-I. Through a CRA-I framework, Ada was taught concrete repre-
sentations of ROC using interlocking centimeter cubes, diagrams, and abstract
notations (equations, tables, graphs). To depict ROC concepts using centimeter
cubes, white cubes represented a foundation to build from (i.e., the x axis), and
colorful cubes were used to model the problem in a similar way to graphing an
equation. The representational level consisted of drawing lines to represent how
each y value corresponded to each x value (see Figure 2). This representation lent
itself well to bridging to the abstract notation used in tables and graphs. Ada was
taught how to use CRA-I to work through the problems, and during practice
problems and exit slips, was given the choice of which representation (C, R or
A) to work with.
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* Example problem: * Propose
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Figure 2. Key Components of the Intervention

PODY Problem Solving Strategy. In addition to CRA-I, a problem-
solving strategy was also used as a key part of the intervention. The PODV strat-
egy included the following components: Propose the problem, Outline steps
to solve the problem, Describe how you solved the problem, Defend how you
know your answer makes sense, and Check your work by re-reading the prob-
lem, checking the set-up of the problem, checking calculations, and checking
for common mistakes. A graphic organizer was used to introduce the strategy
to Ada, and was gradually faded. Memorization of the strategy was supported
through review questions at the start of each lesson, and gradually reducing
prompts for the strategy components throughout the lessons. Ada used the
PODY to solve at least two problems per lesson.

Materials and Measures
Rate of Change Assessments

The measure used to assess Ada’s progress on the main dependent vari-
able was a researcher-created Rate of Change (ROC) Assessment. The ROC
assessment included six ROC word problems for which Ada was prompted to
write an equation to represent the problem, solve the problem, create a table,
and sketch a graph. Six problem types were represented on the assessment (one
question per type), all based on the slope intercept equation (y=mx+b). The
problem types reflected different missing information in each word problem and
included: missing y variable, missing x variable, missing m variable, missing y
variable with a y-intercept, missing x variable with a y-intercept, and missing m
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variable with a y-intercept. Each item on the ROC assessment was worth 1 point
with partial credit (i.e., 0.5) possible. The first author and a team of research
assistants scored the assessments using a rubric, which specified what categories
of responses should receive 0 points, 0.5 points, or 1 point. For each word prob-
lem, Ada received up to 1 point for writing an accurate equation, up to 1 point
for finding the correct answer to the problem, up to 1 point for creating a table
with at least 3 correct pairs of values, up to 1 point for setting up a graph (correct
axes labels and numbering), and up to 1 point for accurately graphing at least 3
coordinate points. There were 36 total possible points on each assessment.

Researchers created a pool of 30 different ROC assessments for this
study. To help create assessments of equal difficulty, the researchers ensured that
there were three problems that used fractional rates and three that used whole
number rates on each assessment. Additionally, only common fractions were
used (denominators of 2, 3, 4, or 5), and all numbers within the problems (in-
cluding the answers) were one or 2-digit numbers. Researchers first created a
pool of 30 items for each of the six different problem types (for a total of 180
problems), and then reviewed the problems within each pool to control for dif-
ficulty. Second, researchers created each assessment by randomly selecting one of
each of the six problem types to assign to each of 30 assessments. The researchers
reviewed each of the 30 resulting unique assessments for consistency, reading
accessibility, and difficulty. Following this review, the researchers randomized
the completed assessments to determine their administration order for the study.
Social Validity Questionnaire

A modified version of the Children’s Intervention Rating Profile (CIRP)
was used to evaluate the social validity of the intervention (Arra & Bahr, 2005).
The version of the measure used in this study was electronic (via Qualtrics) and
included eight items, each rated on a 1-6 Likert scale, that evaluated the appro-
priateness and perceived effectiveness of the CRA-I and PODY strategies.
Materials

The materials for this study included paper ROC assessments, work-
sheets corresponding to each lesson, interventionist lesson scripts, centimeter
interlocking cubes, individual dry erase boards, a ruler, and a calculator. During
baseline and maintenance sessions, Ada had a paper ROC assessment, a calcu-
lator, and a ruler. During intervention sessions, Ada had a lesson worksheet,
individual dry erase board, a set of centimeter interlocking cubes, a calculator,
a ruler, and a paper ROC assessment (given at end of specific intervention ses-
sions).

The ROC assessments were each six pages long and included one word
problem on each page. For each problem, there was a two-by-two grid with one
of the different problem prompts (i.e., equation, answer, table, graph) included
in each of the four cells. A standard 12-inch (30.48 cm) ruler was provided for
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Ada to use as needed during assessment and lesson sessions. Ada also had access
to a Scientific calculator for use at any time in the lessons or on the assessments.

The worksheets corresponding to each lesson were typically five pages
long. The first page included review problems, the second through fourth pages
included new problems for teaching and practice, and the last page consisted of
an exit slip to assess understanding of new content. The material on each page
was arranged in two columns, with the problem and prompts for associated
tasks (blanks for equation, key information, table, graph, and blank space) in
the left-hand column and a PODY" graphic organizer in the right-hand col-
umn. The PODY’ graphic organizer included prompts aligned with the strategy,
which were gradually faded over the course of the lessons to single word prompts
and eventually blank lines for the student to fill in. The interventionist lesson
scripts consisted of a step-by-step script that interventionists used to conduct
each lesson, and included the answers to each problem. Interventionists used
the script as a guide, rather than reading from the script verbatim. Each step in
the lesson was numbered and interventionists attended to addressing each step
in each lesson.

In regards to the additional lesson materials, the interventionists and
student used the centimeter interlocking cubes to create concrete depictions of
the word problems. Individual dry erase boards were used as an instructional
tool for the interventionists to model examples of diagrams, as well as how to
solve equations, create tables, and sketch graphs. Each dry erase board included
a blank side, as well as a side with a coordinate grid. Ada was also provided with
an individual dry erase board of the same style that she could use to follow along
with interventionist modeling of concepts, and/or to work through problems, as
an alternative to writing on only the worksheet.

Measures of Treatment and Assessment Fidelity

To assess the fidelity of assessment administration in all phases of the
study, researchers created and used an assessment fidelity checklist. The assess-
ment fidelity checklist included places to record the date of assessment admin-
istration, total time of the assessment administration, person administering the
assessment, and participant ID code. The checklist then included columns to
mark whether each component of administration was completed, not complet-
ed, or not applicable. The components evaluated included whether the assessor
read the scripted directions for assessment administration, provided the student
with a calculator, asked the student if they would like any of the questions read
aloud to them, and provided appropriate clarifications in response to student
questions (if applicable). Clarifications were considered to be appropriate if they
did not give away the answer or how to find it (i.e., re-read the prompt, sim-
plifying vocabulary in the prompt, etc.), and inappropriate if they included any
explanation of how to solve the problem (i.e., explanation of what slope/rate of
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change is, providing an example of an equation, etc.). Researchers calculated
fidelity by dividing the total number of components completed by the total
number of applicable components, and then multiplying by 100%.

To assess the fidelity of lesson administration, researchers created and
used procedural checklists that were unique to each lesson. Each checklist in-
cluded prompts for the researcher to fill in the date, the time the lesson started
and ended, participant ID code, and the name of the person completing the
checklist. Each checklist included rows that corresponded with each numbered
step of the scripted lesson (aligned with the lesson scripts), and columns to indi-
cate if the step was completed, not completed, or not applicable. Each checklist
included an average of 32 steps (range 26-46 steps). Researchers calculated fidel-
ity by dividing the total number of steps completed by the total number of steps
possible, and then multiplying by 100%.

Procedures
Training

The assessments and intervention sessions were implemented by an as-
sistant professor of special education (first author) and a doctoral student in
school psychology. Both interventionists were present for the majority of all
intervention lessons (each missed one session due to conferences or schedule
conflicts), and took turns delivering instruction using scripted lesson plans. The
doctoral student conducted most of the assessment sessions across all phases.

Prior to the beginning of the study, the first author trained the doctoral
student in assessment administration and intervention lesson delivery. As part of
the training, the doctoral student administered a practice assessment and com-
pleted a fidelity checklist to self-assess, while the first author also completed a
fidelity checklist. The doctoral student administered the assessment with 100%
fidelity. The first author also modeled how to teach each intervention lesson,
with the doctoral student serving as a mock participant, across 10 training ses-
sions. The first author highlighted key components of the intervention (i.e.,
CRA-I and PODY'), and both the first author and doctoral student completed
fidelity checklists during these training sessions.

Rate of Change Assessment Administration and Scoring
Baseline

Ada started baseline after meeting the eligibility criteria. During base-
line, the interventionists met with Ada three times per week to administer the
ROC assessments (twice weekly). Once per week the doctoral student conduct-
ed brief task-specific interviews to evaluate Adas self-regulated learning and mo-
tivation (the details and results of which are outside of the scope of this manu-
script, and are reported in another manuscript). Ada completed a total of five
ROC assessments during baseline, which occurred over the course of two weeks.
No additional activities were completed during baseline.
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Intervention

The intervention phase started after five baseline data points were col-
lected, and baseline data were stable with a slightly decreasing trend. During
intervention, Ada met with interventionists to engage in lessons three times per
week. Ada completed 12 lessons, which were taught by the first author and doc-
toral student interventionist using highly-structured lessons. Each intervention
lesson followed the same format, which entailed a review of concepts taught in
prior lessons (pre-requisite skills were reviewed at the start of Lesson 1), model-
ing of new concepts with frequent opportunities to respond incorporated, prac-
tice of new concepts with scaffolded interventionist support, and Ada’s indepen-
dent completion of an exit slip problem aligned with the content introduced in
the lesson. Within each lesson, the interventionists taught and guided Ada in
how to use the centimeter interlocking cubes to create concrete depictions of
the word problems, and how to represent these concrete depictions through dia-
grams. The interventionists also taught Ada how to interpret word problems to
set up equations, and reviewed how to solve equations, create tables, and sketch
graphs. The interventionists guided Ada in how to use the PODY" problem solv-
ing strategy to work through the problems.

Following each lesson, Ada completed either a ROC assessment (twice
weekly) or a task-specific interview (once weekly). Ada completed ROC assess-
ments at the end of the intervention sessions in which she completed Lessons
1, 3,4, 7,8, 10, and 11, and task-based interviews at the end of intervention
sessions in which she completed Lessons 2, 5, 9, and 12. Intervention sessions
lasted an average of 64 minutes per session (range 51-86 minutes) for a total of 8
weeks. There was a pause in intervention procedures in week 4 for the university
spring break.

Additionally, the university IRB paused all in-person research proce-
dures after week 5 of the intervention due to the COVID-19 pandemic, which
resulted in a two-week pause to transition to a virtual format. The last week of
intervention as well as all of the maintenance phase sessions were delivered over
Zoom. Ada was provided with paper copies of all materials, a calculator, a ruler,
an individual dry erase board, and her own set of manipulatives to use at home.
Intervention procedures remained the same and continued at a frequency of
three times per week via Zoom. Ada completed each ROC assessment at the end
of each Zoom session, with the interventionists present. Immediately after the
Zoom session, Ada took pictures of each page of the assessment she completed
and emailed them to the first author.

Maintenance

Maintenance began after Ada completed all 12 intervention lessons.
Ada met with the interventionists 1-2 times per week for a total of 5 sessions.
During maintenance, no instruction was provided and Ada completed 1-2 ROC
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assessments as well as 1-2 task-specific interviews per week. In maintenance ses-
sions 2, 4, and 5, Ada completed a ROC assessment and a task-specific inter-
view; In maintenance sessions 1 and 3, Ada completed only ROC Assessments.
Maintenance lasted 4 weeks, and Ada completed a total of 5 ROC assessments.
After Ada completed the last maintenance session, the interventionist emailed
her a link to the electronic social validity questionnaire and prompted her to
complete it independently within one week. Ada completed the social validity
questionnaire on her own, without an interventionist present.

Fidelity and Inter-Observer-Agreement (I0A)

During all phases, researchers conducted fidelity checks on ROC as-
sessment administration and intervention implementation. Both intervention-
ists independently completed intervention fidelity checklists that were specific
to each lesson. Based on checklists completed by the first author across all 12
sessions, the overall fidelity of intervention implementation was 99.7% (range
96.9-100%). To assess IOA, the ratings on the fidelity checklists completed
by each interventionist were compared to determine agreement on a total of
9 of the 12 sessions. Checklists were compared for point by point agreement,
which involved identifying whether marks from each interventionist matched
on each item on each fidelity checklist. Average agreement was 99.6% (range
96.9-100%).

Fidelity and IOA were also assessed for ROC assessment administra-
tion. The doctoral student interventionist administered the majority of the as-
sessments, and self-rated fidelity using an assessment fidelity checklist (100%
fidelity). To conduct IOA checks, the first author reviewed and completed a
checklist for 7 of the 18 video recorded assessment sessions (100% agreement).
Assessment Scoring and Inter-Rater-Reliability (IRR)

During all phases, a team of research assistants scored Ada’s completed
ROC assessments. The first author scored all of the assessments. Since the first
author was also an interventionist, IRR was calculated for 88.89% of the as-
sessments. The first author developed and refined a scoring rubric with the as-
sistance of a third-year special education doctoral student. The first author then
trained a fourth-year school psychology masters’ student and three undergradu-
ate research assistants in the scoring procedures. Each person first scored three
sample assessments (not completed by Ada). The scoring team then met to dis-
cuss any disagreements. The first author clarified rubric misunderstandings, and
any remaining disagreements were discussed until the scoring team came to a
consensus. The team then repeated this process by scoring three of Ada’s assess-
ments. Initial agreement on these assessments was 91%, and 100% after discus-
sion. The remaining assessments throughout the study were distributed across
scorers, with one scorer completing IRR for each assessment. Average agreement
was 90% (range 67-100%) and was only below 80% on the first assessment.
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Data Analysis

We visually analyzed the data for level, trend, immediacy, and variabil-
ity of overall scores and component scores on the ROC assessments. We also
calculated two effect sizes appropriate for SCRD (Rakap et al., 2020; Yiicesoy-
Ozkan et al., 2020): Percentage of Nonoverlapping Data (PND; Scruggs et al.,
1987) and Percentage of Data Exceeding a Median Trend (PEM-T; Wolery et
al., 2010). We selected these effect sizes based on recommendations of Yiicesoy-
Ozkan and colleagues (2020), and because there was a positive baseline trend
for two component scores we analyzed. The intervention effectiveness for Ada
was interpreted based on PND guidelines: highly effective (at or above 90%),
moderately effective (70-89%), questionably effective (50-69%), and ineffective
(below 50%; Scruggs et al., 1987). No benchmarks have been published for
interpretation of PEM-T (Yiicesoy-Ozkan et al., 2020).

REsuLTs

Mathematics Outcomes
Opverall Mathematics Scores

During baseline, Ada had a mean score of 54.32% correct (range 53-
58.3%), with a slightly decreasing trend and low variability (see Figure 3). Ada
started intervention in the sixth session, and completed a total of 8 ROC as-
sessments during that phase. During intervention, Ada had a mean score of
77.07% correct (range 48-66.67%) with a noticeable increase at the second and
third data points and continued to have an overall slightly positive trend for the
remainder of intervention. There was low variability during intervention, and
the level of performance was higher than that during baseline. The PND and
PEM-T effect sizes for overall scores were each 87.5% (moderate).
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Figure 3. Graph of Ada’s Overall Rate of Change Assessment Scores

During maintenance, Ada completed five assessments (1-2 per week),
starting approximately 2 weeks following the last intervention session. Ada’s
scores continued to remain relatively stable, with slight increases in scores oc-
curring during the second and fifth maintenance sessions, and slight decreases
in scores occurring during the third and fourth maintenance sessions. Dur-
ing maintenance, Ada had an overall mean of 80.99% correct (range 74.16-
86.87%). The PND and PEM-T effect sizes during maintenance compared to
baseline were each 100.00% (very effective).

Answer Scores

For the component score of computing the correct answer to the word
problems, Ada had a mean score of 57% correct during baseline. Her scores were
somewhat variable, ranging from 50-66.67%, with a slightly decreasing trend
(see Figure 4). Ada calculated the correct answer to the word problems during
intervention on average 84.37% of the time (range: 58.3-100%). There was
an increasing trend during intervention, with a large increase in scores on the
third intervention data point, at which point Ada found the correct answer on
100% of the word problems. The increase in level was maintained throughout
intervention, with moderate variability (range 58.3-100%). Lower scores oc-
curred on the fifth and seventh intervention data points. The PND effect size
was 62.5% (questionably effective), but the PEM-T effect size for this compo-
nent was 100%.
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Figure 4. Graph of Ada’s Rate of Change Assessment Answer Component
Scores

On average, Ada calculated the correct answer to the word problems
93.32% of the time during maintenance. There was slight variability during
this phase (range 83.3-100%), but less so compared to intervention. The level
of performance on this component score was at a higher level compared to both
intervention and baseline. The PND and PEM-T effect sizes during the mainte-
nance phase compared to baseline were each 100.00% (very effective).
Equation Scores

During baseline, Ada wrote an accurate equation to represent each word
problem on average 29.99% of the time. Equation scores overall were low dur-
ing baseline, with moderate variability (range 16.67-41.66%), and an increasing
trend (see Figure 5). During intervention, Ada wrote an accurate equation to
represent the word problem on average 81% of the time (range 9-100%). After
an initial drop in scores on the first intervention data point, Ada had a substan-
tial increase in scores compared to baseline starting with the second interven-
tion data point, and her scores continued to increase throughout intervention.
Ada earned 100% of points on intervention data point five, and maintained
100% scores for the duration of the intervention. There was very low variability
between the second through last intervention data points, but wider variability
when the first intervention data point is considered. There was an increasing
trend during the intervention phase. The PND effect size for writing an accurate
equation was 87.5% (moderately effective) and PEM-T was 50%.
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Figure 5. Graph of Ada’s Rate of Change Assessment Equation Component
Scores

Ada wrote an accurate equation aligned with the word problems on
average 98.33% of the time during maintenance (range 91.6-100%). The level
was high overall, with all but one data point at 100%. There was also low vari-
ability, and the variability was lowest in this phase compared to the intervention
and baseline phases. The PND for writing an accurate equation during mainte-
nance compared to baseline was 100.00% (very effective), and PEM-T was 0%.
Table Scores

Ada created an accurate table that aligned with the word problem on
average 47% of the time during baseline, with moderate variability (range 33.3-
66.67%), and a slightly increasing trend (see Figure 6). Ada created an accurate
table that aligned with the word problem on average 53.1% of the time (range
33.3-66.67%). There was similar variability compared to baseline, a slightly in-
creasing trend, and a slight increase in level compared to baseline. There was not
clear evidence of an immediate increase in scores. The PND was 0.00% (not
effective), and PEM-T was 25%.
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Figure 6. Graph of Ada’s Rate of Change Assessment Table Component Scores

Ada created a table that aligned with the word problems on average
29.97% of the time during maintenance. Scores were more stable during main-
tenance than during baseline or intervention (range 16.66-33.3%), but the level
also dropped to below the level of scores in either intervention or baseline. There
was an immediate decrease in scores corresponding with the start of the mainte-
nance phase. The PND and PEM-T effect sizes during maintenance compared
to baseline were both 00.00% (not effective).

Graph Scores

During baseline, Ada created accurate graphs on average 91.66% of
the time, indicating a high level of performance. There was moderate variability
(range 75-100%), and a slightly decreasing trend (see Figure 7). Ada created
accurate graphs on average 98% of the time during intervention (range 91.66-
100%). The level was high; only two points fell below 100%. There was lower
variability compared to baseline, and an immediate increase in scores compared
to the last data point of baseline. The trend overall was flat throughout interven-
tion. The PND was 0.00% (not effective), and PEM-T was 100%.
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Figure 7. Graph of Ada’s Rate of Change Assessment Graph Component
Scores

During maintenance, Ada created an accurate graph on average 98%
of the time (range 91.66-100%). Level remained high with low variability; only
one data point fell below 100%. There was not an increase or decrease in level
compared to intervention, although the overall level in maintenance was higher
than the overall level during baseline. The PND during maintenance compared
to baseline was 0.00% (not effective), while PEM-T was 100%.

Axes Numbering and Labeling Scores

For the component of including accurate axes labels and numbers, Ada
had a mean score of 46.65% correct during baseline, with moderate variabil-
ity (range 29.16-66.67%), and a decreasing trend (see Figure 8). During in-
tervention, Ada had a mean score of 68.75%. There was an increase in scores
starting at the third intervention point, which continued through the fourth
intervention data point. There was wide variability during intervention (range
41.66-95.83%), and evidence of a slightly decreasing trend, although the overall
level of scores remained higher in intervention than the level of scores during

baseline. The PND was 75.00% (moderately effective), and PEM-T was 100%.
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Figure 8. Graph of Ada’s Rate of Change Assessment Axes Numbering and
Labeling Component Scores

For the component score of axes labels and numbers, Ada had a mean
score of 84.99% during maintenance. There was an immediate increase in scores
that corresponded with the start of the maintenance phase, less variability com-
pared to baseline or intervention phases (range 70.83-100%), as well as a higher
level of performance. The PND and PEM-T effect sizes during maintenance
compared to baseline were each 100.00% (very effective).

Social Validity Results

Ada completed the modified CIRP during the maintenance phase of
the study in the format of an online survey (Table 1). Overall, Ada provided an-
swers of “strongly agree” to questions 3 (easy to use), 4 (satisfied), and 6 (future
use for unrelated word problems), and answers of “agree” to questions 1 (useful),
2 (practical), and 7 (helpful for other math classes). On questions 5 (future use
for rate word problems) and 8 (recommend for other students), Ada answered
“somewhat disagree”.
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Table 1. Modified CIRP Social Validity Questionnaire, With Ada’s Responses

Question Rating*

1) The cubes, diagrams, and PODY strategies are useful for solving 5
rate of change word problems.

2) The cubes, diagrams, and PODVY strategies are practical for solv- 5
ing rate of change word problems.

3) The cubes, diagrams, and PODY strategies are easy for me to use 6
for solving rate of change word problems.

4) 1 am satisfied with using the cubes, diagrams, and PODVY strate- 6
gies to solve rate of change word problems.

5) I will use the cubes, diagrams, and PODY” strategies to solve rate 3
of change word problems in the future.

6) I will use the cubes, diagrams, and PODY” strategies to solve
other word problems in the future (for word problems that relate to 6
concepts other than rate of change).

7) Using the cubes, diagrams, and PODV” strategies will help me do 5
better in mathematics classes.

8) I would recommend that other students learn how to use the cubes,
diagrams, and PODY strategies to help them solve word problems.

Note. *Ratings were on a six-point Likert scale: 1=strongly disagree; 2=disagree;
3=somewhat disagree; 4=somewhat agree; S=agree; 6=strongly agree.

Discussion

Summary of Key Findings

The results of this study indicate that Ada improved in her ability to
solve rate of change word problems following participation in an intervention
involving CRA-I and the PODVY strategy. There were slightly variable results
across the six different outcomes we analyzed.
Strongest Improvements

Visual analysis, PND, and PEM-T all provide consistent evidence of
the intervention being highly effective for improving Ada’s overall ROC scores.
Notably, the effect sizes appear to be moderately effective when baseline and
intervention phases are compared, but highly effective when baseline and main-
tenance are compared. These promising results are consistent with prior research
with secondary students (Bundock et al., 2019), because they indicate that Ada
continued to make improvements up to four weeks following the end of inter-
vention. We found similar results for the component of calculating the correct
answer, although these scores were more variable during intervention than over-
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all scores. Additionally, the PND and PEM-T effect sizes vary from one another
for this component, with PEM-T being higher than PND, likely due to PEM-T
controlling for the decreasing baseline trend.

Visual analysis, PND, and PEM-T offer slightly different interpreta-
tions of the results for the component score of writing an accurate equation. Vi-
sual analysis appears to show an effect based on the increase in level and decrease
in variability in intervention and maintenance phases compared to baseline, as
well as the relatively immediate improvement between baseline and intervention
phases. When baseline trend is accounted for, these results should be interpreted
more cautiously, as evidenced by the PEM-T effect size of 50%. However, rate
of improvement was higher in intervention than baseline, and the effects were
maintained well during the maintenance phase, with Ada scoring 100% four out
of the five data points during maintenance.

For the component of using accurate numbers and labels on the graph
axes, visual analysis, PND, and PEM-T all provide consistent evidence of the
intervention being at least moderately effective in improving Ada’s performance.
For this component, Ada had the sharpest decreasing trend during baseline.
There was evidence of an immediate effect during intervention, although there
was some variability during the intervention phase. While there is still a high-
er degree of variability during maintenance compared with other component
scores, both PND and PEM-T indicate that the intervention is highly effective
when that phase is compared to baseline.

Components With Evidence of Small to No Effects

The graph and table components did not show clear evidence of inter-
vention effectiveness. Each of these components were related, because we scored
graphs based on how accurately Ada graphed the points that she included on
the table, rather than how accurately her graph represented the word problem.
Ada had the highest level of baseline performance on the graph component
compared across outcomes, which may reflect a ceiling effect related to how
we scored this component. PND and PEM-T effect sizes provide conflicting
evidence of intervention effectiveness for this component. In this case, PEM-T
accounts for the slightly decreasing trend during baseline, while PND does not.
We consider the intervention to be questionably effective for the graph compo-
nent, primarily because Ada’s scores in intervention and maintenance decreased
in variability and increased in overall level when baseline is compared to inter-
vention and maintenance. Additionally, Ada scored 100% for this component
four out of the five data points during the maintenance phase.

For the component of table, visual analysis, PND, and PEM-T all pro-
vide consistent evidence of the intervention being unlikely to have made an
effect. This is interesting, because Ada’s scores in answer and equation did show
evidence of intervention effectiveness. Ada often had lower scores for the table
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component on the assessment because she regularly constructed the table with
the correct rate of change, but the incorrect y-intercept. The table results indi-
cate that, while Ada did improve in calculating the correct answer to the word
problems, she might not have made improvements conceptually regarding un-
derstanding the y-intercept. These results are consistent with prior research indi-
cating that students struggle with understanding the concept of the y-intercept
(Hattikudor et al., 2012). Future research should examine college students’ un-
derstanding of the y-intercept, and strategies to improve their creation of tables
and graphs for rate of change word problems.

Implications for Research and Practice

While the results of this study cannot be generalized due to the inclu-
sion of only one participant, there are several contributions this study makes to
the research base on mathematics interventions for college students with LD.
First, Ada made similar improvements in solving rate of change word problems
compared to those made by high-school students with high-incidence disabili-
ties in prior research who participated in a similar intervention (Bundock et al.,
2019). This finding supports Hodara’s (2013) recommendation that research
be conducted with college students with LD to evaluate the use of instructional
strategies and interventions that are effective for teaching mathematics to sec-
ondary students with LD. Future research should be conducted with college
students with LD to determine if this intervention, and other research-based
interventions, lead to improvements in students’” performance in specific math-
ematics topics and college level mathematics courses.

Second, prior mathematics intervention research conducted with col-
lege students with LD did not incorporate a specific measure of how students
felt about the intervention. Ada found the intervention to be socially accept-
able overall. She provided high ratings regarding her satisfaction with the inter-
vention, ease of use of the strategies, and her likelihood to use these strategies
for other types of word problems. Ada indicated that she somewhat disagreed
that she would use the strategies for future rate of change word problems, and
whether she would recommend this intervention for other students. Due to the
measure not including open-ended questions to prompt Ada to provide more
information, we cannot know why Ada included the ratings she did. Addition-
ally, there is a chance that Ada’s responses to the social validity questionnaire
were biased, due to Ada being the only participant. Ada may have been hesitant
to provide honest feedback, since the feedback could be attributed to her. Future
research should delve further into the views of college students with LD in the
context of their participation in mathematics interventions, to identify factors to
consider when developing and implementing interventions.

Third, prior mathematics intervention studies conducted with college
students with LD were all conducted within the context of intact mathemat-

24



Insights into Learning Disabilities 18(1), 1-28, 2021

ics or study skills classes (Sullivan, 2005; Zawaiza & Gerber, 1993), or within
summer transition programs (i.e., programs students participate in during the
summer before their Freshman year; Kitz & Thorpe, 1995). The current study
is unique in that it involved one-on-one intervention sessions tied to a specific
mathematics concept. Research is needed to identify strengths and weaknesses of
different intervention delivery models within a college context.

Limitations

There are several limitations that should be considered when interpret-
ing the results of this study. First, we only had one student contact us in response
to our recruitment efforts. This limits the generalizability of the results, and also
indicates that recruitment may be a potential challenge for conducting interven-
tion research with college students with LD. We recruited participants for this
study through the university’s Disability Resource Center. However, research
indicates that only approximately 17% of students with LD receive supports or
accommodations through their post-secondary school (Newman et al., 2011).
This may be due to the differences in how students access supports in post-
secondary contexts compared to K-12 contexts; in post-secondary contexts stu-
dents have to proactively pursue formal access to any accommodations, which
can often present a challenge (Williams et al., 2020). Future research should in-
clude broader and more innovative recruitment efforts to reach college students
with LD who might not yet be accessing supports through their post-secondary
institution. Additionally, one strategy future researchers should consider us-
ing when faced with low participant numbers is the use of a multiple-baseline
design across sets, which would entail examining students’ response to the same
intervention (e.g., CRA-I and PODY’ problem solving strategy) across different
mathematics concepts.

Two additional limitations should be considered when interpreting the
results. First, this study occurred as the COVID-19 pandemic initially hit the
U.S,, resulting in an abrupt pause in the study and then a transition to virtual
sessions. The COVID-19 disruption and switch to virtual sessions may have
impacted Ada’s performance, in particular because it encompassed a change in
intervention procedures and because the maintenance phase could not be a re-
turn to the exact conditions of baseline. However, the study procedures were
consistent enough across the in-person and virtual sessions that it is unlikely
the virtual delivery significantly impacted Ada’s performance. Second, the in-
tervention amounted to a total of 12.7 hours across 12 lesson sessions; this may
be too much time to reasonably expect of college students, in particular if they
are managing challenging coursework as well as employment. Future research
should focus on designing interventions that are time and resource efficient to
maximize broader implementation and impact.
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CONCLUSION

The purpose of this pilot study was to conduct a preliminary investi-
gation of the effects of an intervention consisting of explicit strategy instruc-
tion within a CRA-I framework to teach ROC concepts to Ada, a college stu-
dent with LD. Results indicate that Ada made improvements in solving rate
of change word problems following her participation in an intervention that
incorporated an explicit instructional strategy (PODVY") within a CRA-I frame-
work, and Ada found the intervention overall to be socially acceptable. Given
the lack of mathematics intervention research conducted with college students
with LD, the results of this study provide proof of concept and promising pre-
liminary evidence to support implementing targeted mathematics interventions
with this population. Given that college students with LD currently complete
post-secondary school at a lower rate than their peers without disabilities (Wil-
liams et al., 2020), researchers and practitioners should direct more efforts to
exploring the effectiveness of a variety of different interventions, with the goal
of improving the post-secondary outcomes of students with LD.
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