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ABSTRACT

UNLOCKING THE EIGHT STANDARDS FOR MATHEMATICAL PRACTICE FOR
STUDENTS WITH MATHEMATICAL LEARNING DISABILITIES AND
COGNITIVE DEFICITS IN EXECUTIVE FUNCTIONING

Heather Kathleen Lechner

The Common Core Standards for Math (CCSM) require a fundamental shift in
what is expected of students with and without disabilities. Computation and finding
correct answers are no longer sufficient. Students need to articulate the basis of their
understanding and extend it. Teachers of students with a mathematical learning disability
(MLD) are challenged in meeting the immediate academic needs of their students as well
as the expectations outlined by the new standards.
Students identified as having MLD with a deficit in executive functioning (EF)
are expected to utilize the Standards for Mathematical Practice (SMP) to access the
CCSM as their general education peers do. Yet, when the three main brain functions of
EF (working memory, mental flexibility, and self-control) are considered, deficits in
these areas hinder access to the SMP. A compromise in any one of these functions may
inhibit the students’ ability to master the standards.

This study examined which of the 11 identified EF skills are perceived
deficiencies of students with MLD and deficits in EF, as well as what tools and resources
are needed to support and develop EF skills in relation to the SMP. The focus was on the
SMP and their use by K-5 teachers who serve students with MLD, coupled with cognitive
deficits in EF.
A manual was created specifically for this study, which found that the perceived
deficit areas did not always align with the actual need areas by users of the manual.
Respondents consistently identified resources aligned with EF skills associated with
behavioral skills as most necessary, though survey results identified cognitive skills as
most required to access the SMP. From a practical teaching perspective, these results are
not surprising, as research has shown that a strong classroom culture (which directly
correlates to internalization and use of behavioral executive functioning skills) is
necessary for learning to take place, regardless of content. Participants indicated that the
manual’s skills and strategies were beneficial for both the target population and general
education students. Recommendations to expand the target audience of the manual and
develop a training companion were crucial next steps.
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Chapter I
INTRODUCTION

In the era of Common Core State Standards (CCSS) and the shadow of No Child
Left Behind (NCLB), administrators and teachers find there is a stronger emphasis on the
achievement of students with disabilities than ever before (Judge & Watson, 2011).
Subsequently, teachers of students with a mathematical learning disability (MLD) are
confronted with the challenge of meeting the immediate academic needs of their students,
as well as the expectations outlined by the new standards. The new CCSS clearly indicate
that all students must have the opportunity to learn and meet the same high standards if
they are to access the knowledge and skills necessary in their post-school lives (National
Governors Association Center for Best Practices, 2010). Subsequently, teachers are
looking to building and district leaders to provide guidance on how to create
opportunities for students with special needs to learn and meet these high standards. The
CCSS provide a provision for accommodations, but do not dictate what those look like.
When one considers the historical underperformance by students with a learning
disability in math, the mandate is daunting. To place the magnitude of this task in
perspective, a review of the only nationally administered measure of student academic
achievement in reading and math is in order. The measure is called the National
Assessment of Educational Progress (NAEP). The NAEP was first administered in 1969
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and is given approximately every 2 years to a nationally representative sample of fourth
and eighth graders (Cortiella & Horowitz, 2014). When comparing the 2015 NAEP math
proficiency levels of fourth-grade students with disabilities to those without disabilities,
the results showed a wide achievement gap. In looking at the 2015 data for math from
either the perspective of the number of fourth-grade students with disabilities who scored
proficient or above or below basic, the percentage has remained virtually unchanged. In
2005, 16% of fourth-grade students with disabilities scored proficient or above; in 2015,
the percentage was the same. During the last three assessment cycles from 2011 to 2015,
the percentage of fourth graders not identified as having a disability who scored below
basic also remained constant at 45%. This was an increase compared to the percentage
below standard from 2005 (NAEP, 2015 Mathematics & Reading—Mathematics—
National Achievement Level Results, 2017). Though the national proficiency averages in
math for students without disabilities showed math as a relative strength, it is clear work
still needs to be done to improve proficiency levels for both groups of students.
A closer review of the Common Core Standards for Math (CCSM) indicates a
fundamental shift in what is being expected of students with and without disabilities.
Computation and finding the correct answers are no longer sufficient. Students need to
articulate the basis of their understanding and then extend it. They need to show their
work.
One hallmark of mathematical understanding is the ability to justify, in a way
appropriate to the student’s mathematical maturity, why a particular mathematical
statement is true or where a mathematical rule comes from. There is a world of
difference between a student who can summon a mnemonic device to expand a
product such as (a + b) (x + y) and a student who can explain where the
mnemonic comes from. (Common Core State Standards—National Council of
Teachers of Mathematics, 2017, n.p.)
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As evident in the selection above, relative to his or her maturity, a student is expected to
interact with concepts, each other, and the surrounding world in an independent and
exploratory or reflective manner.
This expectation is exciting because it fosters an educational environment in
which students have the opportunity to explore the learning processes. However, for
many students with a mathematical learning disability, the nature and structure of the
Standards for Mathematical Practice (SMP) present a barrier. Each SMP requires at least
one of the three major brain type functions associated with executive functioning. If a
student has a deficit in any of these areas, it will make it difficult for him or her to
actualize the SMP and subsequently not meet it. Considering the required reliance on
executive functioning to access the SMP, administrators need to shift their focus to
include a prioritization of the skills associated with executive functioning. To date, this
has not been an area of development or focus for school and district leaders. For them to
have a comprehensive vision and plan for increasing academic achievement in math,
administrators need to have access to resources that increase their understanding of the
prerequisite executive functioning skills required by the SMP.
A review of the research indicated that 4-7% of the school-age population
experience some form of MLD (Fuchs, 2005; Fuchs et al., 2005). These students have
historically been provided a less rigorous curriculum with individualized education
program (IEP) goals that focus on computation (Shriner, Kim, Thurlow, & Ysseldyke,
1993). The new standards specifically focus on conceptual understanding rather than
procedural knowledge and rule-driven computations (Maccini & Gagnon, 2002). These
higher-level skills are often not intentionally fostered in math classrooms that teach
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students with MLD because a good deal of special education literature in mathematics
calls for instruction to be explicit and systematic (Gersten et al., 2009). The CCSM are
composed of two parts: the Standards for Mathematical Practice (SMP) and the Standards
for Mathematical Content (SMC) (National Governors Association Center for Best
Practices, 2010). This study focused only on the SMP and their use by K-5 special
education teachers in classrooms that serve students with a learning disability in math
coupled with cognitive deficits in executive functioning.
Statement of the Problem
Students identified as having an MLD with a deficit in executive functioning (EF)
are expected to utilize the SMP in order to access the SMC as their general education
peers do. Yet, when the three main brain functions of EF (working memory, mental
flexibility, and self-control) are considered, deficits in these areas are found to be in
direct conflict with the SMP. Each of the eight SMP requires students to use at least one
of the three brain functions to meet the standards. More often than not, the standards
require at least two brain functions. For example, for students to be able to utilize the first
standard of mathematical practice (Make sense of problems and persevere in solving
them), students need to be able to incorporate working memory, flexible thinking, and
self-control. If any one of these brain functions is compromised, the students’ ability to
master the standard effectively may be inhibited. Students with MLD have not been
taught to think and process in this way. Furthermore, for the past 30 years, research has
indicated that explicit instruction was the most effective mode of instruction for students
with learning disabilities (LD).
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Students with LD characteristically are poor strategic learners and problem
solvers, and manifest strategy deficits and differences that impede performance,
particularly on tasks that require higher-level processing. These students need explicit
instruction (Montague, 2008); students with MLD are a subgroup within the LD category
and have been subject to the same practices based on the research. Explicit instruction is
characterized by an approach that combines specific design components and systematic
instruction (Hudson, Miller, & Butler, 2006). This method of instruction is in opposition
to the SMP, which rest on important processes and proficiencies with longstanding
importance in mathematics education (National Governors Association Center for Best
Practices, 2010). The SMP highlight the important ways in which teachers should teach
math (Powell, Fuchs, & Fuchs, 2013). If teachers of students with MLD continue to rely
solely on explicit instruction to teach math, then their students will not have access to the
CCSM and will be denied the rights provided them through the Individuals with
Disabilities Education Act (IDEA).
The IDEA specifies that students with disabilities should have access to and
progress through the general education curriculum (Hudson et al., 2006). It is an
imperative that research determine the best course of action to bridge the current
understanding of how K-5 MLD teachers of students identified as having cognitive
deficit in executive functions can provide instruction in executive functioning as a path
for students to access and learn in relation to the requirements of the new standards, as
they have been outlined for all. In the last few years, researchers have just begun to
explore the CCSM as they relate to students with MLD, but the research has focused on
the content standards, not the SMP.
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Purpose of the Study
The purpose of the study was to research, develop, test, and validate the manual
Unlocking the Eight Standards for Mathematical Practice for Students With
Mathematical Learning Disabilities and Cognitive Deficits in Executive Functioning. The
manual is designed to provide resources to district administrators, special education
directors and facilitators, math directors and facilitators, and school principals to use for
professional development and support of elementary teachers’ math instruction. This
resource was developed to target the needs of students in an elementary setting who have
been identified as having MLD with a cognitive deficit in the area of executive
functioning. It was designed to facilitate increased use of the SMP by identified students
through the development of their executive functioning skills. Utilization of these skills
and strategies should increase students’ ability to engage with the SMP and thereby
increase their conceptual understanding of mathematics, resulting in increased
mathematical achievement. The manual, located in Appendix A of this study, is
comprised of the following four sections:
•

The Standards for Mathematical Practice

•

Introduction and Executive Functioning; ;

•

Increasing Executive Functioning During Instruction: Routines and Strategies
for Executive Skill Development in an Elementary Special Education Math
Class; and

•

Case Studies and Conclusions.
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The mixed research and development methodology developed by Schreiber and
Asner-Self (2011) and Herr and Anderson (2015) was adapted and used for this study. A
comprehensive manual for this purpose does not currently exist.
Research Questions
This study has a mixed research and development methodology designed to create
and evaluate a manual, Unlocking the Eight Standards for Mathematical Practice for
Students With Mathematical Learning Disabilities and Cognitive Deficits in Executive
Functioning. The manual provides teachers with concrete strategies to develop the use of
executive functioning skills and strategies to increase students’ ability to access the
Standards for Mathematical Practice in Public Schools by K-5 students with MLD
identified as having a cognitive deficit in executive functioning. Specifically, the
following questions guided the research:
1. Of the 11 identified executive functioning skills, which are the perceived
deficiencies of students with mathematical learning disabilities and deficits in
executive functioning?
2. What tools and resources are needed to support and develop executive
functioning skills in relation to the Standards for Mathematical Practices for
K-5 special education teachers to improve K-5 MLD students who have been
identified as having a cognitive deficit in executive functioning performance?
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Operational Definitions of Terms
Belief: A child’s feelings about something (in this case, ability/learning
disability), and how those feelings are influenced by teachers’ and parents’ belief about
his or her ability/learning disability (Ginsburg, 1997).
Cognitive Strategy Instruction (CSI): A method of teaching learners multiple
cognitive and metacognitive processes and strategies to facilitate and enhance
performance in academic domains (Montague, 1997); aligns with the SMP.
Direct Instruction (DI): A systematic approach to teaching a new skill or concept
in which the teacher continually checks for student understanding and engages all
students in the lesson (Maccini, Strickland, Gagnon, & Malmgren, 2008).
Executive Functioning (EF): An umbrella term for the complex cognitive
processes that serve ongoing, goal-driven behaviors. Most of the accepted definitions
include many, but not all, of the following elements:
● goal setting and planning,
● organization of behaviors over time,
● flexibility,
● attention and memory systems that guide these processes (e.g., working
memory), and
● self-regulatory process such as self-monitoring (Meltzer, 2011, p. 2).
Executive Functioning (EF) Skills: These skills help people to decide what
activities or tasks they will pay attention to and which ones they will choose to do (Hart
& Jacobs, 1993).

9

Explicit Instruction (EI) A: A method of teaching that provides a very structured
and organized lesson, with appropriate cues and prompts, including guided and
distributed practice, positive reinforcement, overlearning, and mastery.
Explicit Instruction (EI) B: A method of teaching that is teacher-delivered and
structured. The teacher’s role involves designing the lesson and arranging instructional
variables to promote optimal learning (Hudson et al., 2006).
Mathematical Learning Disabilities (MLD) (also known as developmental
dyscalculia): A specific learning disability (SLD) which is characterized by an impaired
ability to learn about and process numerical and mathematical information that is not
attributed to general intellectual disabilities (American Psychiatric Association, 2013).
Specific Learning Disability (Disorder) (SLD): A type of Neurodevelopmental
Disorder 3 that impedes the ability to learn or use specific academic skills (e.g., reading,
writing, or arithmetic), which are the foundation for other academic learning (American
Psychiatric Association, 2013). SLD is represented as a category composed of disabilities
in seven academic domains (Fletcher et al., 2001).
Assumptions, Delimitations, and Limitations of the Study
Due to the complex nature of MLD and the difficulty of ferreting out various
factors that contribute to this diagnosis, the misdiagnosis of students with deficits in
executive functioning is not uncommon. Executive functioning is not an area that is
specifically assessed as part of the evaluation process in the Everett School District (the
site of this research). Therefore, the researcher relied on the need for additional support in
EF by the classroom teachers.
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This study focused on the skills and strategies that teachers could use to teach
students with perceived deficits in EF skills in the Everett Public Schools. Any findings
cannot be generalized outside of this population.
The researcher is a former special education teacher who believes that EF skills
can be explicitly taught and translated into the field of math, despite being historically
used to target reading and writing. The researcher contends that the expanded
expectations of the CCSS have created an urgency among special education teachers to
find innovative ways to meet their students’ varied needs to create access. This urgency
translates into a desire to build teachers’ and students’ skill level and a readiness to adopt
new strategies.
Both questionnaires utilized in this study—the Executive Function Development
Needs Assessment Survey (EFDNA, 2017) and Unlocking the Eight Standards for
Mathematical Practice Evaluation Survey (2017)—were either developed or adapted by
the researcher and require participants or potential participants to rate their own
knowledge base and/or expertise in working in MLD classrooms with students identified
as having deficits in EF. As no specific program has been targeted to support EF skills,
there is no standard of expertise in this district. The researcher is relying on the
participants’ perceptions to self-identify their level of expertise without a common
definition.
Adoption or implementation of the manual is not a requirement for the study. As a
result, the researcher will not be able to determine the effectiveness of the manual on the
outcomes of student performance using the SMP.
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Organization of the Study
This dissertation followed an abbreviated structure of the research and design
model of Schreiber and Asner-Self (2011). It was organized into five chapters.
Chapter I—The Introduction: This chapter presented the statement of the
problem; the purpose of the study; the research questions; the operational definition of
terms; the assumptions, delimitations and limitations; and the organization of the study. It
concluded with the conceptual framework for the study.
Chapter II—Literature Review: This chapter presents an overview of specific
learning disabilities with a focus on mathematical learning disabilities, the IDEA,
characteristics of students with mathematical learning disabilities, characteristics of
students with deficits in executive functioning, the eight Standards for Mathematical
Practice, the conceptual framework, and instructional strategies used to teach MLD
students with a deficit in executive functioning.
Chapter III—Method: This chapter describes the purpose of the study, its research
design, the participants, procedures used for data collection, the instrumentation, and
overall procedures for data analysis.
Chapter IV—Results: This chapter is comprised of the descriptive and
comparative findings of the study based on the manual, Unlocking the Eight Standards
for Mathematical Practice for Students With Mathematical Learning Disabilities and
Cognitive Deficits in Executive Functioning (see Appendix A for the actual manual).
Chapter V—Discussion: The final chapter presents an overview of the study,
recommendations for the future, and conclusions.
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Conceptual Framework for the Study
For this study, the conceptual framework (see Figure 1) to develop the use of the
SMP by K-5 students with MLD with a deficit in EF recognizes that for students to be
able to utilize the SMP, they must first have strategies and skills to access the practices—
11 executive skills that are commonly referenced when discussing EF in an academic
setting. These skills are broken into cognitive and behavioral skills, and each of the SMP
requires both subsets. Some models targeting the development of EF skills focus on as
few as six skills, others eight. But when considering the complex needs of the SMP, a
narrowed scope of skill development is recommended to address discrete skill deficit
areas. The other models are broad and do not offer the laser-like focus that is required. If
students with MLD are taught their deficit executive skills which align with each of the
SMP, they may be able to unlock the SMP and access math concepts as well as their
typical peers do. By recognizing that each student is different, one acknowledges that
each student may require a different combination of skills to access the standards
successfully.
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Figure 1. Conceptual framework: Unlocking the Standards for Mathematical Practice
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Chapter II
LITERATURE REVIEW
Background
Disabilities take many forms. Specific learning disability (SLD), which is one of
the 13 qualifying areas for special education as outlined by the Individuals with
Disabilities Act (IDEA), became a federally designated special education category
through the Children with Specific Learning Disabilities Act (P.L. 91-230) in 1969. SLD
is not a single disability, but a category of disabilities that may be representative of one or
a combination of the seven skill domains (Lyon, 2001). The domains identified by federal
legislation are: (a) listening, (b) speaking, (c) basic reading (decoding and word
recognition), (d) reading comprehension, (e) arithmetic calculations, (f) mathematics
reasoning, and (g) written expression (Harris, Reid, & Graham, 2004). Students with
SLD often exhibit a combination of these seven identified areas, coupled with other
disorder areas.
Because of their SLD, many students are likely to have difficulty planning,
managing time, remembering details and tasks, expressing themselves, or organizing—all
of which are executive functioning (EF) skills (Harris et al., 2004). Although these
deficits exist in tandem, they are not the primary reason for an SLD diagnosis. The term
SLD has become synonymous with the concept of unexpected underachievement because
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students’ performance is not synonymous with their skill, even though they have had
access to the content (Lyon, 2001). A requirement of identification under this disability
stipulates a discrepancy between achievement and ability. However, it was not until 1975
when Congress passed Public Law 94-142, the Education for All Handicapped Children’s
Act, that learning disabilities achieved official status as a category eligible for funding for
direct services (Hallahan & Mercer, 2001).
P.L. 94-142 was revised and reauthorized as several acts. The most recent
revision was the President’s Commission on Excellence in Special Education (2004),
which provided revisions to the IDEA. One of the most profound revisions to the
Education for All Handicapped Children’s Act was the removal of the discrepancy model
as a requirement for a diagnosis of SLD (Faulkenberry & Geye, 2014). The identification
of most children as SLD is based on what they are not rather than what they are (Fletcher
et al., 2001). In turn, new evidence-based intervention approaches that monitor and
evaluate students on a continuum are recommended. This model which is tiered is often
referred to as Response to Intervention (RTI) or Multi-Tiered Systems of Support
(MTSS).
Mathematical Learning Disabilities
Students with MLD, also known as developmental dyscalculia, are initially
qualified in the area of SLD, which is one of the 13 qualifying conditions covered by the
IDEA. Students who have a disability in math as identified by their evaluation are
characterized by an impaired ability to learn about and process numerical and
mathematical information, which is not attributed to general intellectual disabilities
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(American Psychiatric Association, 2013). Of the seven primarily basic or foundational
skill areas that are considered for SLD, three are specifically related to math: inaccurate
or slow counting, persistent difficulties in retrieving number facts, and multiple errors in
arithmetic calculations; all of these fall in the skill domain of arithmetic calculations. The
one comparatively higher-level deficit area is poor mathematical problem solving
(Scanlon, 2013) or mathematical reasoning.
There is a common perception that the most pervasive form of learning disability
is that of a reading disability. The field of reading disabilities currently has a number of
valid measures that can predict relatively well which students are likely to have trouble
with learning to read (Gersten, Jordan, & Flojo, 2005), and this may be a contributing
factor to that perception. When examining the measures used to diagnose students with
MLD, it becomes clear they are not available in the same way, and both researchers and
practitioners are forced to rely on standardized achievement tests, often in combination
with IQ tests (Geary & Hoard, 2005). However, Badian (in Geary, 1993) found that 6.4%
of elementary school and junior high school children showed some form of MLD,
compared to the 4.9% who showed some form of reading disability (RLD). Although a
lower percentage of students are identified with a reading disability, they are often
referred for an evaluation based on perceived deficiencies in reading. Rarely do MLD
cause students to be referred for evaluation (Garnett, 1998). It is challenging to determine
if the discrepancy in students identified with MLD and RLD is a byproduct of the
measures for diagnosis, lack of instructional content skill, or the dominant orientation of
the U.S. culture which can fairly be called “math-phobic” (Ginsburg, 1997).
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The shift in identification of students through new evidence-based intervention
approaches such as Response to Intervention (RTI) or Multi-Tied System of Support
(MTSS) that monitor and evaluate students on a continuum is significant when discussing
MLD. Since previous assessments were based on many different types of items, specific
deficits might have been masked (Gersten et al., 2005). For instance, two children with
math achievement scores at the 10th percentile and average IQ scores (i.e., children with
MLD) may have different forms of MLD, that is, different types of deficits (Geary,
1999). A review of the research and literature as it stands suggests that MLD is common
in children and “disorders of mathematics among the learning disabled remains relatively
neglected” (Geary, 1993, p. 345). To place this in perspective, for students classified with
SLD, arithmetic problems are as pervasive as reading problems, yet most research on
learning disabilities has focused on difficulties in reading (Garnett, 1998).
When examining if there is a correlation between students with RLD and MLD,
researchers have tried to determine if a reading disability has a significant impact on the
academic achievement of students with MLD in math. One longitudinal study conducted
by Jordan and Hanich (2003) with second- and third-grade students attempted to answer
this question. They tested students identified as having MLD, RLD, or both MLD/RLD.
In their assessment of seven mathematical skills, which included a measure based in
linguistical skill (i.e., word problems and tasks), the researchers found that students with
only RLD performed closer to the norm and had the smallest achievement gap with their
typical peers. However, as with the findings of previous studies, students with MLD grew
at a faster rate in mathematical achievement over time, compared with students identified
as having RLD or both MLD/RLD. Difficulty in fact retrieval was evident in all three
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subgroups, but the cause for this appeared to be based in number sense and not a
linguistic correlation. Finally, although there were significant cognitive differences in
students with MLD and MLD/RLD or RLD, there was no discernable difference in their
reading (Jordan & Hanich, 2003).
In terms of achievement patterns, children with MLD score at or below the 10%
range in most grades (Geary, Hoard, Nugent, & Bailey, 2012). Research has not fully
explored the extent of the types of disabilities in math. Much of the research on children
with MLD is narrowly focused, emphasizing only one area of mathematical competence
(i.e., children’s computational skill), with very little focus on problem solving or
numerical understanding. The source of MLD seems to stem from cognitive deficits in
the systems that are crucial to processing numbers (Faulkenberry & Geye, 2014).
However, a recent 5-year prospective study determined that relative to typically
achieving (TA) students, students with MLD have severe and persistent deficits in the
ability to develop long-term memory representations of basic arithmetic facts, or retrieve
them once they are learned (Geary et al., 2012). The findings also supported earlier
research that found students with MLD use developmentally immature procedures for
solving problems (Geary et al., 2012). See Table 1 for a comparison of characteristics of
LD/RLD and MLD.
All students with an identified disability are required to have Individual
Educational Plans (IEPs) which are aligned to identified need areas. Within those plans,
goals are created based on the findings of the evaluation. If the evaluation identifies
deficits in accurate or slow counting, persistent difficulties in retrieving number facts,
multiple errors in arithmetic calculations, poor mathematical problem solving
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Table 1
Characteristics of LD/RLD and MLD
General Characteristics of LD/RLD
Informational Processing
• Visual deficits
• Auditory processing difficulties
o Auditory perception (speech sounds)
• Motor disabilities
• Memory deficiencies
• Attention deficits
Language
• Expressive difficulties
• Receptive difficulties
• Difficulty with changes in meaning
• Difficulty with classification of words and
concepts
• Difficulty with word relationships
• Difficulty with implied meaning
• Slow rate and accuracy of naming pictured
objects or event, verbal opposites
• Difficulty with expressing flexibility with
language

Cognitive and Metacognitive Issues
• Difficulty following instructions
• Challenges giving and receiving feedback
• Misinterpreting social cues

Characteristics Specific to MDL
•
•
•

•
•

Difficulty with word problems
Difficulty with math fluency

•

Inadequate skill, motivation, or working
memory
Shifting between problem types
Deficits in the systems that are crucial to
processing numbers
Difficulty with fact retrieval
Poor mathematical problem solving

•
•
•
•

Difficulty Maintaining Positive Attitudes Towards
Learning
• Negative conscious and unconscious selfconcept
• High anxiety
• Negative perceptions of their intellectual
abilities
• Exhibit immaturity
• Hostility
• Withdrawal
• Aggressiveness
• Hypersensitivity

Difficulty organizing information on the
paper
Difficulty with fact retrieval
Errors in computation
o Incorrect operation
o Incorrect number fact
o Incorrect algorithm
o Random error

•
•

Belief that they are not smart enough to “do
math”
Math anxiety (Berch & Mazzocco, 2007)

Adapted from Ali & Rafi (2016) and Silva (2004)
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(Scanlon, 2013) or mathematical reasoning, then the student is identified as having an
MLD. Once identified, the IEP team, including at least one district administrator, must
craft goals to target identified need areas. These goals become the instructional blueprint
for the student and the teacher.
The deficits mentioned above are specific to the SLD indicators for a disability in
math. It should be noted that very little is known about the molecular biological origins of
MLD, and few studies have examined the developmental aspects of this disorder
(Rubinsten & Henik, 2009). For the purposes of this present study, the researcher focused
on literature that targeted students with MLD without low IQ, lack of access to
educational content, or sensory difficulty. Researchers have contended that although
brain dysfunction is a possible origin for MLD, it can involve genetic or environment
factors, resulting in tentative links between biological, conative, and behavioral levels
(Rubinsten & Henik, 2009).
Characteristics of Students With Mathematical Learning Disabilities
Students with a learning disability in mathematics achievement are characterized
by a failure to acquire grade-level appropriate knowledge and problem-solving skills
(Schoenfeld, 1987). Cognitive processing deficits have long been considered to be at the
core of SLD, according to the IDEA, but these processes are not frequently assessed as
part of SLD determination (Johnson, Humphrey, Mellard, Woods, & Swanson, 2010).
Though students with MLD possess cognitive deficits, they also possess “normal”
intellectual ability and are not considered mentally retarded (Ginsburg, 1997). According
to nine major studies of cognitive processing deficits in students with MLD, they are
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severely impaired in math ability and have difficulty in executive functioning, processing
speed, and short-term memory (Johnson et al., 2010). To place this in practical terms,
students with MLD who have impaired math ability often have deficits in the systems
that are crucial to processing numbers. Those with EF disorders struggle with
organizational and developmentally immature procedures for solving problems (Geary et
al., 2012), along with a lack of goal-driven behaviors, thus resulting in a lack of belief in
their own ability to do math. When considering processing speed for students with MLD,
this problem emerges when they attempt to retrieve content they have already learned
(Geary et al., 2012). One of the reasons students with MLD struggle with content
retrieval is because they have deficits in the ability to utilize short-term memory and
effectively move information along the memory continuum. This inability results in
students with MLD who develop severe and persistent deficits in long-term memory
representations of basic arithmetic facts. Through this review of current and past
research, no study has yet risen to the surface that directly connects each of the four most
common cognitive processing deficits with the SMP. Subsequently, the ground is vast
and fertile for this research; to that end, instead of focusing on each of the four areas
above, the scope of the study was limited to executive functioning.
Executive Functioning
Historical Context
At the most basic level, executive functions are the abilities that enable a
person to establish new behavior patterns and ways of thinking, and to introspect
upon them. This is required most in unfamiliar situations, where one doesn’t
know what to do, or in situations where established ways of behaving are no
longer useful or appropriate. As such, the term “executive function” refers to a
whole range of adaptive abilities such as creative and abstract thought,
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introspection, and all the processes that enable a person to analyze what they
want, how they might get it (i.e. form a plan, based often on recollection of past
experience), and then carry that plan out. It is also widely accepted that executive
functions play a critical part in complex social behavior, such as understanding
how others see us, being tactful or deceitful. Therefore, there is probably no
activity beyond most routinized and practiced ones that does not to some extent
involve executive processing. (Burgess, 2003, p. 349)
This explanation of EF is particularly helpful for opening this discussion because
it provides a broad description of the key components of EF. Over the past 40 years,
research on the role of EF has resulted in an evolution in the understanding of and the
terms used to describe its role. To place this in context, early studies associated with EF
are rooted in the Working Memory (WM) model, as developed by Baddeley and Hitch in
1974. This model held the Central Executive (CE) as the primary component of the WM.
The WM model is a multi-component model with three subcomponents. Each of the
subcomponents has its own function and capacity. Two of the subcomponents are
referred to as slave systems: the articulatory loop, later referred to as the phonological
loop by Baddeley, and the visuo-spatial sketchpad.
According to Baddeley (1983), the articulatory loop is an input store whose
primary function is probable speech perception or the retention of speech for a short
period of time. The retained speech can be transferred from the articulatory loop into an
active memory using subvocal rehearsal, if desired. The main function of the subvocal
rehearsal is to keep information from decaying through the use of mental repetition, and
also to translate visual information into phonological code where necessary for short-term
memory (“subvocal rehearsal loop”). “The model assumes that the phonological store can
be accessed either by the subvocal speech, an opinion strategy or directly through
auditory speech process” (p. 317).
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The second slave system explored was the visuo-spatial sketchpad. This system is
responsible for maintaining and manipulating the visuo-spatial images and serves as a
mirror in process to the articulatory loop. In both instances, research has suggested that
these systems are active stores which involve rehearsal (a process by which the systems
read information from the store and then feed it back [Baddeley, 1983]), thus creating a
process by which information can be maintained. Conversely, in a passive store,
information fades or is replaced. At the core of these two systems is the CE which is
responsible for coordinating information between the two systems (Baddeley, 1983). At
the time of Baddeley’s initial research, the CE was perceived as too complex of a system,
and although it appeared to represent the most important component of the model,
Baddeley decided to neglect the central executive system intentionally. Consequently, he
focused his work on the two slave systems (Baddeley, 1996). This decision would later
call into question the validity of the model which Baddeley (1996) acknowledged as an
embarrassment. This gap in the research prompted subsequent studies to focus solely on
tasks that assessed the CE-utilizing span tasks. These tasks, often referred to as dual
tasks, require simultaneous processing and storage of information.
In 2000, Miyake, along with Friedman, Emerson, Witzki, Howerter, and Wagner,
published a paper on the unity and diversity of the CE. This work expanded on
Baddeley’s research and focused on the three widely accepted key executive functions:
shifting, updating, and inhibition (Miyake et al., 2000). It would also become highly
influential in the subsequent research of EF. Their study sought to determine if these key
functions most often identified as the executives in literature were interdependent and,
more importantly, if they were requirements for more complex tasks.
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The first of the executive functions is shifting, which is defined as shifting or
switching flexibly between tasks or mental sets. Monsell (1996) expanded the definition
of shifting to moving backwards and forwards between multiple tasks, operations, or
mental sets. In practical terms, this requires the subject to stop an unrequired task and
initiate a new required or relevant task. Another identified symptom of subjects with
mental shifting deficits is the inability to move on to another answer or process, when the
current process is no longer appropriate.
The second executive function, updating, is the process of monitoring and the
addition or deletion of content from WM. During this process, received information is
assessed for the relevancy towards a task and then determined whether it requires
replacement of outdated or irrelevant information in the WM—at which time it is
replaced to represent new information (Morris & Jones, 1990). This process is not one of
simple maintenance. Instead, it is a dynamic system that must deploy the information
stored in the WM (Lehto, 1996; Morris & Jones, 1990).
Finally, the last executive function, inhibition, involves deliberately preventing
automatic responses by overriding them with influence or a dominant response. This
function is exhibited in the Stroop task, which asks the reader to identify the color in
which the words are written (not just the color they spell). For instance, the words could
read green, but the color of the letters could be red, with the correct answer being red
(Bull & Lee, 2014; Miyake et al., 2000; Monsell, 1996; St. Clair-Thompson &
Gathercole, 2006). Miyake et al. later stated that they did not claim the three researched
key executives were the only ones or even the fundamental units of cognition.
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Furthermore, their research indicated that these three basic executive functions, when
combined, could account for more complex functions (Miyake et al., 2000).
Paul Burgess (Gilbert & Burgess, 2008) continued to develop the research
initiated by Miyake et al. by expanding the focus on EF. They determined that “executive
functions are the high level cognitive processes that facilitate new ways of behaving and
optimize one’s approach to unfamiliar circumstances” (p. R110). At its core, most
theories on EF focus on a distinction between routine (well-rehearsed or automatic) and
non-routine (controlled or not well-established stimulus response) processing. EF
provides the ability to adapt to new or changing situations (Gilbert & Burgess, 2008).
Although there was a growing consensus around the presence of executive
functions, some debate remains about the EF construct. One well-known study by Best,
Miller, & Naglieri supported the construct that EF is made of distinct but interconnected
parts that are rooted in the three key executive functions of inhibition, shifting, and
updating (which some may refer to as working memory). Since EF is a multicomponential framework, any assessment or development of the EF will require
consideration and/or attention to a combination of the three executive functions (Best,
Miller, & Naglieri, 2011; Bull & Lee, 2014). There is some evidence for discrete EF in
children, although both the number and the nature of these functions have differed widely
across studies (St. Clair-Thompson & Gathercole, 2006).
Standards for Mathematical Practice
When the CCSM were adopted in 2010, they provided a streamlined guide for
math instruction that was divided into two distinct parts: the Standards for Mathematical
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Content (SMC) and the Standards for Mathematical Practice (SMP). The SMP were
designed to structure the way students thought about and interacted with the
mathematical content. In order to develop students as mathematical thinkers, it was
determined that a set of mathematical practices was required to facilitate this process.
Simply put, the SMC determine the topic and the SMP describe the mathematical
thinking. These practices describe the mathematical thinking that teachers should seek to
develop in their students (Common Core State Standards—National Council of Teachers
of Mathematics, 2017). The SMP provide guidance in the characterization and behaviors
that student should utilize when learning mathematical concepts (Bostic & Matney,
2014). The creation of the SMP was not an innovative concept, nor was it the first time
that teachers had received guidance on the use of these practices, but it was the first time
these ideas were required as standards to be taught and assessed (Mateas, 2016).
The SMP were developed through a blending of the National Council of Teaching
Mathematics (NCTM) and the Principles and Standards for School Mathematics (PSSM),
which outlined the essential components of a high-quality math program. The PSSM
were broken into two parts: content standards and process standards. The content
standards were divided into five key areas: Numbers and Operations, Algebra, Geometry,
Measurement, and Data Analysis and Probability. This structure mirrors the structure of
the CCSM. Similarly, the process standards identified as problem solving, reasoning and
proof, communication, representation, and connections were used as the foundation of the
SMP (NCTM, 2000). These five standards were intertwined with the five strands taken
from Adding It Up: Helping Children Learn Mathematics: conceptual understanding,
procedural fluency, strategic competence, adaptive reasoning, and productive disposition
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(Kilpatrick, Swafford, Findell, & National Academy of Sciences—National Research
Council, 2001). The five strands were included because researchers perceived each strand
as interdependent and requisite in the development of a proficiency in math (Kilpatrick
et al., 2001). These process standards of the NCTM Principles and Standards for School
Mathematics were combined with the Adding It Up strands and streamlined into the SMP
to serve as the key to high-level goals and to codify some of the ways that proficient
practitioners of mathematics work (Mateas, 2016).
Below is a brief review of the SMP as outlined in the CCSM.
SMP 1: Make sense of problems and persevere in solving them. Students need to
have a problem-solving process. This means that they need to be able to identify the
problem or determine what they need to know, consider potential ways to solve the
problem, choose which solution they want to try, and then execute the process. As they
navigate this process, they also need to be able to identify if additional resources are
required and determine how to access those resources. If students are not making sense of
the problem or finding an entry point, they should use questioning strategies. Teachers
can use prompts such as “How would you describe the problem in your own words?”
(Hancock, 2013) to encourage students to begin this process. Tasks associated with
Standard 1 should require cognitive effort and provide multiple entry points for students.
Students must access relevant knowledge and use it appropriately to complete the tasks.
Teachers are facilitators of this process and guide students through questioning. A student
who has mastered this skill is able to discuss, explain, and demonstrate solving a problem
with multiple representations and in multiple ways (Hull, Miles, & Balka, 2014).
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SMP 2: Reason abstractly and quantitatively. Students need to be able to
understand that numbers can be represented in a variety of ways and feel comfortable
with their interchangeable nature. For example, they need to be able to express a concept
as both an equation and a sentence and clearly understand that they represent the exact
same concept. For example: If Johnny had four Jelly Bellys and Sally had 10 Jelly Bellys,
how many Jelly Bellys do they have in all? This could also be represented as 4+10 =__.
To encourage this practice, teachers should consistently expect students to convert
situations into symbols to solve problems, as well as provide the meaning for them when
questioned about relationships (Mathematics, 2014). Students have shown mastery of this
skill when they are able to convert situations into symbols to solve problems accurately
(Hull et al., 2014).
SMP 3: Construct viable arguments and critique the reasoning of others. This
practice asks students to draw on skills often cultivated in English or Social Studies
classrooms. Teachers are expected to provide learning tasks and classroom experiences
that require students to provide evidence of their thinking beyond computation. To foster
this, teachers need to imbed discussion and communication of reasoning so that students
must justify their thinking and process (Hancock, 2013). Students must come up with an
answer as well as demonstrate that they can justify and prove their answer. Additionally,
students need to be able to listen to others, to agree or disagree with their answer, and to
provide justification for their position. When explaining their thinking, students may say,
“I don’t think it is an equilateral because…” Successful application of this skill results in
students who have the ability to compare and contrast situations, explain reasoning, and
justify or explain with accurate language and vocabulary (Hull et al., 2014).
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SMP 4: Model with Mathematics. Students are asked to visually demonstrate
their understanding of the problem and the process by which they arrived at the solution.
In lower-level classes, a basic expression of this practice is students being asked to shade
in a portion of the pizza or pie chart. SMP 4 expects students to implement the practice at
high cogitative levels. As such, students’ representational competence can be developed
through instruction. Marshall, Superfine, and Canty recommended the following
strategies (Mathematics, 2014) to lead to mastery of this practice and an increase in
mathematical thinking:
1. Encourage purposeful selection of representations;
2. Engage in dialogue about explicit connections among representations; and
3. Alternate the direction of the connections made among representations.
SMP 5: Use appropriate tools strategically. Students recognize that various tools
can be used to solve a problem and determine which tool is appropriate. This standard is
closely aligned with Standard 7, and requires students to have access to a variety of tools
(Hancock, 2013). The tools that elementary students might use include physical objects,
drawings or diagrams, paper and pencil, rulers, virtual manipulatives, or technology
(Mathematics, 2014). Students who have exhibited mastery of this standard could
combine various tools to explore, solve, and justify problem solutions.
SMP 6: Attend to precision. Math is a precise field, and though there may be
various ways to arrive at a solution, most often there is one solution. This standard
expects that students can utilize accurate computational skills as well as speak about them
in a concise and precise way (Mathematics, 2014). When students have mastered this
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standard, they use appropriate symbols, vocabulary, and labeling structures to engage in
productive discourse.
SMP 7: Look for and make use of structure. Students understand and can express
that numbers are flexible, have properties, and can have patterns and/or functions. For
example, 5+3 = 8 or 8-3 = 5. Students need to look for the structure within mathematics
to solve the problem (i.e., decomposing numbers by place value, working with properties)
(Hancock, 2013). Students utilizing this standard at the highest level can see complex
mathematical expressions as component parts (Hull et al., 2014).
SMP 8: Look for and express regularity and repeated reasoning. This standard
requires that students internalize their learning so they act on the patterns they have
observed and can find “shortcuts.” Students use observations to make predictions based
on provided information. Students are considered to have mastered this standard if they
can uncover a model of equations that unifies the various aspects of the problem (Hull et
al., 2014). To do this, students must connect their knowledge through unconventional
ways and speculate based on what they notice. To support this process, teachers need to
require students to explore relationships and develop a mathematical rule based on their
reasoning (Hancock, 2013).
Though independent, the SMP often become interdependent as students and
teachers become accustomed to their use (SanGiovanni, 2013). The SMP at their core are
the guidepost for how students “do math,” signaling an important feature that blends
basic skills instruction with problem-solving instruction (Bottge, Rueda, LaRoque, Serlin,
& Kwon, 2007).
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Executive Functioning and Standards for Mathematical Practice
in the Classroom Setting
One of the challenges of addressing EF and the SMP is that there is virtually no
research or data specifically aligned with this topic. However, the research has indicated
that “EF are more important to school readiness than IQ. They continue to predict math
and reading competence throughout all school years. Clearly to improve academic
success, targeting EF is crucial” (Diamond & Lee, 2011, p. 1). To be identified as having
an MLD, students need to exhibit a significant delay as represented by inaccurate or slow
counting, persistent difficulties in retrieving number facts, and/or multiple errors in
arithmetic calculations during their evaluation. Although some of these assessed skills are
embedded in the SMP as practices that are designed to help illuminate or guide
mathematical thinking, these are not the areas cultivated by the SMP. Since the
assessment areas for a diagnosis of MLD may or may not directly correlate to a specific
deficit in EF, it is beneficial to look at specific skills that are aligned with EF.
Only a few formal comprehensive assessments specifically target EF (Gioia,
Isquith, Guy, & Kenworthy, 2000). The Behavior Rating Inventory of Executive
Function (BRIEF) is the most widely used and accepted form of assessment in the school
setting to determine specifically EF deficit and strength areas in children aligned with
practical application. The BRIEF, which is completed by teachers and parents, assesses
and rates students on over nine aspects of EF: (a) Initiation, (b) Working Memory,
(c) Emotional Control, (d) Inhibit, (e) Shifting, (f) Planning and Organization,
(g) Organizing Materials and Space, (h) Self-Monitoring, and (i) Task-Monitoring.
Research has indicated that the BRIEF showed a strong relationship with interviews and
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other parent rating measures of behaviors (Mahone et al., 2002). A newly developed
inventory which is still in the initial review stage is call the Childhood Executive
Function Inventory (CHEXI). Initial research indicated that CHEXI was developed in
response to potential concerns or challenges with the BRIEF. Different from the BRIEF,
the CHEXI focuses specifically on working memory and inhibition with additional
subcategories of planning and regulation. The CHEXI asks only 26 items compared to the
longer 63-86 item BRIEF assessments (Thorell & Catale, 2014). While the BRIEF and
the CHEXI assess similar items, the CHEXI does not focus on particular indicators.
Some contend they are indicators of ADHD and not a deficit specific to EF (Biederman
et al., 2004). Correlating studies indicated that researchers are attempting to define the
relationship of EF skills to determine if they are discrete skills or interdependent in
school-age children.
Within the classroom setting, informal inventories administered to students,
teachers, and families are more widely used to identify trends in behaviors for students
appearing to have deficits in EF. When discussing EF in the classroom setting, it is often
referred to as executive skills (ES). Executive skills “allow us to override our immediate
demands in favor of longer term goals” (Dawson & Guare, 2010, p. 1). Often, these skills
are broken into two large categories: skills that are associated with cognition or
metacognition, and skills that are associated with behavior (Dawson & Guare, 2010).
Schillinger and Wetzel (2015) assigned skills to each of these two large categories with
one slight variation, as noted in Figure 2 below.
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Figure 2. Executive skills classification groups
(adapted from Dawson & Guare, 2010; Schillinger, 2015 Skills Checklist)
To provide clarification in the form of a guide, the following characteristics are
assigned to each of the above-mentioned executive skills. Cognition is defined as the
“processes of knowing, including attending, remembering, and reasoning; also the
content of the processes, such as concepts and memories” (Glossary of Psychological
Terms, 2017). The skills associated with cognition are as follows:
1.

Metacognition: Allows students to be aware of or analyze their own learning
or thinking processes. Students with a deficit in metacognition may be
challenged to reflect on their behaviors and/or processes.

2.

Organization: Allows students to keep track of things, either physically or
mentally. Students with a deficit in organization may have difficulty finding
their homework, even if they took the time to complete it. Students may not
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be able to put their ideas in a structure that makes sense, even though they
understand the concept.
3.

Planning: This skill allows students to determine what they are going to do,
how they will do it, and the material or conceptual resources that are
required, often aligned with goals. Students with a deficit in planning may
come up with an idea for a long-term project but have no idea how to bring
the project to fruition.

4.

Time management: Allows students to prioritize and determine what is the
most important thing to do. Students with a deficit in time management are
often late and have difficulty completing tasks in a designated amount of
time due to an inability to determine the appropriate time requirements.
Students may spend an inordinate amount of time doing what they like, and
not begin or complete the important portion of the task or lesson.

5.

Working Memory: Allows students to access memory so they can complete
the next task or apply it to a new situation. Students with a deficit in
working memory may not be able to apply new information to old
information or see connections.

The skills that are often classified as behavioral skills are as follows:
6. Emotional Control: Allows students to control their emotions and match or
adapt them to the given environment. Students with a deficit in emotional
control may act out when things do not go as planned; they may have negative
responses to simple or common challenges.
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7. Flexibility: Allows students to adjust to situations, whether physical or
cognitive. Students with a deficit in flexibility may have a hard time
transitioning from one activity to another or become agitated when the
schedule changes.
8. Response Inhibition: Also called inhibition control, allows students to think
and process before they act. Students with a deficit in response inhibition may
do or say exactly what they are thinking at that moment and not consider the
ramifications of their words or actions.
9. Sustained Attention: Allows students to stay focused on the task and not be
distracted by surroundings or perceived inability to complete task. Students
with a deficit in sustained attention may hear a noise or see movement and
lose their thought and discontinue the task.
10. Goal-Directed Persistence: Allows students to know how they are doing in
relation to the moment and push through to the end goal (know where they are
going and why so they can get there). Students with a deficit in goal-directed
persistence may have difficulty continuing to work when the problem gets
“hard,” do not believe that they can be successful, and often give up.
11. Task Initiation: Allows students to begin a task without procrastinating.
Students with a deficit in task initiation might sit at their desk and do nothing,
not ask for help, and not complete the work even though they understand the
content and can do the work.
Meltzer (2010), also an expert in the field of EF and instruction, identified a
process which she referred to as the Executive Function Process, with six components:
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(a) Planning, (b) Organization, (c) Prioritizing, (d) Shifting, (e) Accessing Working
Memory, and (f) Checking. Meltzer’s process focuses on the cognitive components of
executive functioning; however, she agreed that “academic success for students, and
particularly students with learning difficulties, is inextricably linked with their
motivation, effort, persistence, academic self-confidence and self-efficacy” (p. 8). These
areas are not specifically articulated in Meltzer’s process, but they are component parts in
Dawson and Guare’s as well as Schillinger’s model/checklist of skills. In reviewing the
research on Meltzer’s process and Dawson and Guare’s and Schillinger’s model/checklist
of skills, one finds significant overlap and no distinguishable difference in their outcomes
for their common areas (Baumert, 2010).
Considering these models in relation to the most utilized assessment specifically
targeting EF, which is the BRIEF, each model flanks the BRIEF-assessed skills. Research
has shown that the skills identified by the BRIEF have practical application to the
classroom setting and provide a good indicator of need areas (Gioia, 2002). The
Executive Skills Checklist encompasses both the cognitive and behavioral skill areas
addressed on the BRIEF assessment, as well as three additional skills identified as
important for academic success (Dawson, 2010). In contrast, the EF process only
highlights the cognitive portions. See Table 2 for a correlation chart on these models.
Since the CCSM which encompasses the SMP are based in a cognitive and
constructivist approach, learning executive skills should be considered and coupled with
the integration of instructional practices. As Diamond and Lee (2011) stated, curricula
need to address EF in various instances, not just in one capacity, and repeated practice
produces the benefit. The blending of basic skills instruction with problem-solving
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Table 2
BRIEF, Executive Skill, and Executive Process Correlation Chart
Executive Skill
Checklist Correlation

BRIEF Skill
Assessment Area

•
•

Task Initiation
Working Memory

•
•

Initiation
Working Memory

•
•
•
•
•
•
•

Emotional Control
Response Inhibition
Flexibility
Planning
Organization
Time Management
Organization

•
•
•
•

Emotional Control
Inhibit
Shifting
Planning and
Organization

•

•

Goal-Directed
Persistence
Sustained Attention
Goal-Directed
Persistence
Sustained Attention

•

Organizing Materials
and Space
Self-Monitoring

•

Task-Monitoring

•
•
•

Executive Function
Process Correlation
•

Accessing Working
Memory

•
•

Shifting
Planning

•

Organizing

•

Checking

•

Prioritizing

instruction requires teachers to develop meaningful access points to focus on developing
students’ skills (Powell et al., 2013) through scaffold instruction, which provides the
additional support and practice instruction (Bottge et al., 2007). The research supports a
scaffolded method because it revealed that MLD students who were taught for 4 weeks
using only direct instruction were not prepared for conceptually-based instruction
(Woodward & Montague, 2002). If students who struggled with EF in the early grades
received scaffolded instruction, the research indicated they could benefit from this
instruction in their middle and high school years (Stockall, 2017).
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Just as basic skills need to be scaffolded, so too do executive skills need to be
scaffolded. Tomlinson (2001) defined scaffolding as “whatever kind of assistance is
needed for any student to move from prior knowledge and skill to the next level of
knowledge and skill” (p. 22). Intentional instruction in executive skills allows students to
garner the tools they need to access and navigate the standards. Longitudinal studies have
indicated that EF contributes to academic achievement rather than the other way around
(Best et al., 2011). The SMP require teachers to provide learning opportunities in which
students must engage in problem solving and move beyond computation. Without a
deliberate focus on the development of executive skills, the trend will continue with
shifting, working memory, and inhibition, each accounting for unique variance in math
scores (Bull & Scerif, 2001). Additionally, Bull and Scerif found that tasks measuring
cognitive skills like EF do not directly index the component skills needed for
mathematics and reading; therefore, a lack of ability in these assessed areas is due to a
lack of EF and not the relevant knowledge required (Bull, Espy, & Wiebe, 2008) for
computation or comprehension. This does not mean that they exist or should exist in
silos. Furthermore, EF makes it possible for us to play mentally with ideas, adapt quickly
and flexibly to changed circumstances, take time to consider what to do next, resist
temptations, stay focused, and meet unanticipated challenges (Diamond, 2013)—all of
which are requisite skills to access the SMP. Not every student with a deficit in EF
manifests this deficit in the same way. Subsequently, research has suggested that it is
imperative to assess EF to determine the nature of the impairments in executive
functioning (Miyake et al., 2000; Peng, Congying, Beilei, & Sha, 2012).
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Although the BRIEF has extensive research to support the validity of its results,
informal assessments are helpful to determine evolving needs and progress within a
classroom setting over time. These informal assessments provide the basis for targeted
“strategy instruction which should be directly linked with the curriculum…and taught in
structured, systematic ways using scaffolding, and modeling time for practice” (Meltzer,
2010, p. 31). This provides students with the tools necessary to persist and work
independently on math tasks, resulting in their increased belief in abilities and success
(Maccini & Gagnon, 2002). A conclusion of the meta-analysis of instructional
components of mathematics instruction for students with learning disabilities conducted
by Gersten et al. (2009) found that “the next major task is the increased use of
instructional techniques that tackle areas particularly problematic for students with LD,
such as word problems, concepts and procedures, and understanding the properties of
whole numbers” (p. 1233). Cragg and Gilmore (2013) found a strong relationship
between EF skill and mathematical achievement. They added that many practitioners are
not aware of the importance of these skills and there needs to be more collaboration
between these two groups (Gilmore et al., 2013). These findings support the present
researcher’s assumption that additional resources are needed to provide access to the
SMP. See Figure 3 for a theoretical model predicting relationships between EF skills and
components of mathematical knowledge.
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Figure 3. A theoretical model predicting relationships between executive functioning
skills and components of mathematical knowledge
(Dashed lines represent relationships that change over the course of development; see
Cragg & Gilmore, 2014])
Belief
As discussed earlier, executive skills impact both cognitive and behavioral
responses. A functioning child’s learning disability is comprised of not only the cognitive
defect, but also the child’s feelings about it. Those feelings are in turn influenced by the
teachers and parents’ beliefs about the learning disability (Ginsburg, 1997). The child
fails not only because of a memory defect, but also because the teacher reacts to it in
certain ways, because the parents hold certain beliefs about the child and the defect, and
because the child “constructs” his or her own concepts of what it means to “have” such a
defect (Ginsburg, 1997). As a result, strategies to target and support students’ selfmotivation and self-understanding must also be taught and reinforced to ensure that the
replacement behaviors can be generalized (Meltzer, 2010). This intentional teaching
provides an opportunity to address a common perception from the child’s point of view,
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in which the teacher’s role is to create obstacles, to present meaningless tasks, to trick,
and then to reward the child’s success with praise or punish failure with disapproval
(Ginsburg, 1997).
Expanding upon the work of Cragg and Gilmore, and extending the correlation
from the components of mathematical knowledge to the SMP and EF skills, the following
table was created. Table 3 articulates the key moves that are required by the SMP and the
EF skills that are necessary to attend to each standard. The table was created through
careful consideration of the individual standards as well as the distinguishing
characteristics of each EF skill as articulated by researchers.
Implications for District and School-Level Leaders
Since the inception of No Child Left Behind, accountability for school personnel
has steadily risen. In an effort to guarantee that school systems are meeting the needs of
all students, specific standards have been put in place. These standards provide guidelines
and expectation markers for districts and principals. For districts to reach these markers,
all schools need to have administrators who have a clear understanding of the
expectations and skills required to lead schools in order to reach these indicators. The
skills necessary to accomplish this task differ greatly from the traditional training path
most administrators take. Resulting in a target population that needs access to additional
training and support, Hale and Moorman (2003) extended this thinking by classifying the
responsibilities into three major areas: instructional leadership, cultivation of an
environment that fosters and expects rigorous instruction, and effort connected to the
outside world.
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Table 3
Requirements of the Standards for Mathematical Practice and Executive Functioning
Skills
Standard of
Mathematical
Practice
1.

2.

Make sense of
problems and
persevere in solving
them.

Reason abstractly
and quantitatively:
This standard
requires that
students can apply
math skills and
concepts to solve
real world
problems.

What Is Required of
the Student

a. Have a problemsolving process
i. Incorporate
metacognition
b. Align a strategy to the
problem-solving
process to use from
inception to
completion
i. Ability to know
which strategy
to choose?
ii. Relate the
current problem
to previously
taught concepts
and skills.
iii. Monitor the
progress and
alter the
approach if
required
c. Continue to push
through the problem
when they become
confused and not give
up until the problem
is solved
i. Belief
a. Represent their
understanding of
numbers in a variety
of ways (numbers,
diagrams, symbols)
b. Convert from one
form to another, i.e.,
sentence to an
equation

Executive
Functioning
Key
Component
●
●
●

Shifting
Updating
Inhibition

Executive
Functioning Skill

Cognitive
● Planning
● Organization
● Working Memory
● Metacognition
Behavioral
● Sustained Attention
● Task Initiation
● Goal Directed
Persistence
● Flexibility

● Shifting
● Updating
● Inhibition

Cognitive
● Planning
● Organization
● Working Memory
● Metacognition
Behavioral
● Sustained Attention
● Task Initiation
● Flexibility
● Goal-Directed
Persistence
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Table 3 (continued)
Standard of
Mathematical
Practice
3.

4.

5.

What Is Required of
the Student

Construct viable
arguments and
critique the reasoning
of others: This
standard requires that
students are not only
able to come up with
an answer, but they
can justify and prove
their answer as well.
Furthermore, they
need to be able to
listen to others to
agree or disagree and
provide justification.

a.

Create a reasonable or
viable argument or
defense for their
thinking, both orally
and in writing
b. Listen to and provide
feedback/a response
to someone else

●
●
●

Model with
mathematics: This
standard requires that
students show what
they know.

a.

Present their ideas in
a variety of ways
Utilize models to
analyze problems, to
draw conclusions,
resulting in being
able to problem solve

●
●
●

Determine when and
if a tool is required
and to use the
appropriate tool
Once a tool is
selected use the tool
correctly

●
●
●

Use appropriate tools
strategically: This
standard requires that
students recognize
that there are various
tools available and
must determine which
tool is appropriate

b.

a.

b.

Executive
Functioning
Key
Component

Executive
Functioning Skill

Shifting
Updating
Inhibition

Cognitive
● Planning
● Organization
● Time Management
● Working Memory
● Metacognition

Shifting
Updating
Inhibition

Shifting
Updating
Inhibition

Behavioral
● Response
Inhibition
● Emotional Control
● Sustained Attention
● Task Initiation
● Flexibility
● Goal-Directed
Persistence
Cognitive
● Planning
● Organization
● Working Memory
● Metacognition
Behavioral
● Response
Inhibition
● Emotional Control
● Sustained Attention
● Task Initiation
● Flexibility
● Goal-Directed
Persistence
Cognitive
● Planning
● Organization
● Working Memory
● Metacognition
Behavioral
● Emotional Control
● Sustained Attention
● Task Initiation
● Flexibility
● Goal-Directed
Persistence
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Table 3 (continued)
Standard of
Mathematical
Practice
6.

7.

What Is Required of
the Student

Attend to precision:
This standard
requires that
students utilize
accurate
computational
skills.

a.

Look for and make
use of structure:
This standard
requires that
students understand
that numbers are
flexible, have
properties, and can
have patterns and/or
functions.

a.

b.

b.

c.

8.

Look for and
express regularity
and repeated
reasoning. This
standard requires
that students
internalize their
learning so they act
upon the patterns
they have observed
and can find
“shortcuts.”

1.
2.

Executive
Functioning
Key
Component

Use accurate
computation when
completing math
tasks
Use precise
communication

●
●
●

Articulate how
numbers are put
together and broken
apart
Demonstrate that
numbers can change
order and end up with
the same answer if
the problem does not
change
Identify the patterns
and functions

●
●
●

Notice the patterns
Find shortcuts and
generalizations

●
●

Shifting
Updating
Inhibition

Shifting
Updating
Inhibition

Shifting
Updating

Executive
Functioning Skill

Cognitive
● Organization
● Working Memory
● Metacognition
Behavioral
● Response
Inhibition
● Emotional Control
● Sustained Attention
● Task Initiation
● Goal-Directed
Persistence
Cognitive
● Planning
● Organization
● Working Memory
● Metacognition
Behavioral
● Response
Inhibition
● Emotional Control
● Sustained Attention
● Task Initiation
● Flexibility
● Goal-Directed
Persistence
Cognitive
● Planning
● Organization
● Working Memory
● Metacognition
Behavioral
● Emotional Control
● Sustained Attention
● Flexibility
● Goal-Directed
Persistence
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Although a significant amount of time and effort has been placed on the training
of teachers to increase their effectiveness in the classroom, until recently very little focus
has been given to the development of principals. As programs emerge to target the
systematic needs of principals, they find that district and school leaders are at different
stages of understanding. These differences in understanding extend to a varied
interpretation of the implications of EF skills on students’ academic outcomes. As such,
the current resources available to principals and district administrators fail to address
their needs comprehensively.
Given the increasing pressure for schools to improve, administrators need to
expedite addressing the gaps in their technical and instructional skills. The expectations
call for specifically targeted development to ensure that administrators are implementing
new strategies with their teachers effectively and in a timely manner. This development is
imperative because “School principals are being asked to ensure that all students have
access to high quality instruction and all educators are held accountable for student
learning” (Condon & Clifford, 2012, p. 2). Salazar (2007) noted that principals need
targeted development designed to increase effectiveness through an expanded knowledge
base in order to prepare them to drive continuous improvement. Particularly in the area of
math, Cobb and Jackson (2011) maintained that school instructional leadership is a
crucial factor in the instructional improvement of teachers.
Consequently, administrators at every experience level need access to targeted
tools that assist them in becoming increasingly knowledgeable and effective at leading
trainings targeted to the development of EF skills in schools. Similarly, special education
and math directors need resources to develop their understanding of EF skills and their
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connection to the SMP to provide development to teachers and staff effectively in support
of or in tandem with school principals. Special education directors have the additional
opportunity to use resources to develop curriculum and provide guidance on and during
IEP meetings aligned with these skills.
Adult Learning Theory
To aid administrators in effectively utilizing a resource such as a manual designed
to increase EF skills with teachers, it is beneficial to have a cursory understanding of the
components of adult development. Burch and Spillane (2003) suggested that “leadership
requires knowledge about how teachers develop professionally as well as the ability to
build momentum for school-wide changes” (p. 522). Drago-Severson (2008) defined
adult development theory as increases in adults’ cognitive, effective, interpersonal, and
intrapersonal capacities that enable them to manage better the complex demands of
teaching, learning, leadership, and life. This definition was founded on Kegan’s (1982)
constructive-developmental theory, which indicates that people actively attempt to
understand what they are experiencing; moreover, how they understand what they
experience can and does evolve over time. These practices in themselves are grounded in
the utilization of EF skills.
Tools and Strategies Designed to Develop Executive Functioning Skills
In response to the growing number of students identified as having deficits in
executive functioning, whether they have an MLD or not, numerous programs and
strategies were developed to target these deficits. In either case, whether a specific
program or a set of independent strategies, teachers benefit from a set structure or process
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to teach the development of these skills. Dawson and Guare (2010) established a six-step
process for teaching children executive skills, as presented in Table 4.
Table 4
Teaching Children Executive Skills (Dawson & Guare, 2010)
Step
1

2
3
4

5
6

Description
Describe the problem behaviors:
described as behaviors that can be
seen or heard
Set a Goal: related to the identified
problem behavior
Establish a procedure or set of
steps to reach each goal
Supervise the student to follow
procedure

Evaluate the process and make
necessary changes
Fade the supervision

Example
Rushes through homework- making many
mistakes
Joe will bring home all required materials
to complete homework
Checklist that outlines procedure to be
followed
Walk student through process:
1. Remind students to begin procedure
2. Prompt student to perform each step in
the procedure
3. Observe the student as they perform
steps
4. Provide feedback and help improve
practice
5. Praise student for each accurate step
and completion
Monitor, tighten and adjust cues
Gradually decrease the number of prompts
and supervision:
1. Prompt the student at each step, but
leave the vicinity between steps
2. Getting student started and checking in
on completion, but not present for process
of completion
3. Cueing the student to start and check
off on their checklist as they complete a
task
4. Prompting student to “use their
checklists,” with no additional cues or
reminders
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Although this process is most often used when teaching discreet skills to
individual students, a similar process is followed whether a teacher uses a program
designed to improve EF skills or targets specific strategies not aligned with a specific
curriculum. Over the last 20 years, advancements have been made in the cultivation of
resources and strategies available for students with deficits in EF. However, this remains
a field where further development is required. Few comprehensive curricula or programs
exist. Below are the three programs most often referenced in the research. The findings
on the effectiveness of these programs are mixed, and further studies are recommended to
determine their effectiveness. Individual strategies targeting specific executive functions
and skills also have varying degrees of effectiveness. However, the disparity is often
noted when trying to extrapolate the effectiveness of discreet executive skills in relation
to one executive function (Mascolo, Flanagan, & Alfonso, 2014).
Curriculum Programs Used to Develop Executive Functioning Skills
Open Circle Curriculum
Designed to target the social-emotional needs of K-5 students through a
comprehensive 35-lesson structure delineated for each grade band, the lessons of the
Open Circle Curriculum are designed to facilitate discussions in an “open-circle” format.
In two comprehensive studies conducted over a 1- and 2-year period, researchers found
that the Open Circle Curriculum resulted in improved social skills at both the fourth
grade and middle school level (Seigle, Lange, & Macklem, 1997; Taylor, Liang, Tracy,
Williams, & Seigle, 2002).
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Strategies, Motivation, Awareness, Resilience, Talents, and Success
Curriculum (SMARTS)
The SMARTS curriculum, initially developed in 2006 in Boston, Massachusetts,
has expanded to an online platform launched in 2015. The curriculum is designed to
empower students to understand their strengths and weaknesses while teaching them EF
strategies (RESEARCHILD, 2015). The program has teacher and student components
that correspond to the CCSS. Most of the research behind the development and
application of SMARTS was founded on the work of L. J. Meltzer, Ph.D. Because the
online platform is new, there is little research to determine the validity of the online
program, although many of the strategies are sound and based in research.
Student Success Skills (SSS)
The SSS program is a multilevel, school counselor-led, K-12 model that
encompasses three developmentally appropriate treatment/intervention curricula. The
skill sets, tools, and strategies that are embedded in the SSS program were developed
based on extensive research (Webb, 2007): Ready to Learn for Kindergarten through
Grade 1; Ready to Succeed, targeting Grades 2 through 3; and Student Success Skills,
targeting Grades 4 through 12. Since its inception, five comprehensive studies were
conducted to determine the effectiveness of the program. Four of the studies had
consistent findings, with 86% of students who participated in the SSS program improving
their math scores on the Florida Comprehensive Test (Webb, 2007). One of the studies
was an outlier, considering the effect on African American and Hispanic students. The
findings were in relation to non-students of color; however, improved performance of
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students remained consistent with previous studies (Miranda, Webb, Brigman, & Peluso,
2007).
The program is implemented through a series of five classroom lessons which are
led by a counselor. The five lessons follow a set structure with a beginning, a middle, and
an end. The structure and strategies covered during the beginning and end are consistent
and focus on similar program components. The beginning includes opportunities for
students to review goals, monitor progress, and report success to each other and the
group. The middle portion is comprised of activities designed to teach new skills and
strategies aligned with the five student success skills used as target areas for continuous
improvement.
1. Goal Reporting, Progress Monitoring, Success Sharing, and Goal Setting;
2. Creating a Caring, Supportive, and Encouraging (CSE) Classroom
Community;
3. Cognitive and Memory Skills;
4. Performing Under Pressure: Managing Test Anxiety; and
5. Building Healthy Optimism.
The lesson ends with students reflecting and sharing out progress towards goals and
identifying target areas for the next week. In addition to the class lessons, eight 45-minute
group sessions and four booster sessions happen over the course of the year targeting
high-anxiety times (i.e., state assessments) (Miranda et al., 2007).
Although most of the research has indicated that the SSS curriculum results in
significant gains for students who have access to the program, the lack of a control group
in each of the studies prompted questions of validity by members of a National Panel for
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Evidence-Based School Counseling (Carey, Dimmitt, Hatch, Lapan, & Whiston, 2008).
Based on the effect size, the panel concluded that SSS research to date reflects promising
but not strong evidence of effectiveness. They recommended further study of the SSS
program.
Strategies Used to Develop Executive Functioning Skills
Cognitive
Planning. The adoption of the CCSS ushered in an era of increased demands on
the cognitive load of students. Today, students are expected to respond to multistep
inquiry questions, regularly complete long-term projects, and explore their own learning
process through the application of knowledge. These expectations create a significant
barrier for students with deficits in EF and have increased demands on students for
independent planning. To support students’ ability to respond to these increased needs,
students require strategies to help them have a knowledge of time, tasks, and processes to
prioritize and monitor progress.
Foundational strategies that help students in an elementary setting to attend to
deficits in planning are often grounded in a focus on student schedules. Teachers create
daily visual schedules that are explained, posted, and referenced throughout the day. As
students are guided through their day, the highly structured format offers students the
opportunity to build their time management skills. This helps to make time concrete and
establish a framework within which students can develop their own structures of
planning. Additional strategies identified to develop planning skills are as follows:
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•

Practice monitoring time (visual timers and/or watch) (see below);

•

Recipe for Success Process (Meltzer, 2010); and

•

Obligation, Aspiration, or Negotiation (Meltzer, 2010).

Additional strategies to support organization during literature connections are:
•

Development of Project Planning Charts (Meltzer, 2010) (see Table 5).

Table 5
Project Planning Chart Example
Assignment
Summary of
themes in
Number in the
Stars

Requirements
Read the
book
(total 158
pages)

Breakdown

Time

Actual Time

• Read one
chapter a night
for the next 17
days

• 20-30
minutes a
night (7-9
hours total)

• 30 minutes
(9 hours
total)

• Take notes on
each chapter

• 5 minutes a
night (1.5
hours total)

• 10 minutes
(3 hours
total)

• 1 hour

• 2 hours

• 30 minutes

• 15 minutes

• 12 hours

• 14 hours
and 15
minutes

• Write a
summary of the
themes of the
story
• Editing
Total Time

Organization. The research suggests that foundational strategies for organization
should be taught in the elementary years and then built upon in the later years, resulting
in independent strategy selection by older students (Meltzer, 2010). Subsequently,
students need direct strategy instruction to help them to differentiate between relevant

53

and irrelevant information so they can organize information to initiate the problemsolving process (Roditi & Steinberg, 2007). A review of the literature identified many
strategies to aid in the development of organizational skills; however, not all strategies
are supported by research and/or have resulted in improved outcomes for students.
Strategies to develop organizational skills that have proven successful over time focus on
the use of systems or tools which rely on consistent and repeated use. Students are
encouraged to establish only one or two systems initially and then expand them as use
becomes more automated.
An EF skill that is the foundation of organization for students is the process of
managing papers. Research has shown that students need a structured system to follow
that is initially supported or directed by an outside person, with the goal of independence
on the part of the student. A successful system should include the following components
at a minimum (Dawson & Guare, 2010):
A. Should be easy for the student to follow and have embedded visual cues;
B. Have designated time for the student to practice and implement the strategies;
and
C. Have designated time for the student to monitor and reflect on his or her
organizational practices.
The organizational system that is developed could require the student to:
•

Date all papers and assignments.

•

Place all papers in a folder (hard or virtual) to travel between school and
home. Color coding the folders to indicate student requirements can be
beneficial, i.e., the red folder contains homework and papers to be signed by
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parents; the green folder is completed work and papers that need to be
returned to school.
•

Schedule a weekly check of backpack to ensure nothing is forgotten/left in
backpack.

•

Track and provide feedback on use of organization systems. (Dawson &
Guare, 2009)

One of the most effective tools to develop organization in students with deficits in
EF in a math class is the math strategy notebook. According to Roditi and Steinberg
(2007), the math strategy notebook is a critical tool for organizing key information and
reminding students with EF of the usable math strategies to use in the problem-solving
process. However, when learning to use this tool, students need individual assistance in
choosing the strategies to use which align with their strengths and the requirements of the
math task. As a result, students need to be taught how to record these strategies in a
format they can use in a math strategy notebook (Meltzer, 1996). Since the SMP require
the use of skills from other content areas, the notebook could/should be used to organize
and analyze the language of the math problems as well as incorporate vocabulary lists,
reference charts, and graphic organizers associated with content.
Triple-Note-Tote (Braincogs; Research Institute for Learning and Development &
Fablevision, 2005), a strategy most often aligned with reading activities, can prove
helpful in the math class. Triple-Note-Tote is a structure to help students with deficits in
EF to distinguish between relevant and irrelevant information, while simultaneously
teaching them how to create a tool they can use to capture their interpretation of the
information (definitions and rules) that can be used later for reference or as a study tool.
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Triple-Note-Tote Directions:
1. Fold paper in thirds so you have three columns.
2. Write a short definition immediately underneath the vocabulary word.
3. Write your own model sentence in second column.
4. Draw a picture or other mnemonic symbol to help you remember the meaning
and/or pronunciation of the word.
See Table 6 for an example of Triple-Note-Tote.
Table 6
Triple-Note-Tote Example

Vocabulary Word/Term
Expression:
A part of a number
sentence that has
numbers and operations
sign, but no equal sign.

Percent:
A part in every hundred

Model Sentence:
Definition in
My Own Words

Example/Visual Representation

An expression is a
problem that has
everything but the equal
sign.

4+A

A piece of a hundred that
uses the % sign.

33/100 means 33%

It’s like a face that is in the
process of being created.

A central theme of the SMP is the requirement that students be problem solvers
and critical thinkers. They need to be able to create a plan, then execute and reflect upon
the plan they drafted (Dawson & Guare, 2010). One strategy to support in this process is
the RAPS strategy. As a four-part strategy, it is designed to help students with deficits in
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EF focus on important details and use an organized process to solve problems. Utilizing
the RAPS strategy, students are taught to:
R: Read the problem to understand.
A: Depict the problem in an artistic way (draw it).
P: Predict the outcome to help create a plan.
S: Solve the problem.
Additional strategies to support organization during literature connections are:
•

BOTEC (RESEARCHILD, 2015),

•

Graphic organizers for ideas, and

•

Bottom-up/Top-down Tasks (Meltzer, 2010).

Time management. Time management is often referred to as a high-level
executive skill because it encompasses other skills. For students to have successful time
management skills, they need to be able to organize information in such a way that allows
them to estimate how long it will take to complete the task, create a plan, develop and
follow a schedule, and monitor if they are on track towards completion (Mascolo et al.,
2014). To complicate this process, prerequisite skills are necessary to initiate the abovementioned tasks. Students who are unable to tell time or follow a schedule will find it
challenging to develop this skill effectively. As a result, students with a deficit in this
area require support in developing the plan they will execute and consistent coaching that
often takes substantial time to fade.
To develop this skill, teachers will need to determine the students’ level of
foundational skill and then build the strategy around current performance. The use of
visual schedules created by the teacher used in tandem with timers is often the first step
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in the development of this skill. As students begin to internalize schedules, the teacher
can provide “time guidelines” which are often posted and indicate the estimated time
required to complete task. Within those guidelines, students are provided with timerelated prompts to create a sense of time and move students through a task with prompts.
Finally, providing reflection activities with rubrics has been shown to reveal behavior
patterns and aid students in improving their time management skills (Meltzer, 2010).
Working memory. “Having strategies to remember information is imperative for
automatic math recall, memorizing the order of operation, and remembering the overall
steps to the problem-solving process. This can be even more important for students with
deficits in EF skills” (Roditi & Steinberg, 2007, p. 239). A variety of multisensory
strategies is helpful for students with deficits in EF that can help them to bypass their
learning and sensory problems. As with organization, strategies to increase working
memory are numerous. Many of the strategies can be categorized into three large groups:
verbal strategies, visual strategies, and tactile strategies (strategies that utilize
manipulatives).
Verbal strategies are the most commonly used strategy in a conventional math
class. Teachers have provided students with acronyms or mnemonics such as
“PEMDAS,” which was designed to help students remember the order of operation over
the years. Although this strategy has been used in traditional classrooms with students
without deficits in EF, this type of verbal strategy is instrumental in helping students to
remember the important steps and details that can make a difference in their performance
(Roditi & Steinberg, 2007). The acronyms themselves are not the key; they must be
coupled with a sequence of steps, thereby helping students to remember the sequence.
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For some students, simply verbalizing math examples and procedures can greatly help
remove obstacles to success in the math classroom (Garnett, 1998).
With the transition to the CCSM and SMP, greater emphasis is placed on students
being able to articulate the process of arriving at an answer. One manifestation of this
change is that students must be able to represent their thinking visually. One benefit of
this standards evolution is that the CCSM and SMP encourage the use of visual
strategies—strategies that students with a weakness in EF are also encouraged to use. The
math strategy notebook mentioned above to support organization is also a strong tool to
encourage recoding strategies. This process helps to enhance conceptual understanding,
attention, and memory, and can assist students in the process of bypassing long-term
memory problems (Meltzer, 2010).
Drawing a picture, an array, or a model is another strategy shown to help students
to focus on one representation that encompasses multiple math concepts. Students can be
taught to recall the model to gain access to the parts of the whole. This strategy is one of
the expectations of the SMP. Through the development of this strategy, students are
gaining the skills they need to unlock the SMP.
Tactile strategies are the third strategy group effective in developing working
memory. One way to incorporate this is the use of manipulatives within the lesson or
task. Using manipulatives to first introduce a complex task or abstract concept provides
students with a visual representation to which to tie the concept. Additionally, this
strategy activates the learning style of students who learn better by doing. Numerous
manipulatives are available; base 10 blocks, tangrams, fraction squares, threedimensional number lines are just a few tools that students can be taught to utilize.
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Additional strategies identified to increase working memory are as follows:
•

Create automaticity in routines and practice;

•

Provide pictures to prompt memory;

•

Provide signs like an arrow

•

Color coding to indicate beginning and end of each step (green = beginning,

to prompt next steps;

red = end within a task);
•

Provide examples of completed assignments;

•

Chunk information;

•

Present only one or two steps in directions at a time;

•

Encourage focusing on one thing at a time;

•

Auditory signals to cues reflection; and

•

Homework designed to practice only one skill.

To support literature connections:
•

Create scripts for students to use during group work and classroom
presentations;

•

Chunk reading with visual cues to stop;

•

Include reflection questions at stop prompt to encourage reflection on what
was read;

•

Vary question type/structure; and

•

Verbally record answers/reflections instead of taking notes.

Metacognition. Metacognition involves knowing about thinking and knowing
about how to employ EF processes to regulate thinking (Corno, 2000). In a
comprehensive metacognition instructional program, researchers found that two key
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components were grounded in historical practice that were central to their model: direct
teaching with modeling and opportunities for student practice (Duffy, 2003). Research
has shown that practice is the central piece in the development of metacognition because
it allows students to recognize the strategies they are using, determine if they are
appropriate, and create an opportunity to determine if they are transferable. Corno (2000)
identified five aspects of an effective instructional model, which are presented in Table 7.

Table 7
Five Aspects of an Effective Metacognition Instructional Model (Corno, 2001)
Aspect

Strategies

Explaining

•

Discussing how the brain works

•
•
•
•
•
•
•
•

•
•
•

Early identification of ways to make
meaning
Model prediction
Stop and summarize
Create connections to prior knowledge
Construct mental images
Transfer load from teacher to student
Monitor and share understanding
Explicit instruction on health habits of the
mind
Components of good thinking involve:
control of one’s thinking, utilization of a
thinking process, and reflection to determine
when thinking is working well or not
Recognize the importance of self-efficacy
and goals
Develop a growth mindset to see failures as
opportunities
Highlight that learning is progressive and
allows the next associated content to be
easier to learn
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Table 7 (continued)
Aspect
Modeling self-talk

Orchestrating self-assessment
Encouraging students to monitor
and control person, situation,
task, and text variables

Strategies
•

•
•
•
•
•
•
•
•

Students are encouraged to talk to
themselves though problem-solving
processes, “Does this response I just wrote
make sense?”
Students are taught to self-reinforce
Discuss progress towards goals with teacher
Assess strengths and growth areas
Highlighting strategies for impulse control
Monitoring every active response by student
to keep inattentive students involved
Create checklist of desired behaviors
Foster belief in students’ abilities and
impending abilities
Encourage willful self-regulation

Behavioral
Response inhibition. Students who are eager to respond to a question in class or
who push past classmates to get to the front of the line could appear to be exhibiting
normal behavior. However, if the pattern of behavior is such that students have an
inability to control such behavior, they may have EF deficits in response inhibition.
Students with this deficit may act on impulse and do not have the ability to delay or
inhibit their responses. Often these students are perceived as impulsive. These students
need strategies to teach them how to disinhibit, and some researchers refer to this as
teaching replacement behaviors. A process for teaching replacement behaviors is as
follows:
1. Identify the skill that needs to be worked on and why;
2. Explain the process and expectation of the replacement behavior (skill) to the
students and have them practice;
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3. When appropriate, cue the students to use the replacement skill; and
4. Provide immediate reinforcement for use of replacement behavior.
Emotional control. Students’ ability to regulate their own emotions and emotiondriven behavior is an important factor that contributes to effective learning in a classroom
environment (Brooks, 1999). To be successful in a learning environment, students must
show that they can exhibit emotional control. Students with deficits in this area may
respond inappropriately to situations, which in turn has a negative impact on the learning
environment. These responses can fall within positive or negative ranges, and students
with deficits in emotional control can feel that their emotions are operating almost on a
pendulum, with wide and varied swings in behavior. A strategy that teachers can use to
support students who may exhibit a loss of emotional control when completing work is to
conduct an error analysis of past work. This allows teacher to identify areas of difficulty
and provide supportive prompts as well as scaffolded problems (include prerequisite
skills). In doing so, the teacher anticipates problems or situations that could prompt an
emotional response and help the students to prepare for it.
Sustained attention. To help students maintain attention, research has shown that
dividing the tasks into smaller chunks for students is helpful. The most effective
implementation of this strategy requires teachers to do a task analysis of each task or
assignment. During this process, the teacher chunks the assignment for the students
according to like tasks. A parallel strategy requires the teacher to include strategically
placed boxes on work and assignments to cue the students (Stein, Kinder, Silbert, &
Carnine, 2005). These also can create visual indicators where students are to stop and/or
indicate competition. Students may be asked to cross off the visual indicator or flip a card
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as each task is completed. Dividing the work into smaller phases provides the students
with markers that indicate success on smaller tasks and encourage completion of the
larger tasks (Lee, Lylo, Vostal, & Hua, 2012). These physical or visual markers can also
inform the teacher of the level of completion.
When the teacher conducts a task analysis, it allows them to see how many
precise steps are required to complete the task, which then helps them determine the
cognitive demand of the task as well as which problems should be targeted for problem
mastery (Stockall, 2017). Task analysis can also support the strategy of providing
students with three simple tasks, and then one complex task to lead them towards
mastery. As a student becomes more proficient with the content, the teacher can adjust
the ratio of simple to complex tasks. Finally, researchers have found that teachers often
used token reinforcers to support these strategies. Students were provided with a “first…
then” model. First, student complete three tasks, which are tracked and recorded utilizing
check boxes. For every three boxes that are checked, they earn one token. Once the
students earns five tokens, they receive the reinforcer (Dawson & Guare, 2010).
Additional strategies identified to increase sustained attention are as follows:
•

Limit the number of problems;

•

Use technology;

•

Create a menu of options that student can choose from;

•

Provide verbal prompts to increase or foster engagement: “Are you
remembering to include your summary of your thinking in your math
journal?”; and

•

Teacher builds lessons around topics of interest.
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Task initiation. Students with a deficit in EF often lack the ability to use their
inner speech to guide their behavior (Barkley, 2012), making it difficult to determine
where to begin. Whether studying for tests, preparing for a long-term project, or just
completing homework, students benefit from strategies that initially closely involve the
teacher in the planning and execution process. To aid in this process, Dawson and Guare
(2010) developed two resources: Tools for Studying Form and the Project-Planning
Sheet. Once completed with the teacher, these provide the guidance and support students
need to initiate a task.
Another strategy that can support the development of task initiation is selfmonitoring by students. Self-monitoring consists of a process where students observe,
record, and track their own on/off task behavior, which the literature suggests can
enhance academic production (Stockall, 2017). Self-monitoring is often used in tandem
with other strategies identified to increase EF.
Flexibility. “One way to promote flexible thinking is to expose students to
multiple representations of mathematical concepts and procedures,” according to Roditi
and Steinberg (2007, p. 248). Some of these involve the following:
•

Use manipulatives and visual maps for problem solving;

•

Create a personalized checklist of previous errors (“Have I checked the signs
before calculating?”);

•

Circle all signs in the math problems with a correlating color; answer all like
color problems at one time; then move to the next color/problem type;

•

Construct project plan with timelines (break projects into bits), which
identifies deliverables at each stage; and
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•

Limit the number of sentences or problems in the math homework (how much
is enough).

To support literature connections:
•

M & M strategy: Recognize and analyze multi-meaning words, phrases, and
sentences (Meltzer, 2010);

•

Use context clues to shift back and forth between the main ideas and the
details (Meltzer, 2010); and

•

Personalized study plans.

Goal-directed persistence. The first step in goal-directed persistence is the
student having a goal. For younger students, the goal is often generated and monitored by
the teacher. Regardless of the age of the student, the goal needs to be lofty enough that
the student needs to work towards reaching it, yet near enough that the student can persist
to reach the goal. This does not imply that students cannot have distant goals, but it does
assume that there are markers or smaller goals or objectives which lead them towards the
larger goal. This practice of chunking the goal ensures that students can identify concrete
progress and reflect on their success along the way (Boaler, 2015). Initially, younger
students need to be able to reach their goals in a short period of time. As they develop
their skills, they should be able to extend the scope of their goal. There are numerous
goal-setting templates to use in the development of this area.
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Chapter III
RESEARCH METHODOLOGY

Purpose of the Study
The purpose of this study was to research, develop, test, and validate the
manual, Unlocking the Eight Standards for Mathematical Practice for Students with
Mathematical Learning Disabilities and Cognitive Deficits in Executive Functioning.
This manual was designed to provide the district’s special education department directors
and facilitators, math directors and facilitators, principals, and K-5 general and special
education math teachers with resources to increase executive functioning (EF) skills in an
elementary special education math class. The use of the skills and strategies to support
and develop EF will facilitate the increased use of the Standards for Mathematical
Practice (SMP) by identifying strategies to improve the conceptual understanding of
mathematics, resulting in increased mathematical achievement. The researcher chose a
mixed-method research design in order to consider the historical research on the IDEA
and students with disabilities as well as research on sample populations compiled in the
field of MLD and executive functioning, while adding to the limited body of research on
the implementation of SMP with K-5 students with a mathematical learning disability
(MLD) who are identified as having a cognitive deficit in EF.
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Research Design
According to Schreiber and Asner-Self (2011), a mixed-method research study is
a composite of basic data types and methodologies. For this study, a composite of a
qualitative and pre-experimental research design was used since the beginning of the
study to examine a group of participants (Schreiber, 2011). The process as outlined by
Schreiber and Asner-Self starts with the research questions; the researchers stressed that
this should be the compass rose for the work.
Specifically, the following questions guided the research:
1. Of the 11 identified executive functioning skills, which are the perceived
deficiencies of students with mathematical learning disabilities and deficits in
executive functioning?
2. What tools and resources are needed to support and develop executive
functioning skills in relation to the Standards for Mathematical Practices for
K-5 special education teachers to improve K-5 MLD students who have been
identified as having a cognitive deficit in executive functioning performance?
The research questions led to the description analysis and interpretation which
drove the literature review. The questions also determined the research design model and
helped to determine the study participants. Once the study participants were identified
and the literature review was completed, the researcher compiled the manual. The initial
draft was submitted to participants, who were then surveyed for feedback. The researcher
made revisions based on participant responses and presented the manual to a focus group
to determine if it was valid and met the outcomes/hypothesis of the study. The data were
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collected and compiled for the final phase of analysis, and the findings were presented
along with the limitations and recommendations, followed by a brief discussion.
All aspects of the research methodology used in this mixed-method research study
are reported in this chapter. The following areas are considered: (a) research design,
(b) participants, (c) data collection methods and instruments, (d) procedures, and (e) data
analysis. Since the manual can be classified as an educational product, the research and
design methodology, as introduced by Borg and Gall (Gall, Borg, & Gall, 1996), was
considered, but the structure was found to be too comprehensive for the study’s needs.
Participants
Participants were selected using criterion-based sampling. They consisted of
district and building administrators within and outside of Everett School District (ESD),
which is located in the northwest United States. Administrators at the district level serve
in the capacity of directors of early learning, special services and math, facilitators or
instructional coaches for teachers in special services and the math department, school
principals, and assistant superintendents, and school board members. General education
math teachers, special education math teachers in an elementary setting who teach K-5
students with MLD, and experts in the field of math and executive functioning were also
invited to participate. The criteria for selection of the participants were: (a) knowledge of
content area, (b) knowledge of executive functions and executive functioning skills,
(c) contribution to the support of elementary special education students in a math class,
(d) a vested interest in ensuring access to SMP for students with a MLD, and (e)
administrative participants’ capacity to impact instruction at a building or district level.
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The researcher used six methods of recruiting participants:
1. Attendees of the district special services department facilitators and directors
meeting were personally invited to complete the demographic and needs
assessment survey.
2. EPS elementary principals were addressed at a monthly principal (Kiltz,
Danzig, & Szecsy, 2004) meeting and invited to complete the Executive
Function Development Needs Assessment Survey (EFDNA).
3. General and special education elementary math teacher leaders, who serve as
members of the elementary math leadership team, were addressed at a
monthly meeting and invited to complete the EFDNA.
4. Email invitations were sent to all elementary special education K-5 teachers
who teach K-5 MLD students, asking them to complete the EFDNA.
5. Email invitations were sent to district and school leaders from across the
United States, asking them to complete the EFDNA.
6. Email invitations were sent to experts in the field of mathematics or EF from
across the United States, asking them to complete the EFDNA.
All venues and communication sources were viable sources for recruiting
participants because they encompassed the target audience who would utilize the tool to
plan and/or support instruction. In total, this group was comprised of approximately 55
people. The sample met the minimum requirement to maintain the validity of the study
and confirm the findings that developed.

70

Data Collection Methods and Instrumentation
Potential participants completed one online survey (Appendix B) and selected
participants completed two online surveys (Appendices B and C). Potential participants
completed the Executive Function Development Needs Assessment Survey (EFDNA,
2017). Selected participants completed the Unlocking the Eight Standards for
Mathematical Practice Evaluation Survey (2017), based on their review of the manual.
The data were collected to address the usefulness and viability of the manual, Unlocking
the Eight Standards for Mathematical Practice for Students with Mathematical Learning
Disabilities and Cognitive Deficits in Executive Functioning (Unlocking the Eight
Standards for Mathematical Practice, 2017).
Executive Function Development Needs Assessment Survey (EFDNA)
The EFDNA Survey (2017) was used to collect the demographic data and the
needs assessment for a manual designed to support and develop the use of strategies to
foster EF skills when utilizing the SMP. The survey is comprised of a 24-item, mixedsurvey instrument that includes 5-point Likert-type survey questions as well as openended response questions. The 5-point Likert-type survey questions ask participants to
respond to two different sentence stems. The responses to these stems impacted the
content of the manual according to indicated importance of identified skill.
The demographic questions asked were 22 closed-ended questions with multiplechoice single responses. However, research has indicated that closed-ended questions can
prove frustrating to participants because they can exclude a desired response (Boynton &
Greenhalgh, 2004). The researcher chose to use this question format because the
questions were intended to capture the profile of potential participants through the
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identification of their age group, gender, ethnicity, education, professional role,
experience in the field, region of influence, and size of schools.
The survey is as follows:
1. Name
2. Email address
3. Age: Which group best describes your age?
a. 21-25
b. 26-30
c. 31-35
d. 36-40
e. 41-45
f. 46-50
g. 51 and older
4. Gender: What is your gender?
a. Female
b. Male
c. Prefer not to say
d. Other
5. What is your race/ethnicity: How do you describe yourself?
a. American Indian or Alaska Native
b. Asian or Asian American
c. Hawaiian or Other Pacific Islander
d. Hispanic or Latino
e. Non-Hispanic White
f. More than one race
g. Unknown or not reported
h. Declined to answer
6. Education: What is the highest grade or year of school you completed?
a. Bachelor’s degree
b. Master’s degree
c. Doctoral degree
d. Professional degree (MD, JD, etc.)
e. Other
7. Which of the following best describes your current role?
a. Superintendent
b. Principal
c. Assistant Principal
d. Supervisor/Education Administrator/Director
e. Special Education Teacher
f. General Education Teacher
g. Expert in the field
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8. How long have you been in your current role?
a. 1 year
b. 2-3 years
c. 4-6 years
d. 7-10 years
e. More than 10 years
9. In which region do you work?
a. Central
b. North
c. South
d. All of the above
e. Outside of Everett Public Schools
10. What is the size of your school?
a. Under 300 students
b. More than 300 students but less than 500 students
c. More than 500 students but less than 700 students
d. More than 700 students but less than 1,000
e. N/A
11. Do you work in elementary math classroom(s) with students identified as
having a mathematical learning disability?
a. Yes
b. No
c. Not sure
12. Do you work in elementary math classroom(s) with students identified as
having a deficit in executive functioning?
a. Yes
b. No
c. Not sure
The following questions assessed the participants’ knowledge of EF strategies in
relation to math instruction and knowledge of the characteristics of the target population
(MLD students with a deficit in EF).
13. On a scale of 1 to 5, with 1 representing no knowledge of executive
functioning strategies to used relation to math instruction, and 5 representing a
deep knowledge of executive functioning strategies in relation to math
instruction; how knowledgeable are you of executive functioning strategies in
relation to math instruction?
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For item 14, participants rated 11 EF skills, responding to this question for each
discrete skill:
14. Considering your professional experience and understanding of executive
functioning skills, please rate on a scale of 1 to 5, with 1 representing the
executive functioning skills least required and 5 representing the executive
functioning skills most required to access the Standards for Mathematical
Practice.
For item 15, participants were asked to select which of the EF skills were the
perceived deficiencies of students with MLD and deficits in EF.
15. Of the 11 identified executive functioning skills, which are the perceived
deficiencies of students with mathematical learning disabilities and deficits in
executive functioning?
These 11 areas were selected because research showed that for the CCSM and
SMP, students need to have the ability to access and effectively use skills in both the
cognitive and behavioral areas. However, the research did not indicate which of the 11
skills are perceived as the most detrimental deficiency for accessing the SMP, in the
absence of research specifically aligned with the SMP.
Unlocking the Eight Standards for Mathematical Practice Evaluation Survey
The Unlocking the Eight Standards for Mathematical Practice Evaluation Survey
(2017) was used to collect feedback on the manual, Unlocking the Eight Standards for
Mathematical Practice for Students with Mathematical Learning Disabilities and
Cognitive Deficits in Executive Functioning. The survey is comprised of a 16-item,
mixed-survey instrument that includes 3- and 4-point Likert-type survey questions as
well as open-ended response questions. The 4-point Likert-type survey questions ask
participants to respond to two of the following sentence stems:
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1) “For the statements below, please indicate the degree of effectiveness.”
Each item was placed on a 4-point Likert-type scale ranging from 1) Excellent, 2) Good
3) Needs Improvement, and 4) Not applicable. The five areas in each of the four sections
that participants were asked to assess with this scale were the following:
•

covered useful material,

•

practical for the role that I serve,

•

well organized,

•

content relevant and appropriate, and

•

clarity of the materials presented.

The 3-point Likert-type survey questions asked participants to respond to two of the
following sentence stems:
2) What is the “Overall Rating for Section ____?”
Each item was placed on a 3-point Likert-type rating scale ranging from
1) Excellent, 2) Good, and 3) Needs Improvement. This format was selected because
Passmore, Dobbie, Parchman, and Tysinger (2002) suggested that the Likert-type scale
is familiar to respondents and it lends itself well to measuring constructs like attitudes”
(p. 284).
As validity in survey construction must be addressed, the researcher adapted an
existing survey instrument developed by Curtis-Bey in her 2013 dissertation School
Leaders’ Guide to Elementary Mathematics, with the author’s permission. Curtis-Bey’s
survey mirrors research and development surveys, which are used to garner responses
and determine effectiveness and/or satisfaction with new products or services.
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Since the manual was in the product development state, the researcher chose to
include open-ended responses to provide opportunity to garner individual specific
feedback (Boynton & Greenhalgh, 2004). Fink (2003) suggested that “an open-ended
question set that is particularly appropriate for determining satisfaction involves the
collection of information about what people liked best and liked least” (p. 17). The
researcher chose to substitute the verbiage of what was most useful/effective and what
could be improved upon instead of what was liked best or least. The researcher used
responses from this survey to determine potential participants for the focus group based
on the breadth and depth of feedback, through responses garnered from the survey.
To ensure that the survey was aligned with the research questions, the researcher
created a matrix to highlight the direct relationship between the research questions and
areas assessed on the survey.
Table 8
Research Questions Matrix
Research Questions

Sections Assessed

What are the perceived
deficiencies of students with
mathematical learning
disabilities and deficits in
executive functioning?

1.

What tools and resources are
needed to support and develop
executive functioning skills in
relation to the Standards for
Mathematical Practices for K-5
special education teachers to
improve K-5 MLD students,
identified as having a cognitive
deficit in executive functioning?

1.

2.

2.

Areas to Assess for
Each Section

The Standards for
Mathematical Practice
Introduction and Executive
Functioning

1.
2.

Increasing Executive
Functioning During
Instruction: Routines and
Strategies for Executive
Skill Development in an
Elementary Special
Education Math Class
Case Studies and
Conclusions

5.

3.
4.

6.

7.

Covered useful materials
Practical for the role that
I serve
Well organized
Content relevant and
appropriate
Clarity of the materials
presented
What part(s) of this
section was/were most
useful/effective?
What part(s) of this
section could I improve
upon? Overall Quality
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Focus Group
The researcher utilized the New Product Development Focus Group Technique
(Greenbaum, 1998) with a group of eight participants selected from participants who
complete the Unlocking survey which provided the initial feedback on the manual. These
eight individuals were invited to opt into the focus group and represent each participant
group initially surveyed. They were provided with a copy of the revised manual,
Unlocking the Eight Standards for Mathematical Practice for Students with a
Mathematical Learning Disability and Cognitive Deficits in Executive Functioning
(Unlocking the Eight Standards for Mathematical Practice, 2017). The revised manual
was based on feedback from the online survey.
The focus group was asked to review updates and provide feedback on the
updated manual. The focus group was led by a moderator and lasted 76 minutes. The
researcher served as the moderator because the recruited moderator from the leadership
team of special services at EPS canceled just before the start time. The moderator was
knowledgeable about the content reviewed as well as the process of moderating
(Greenbaum, 1998). There was only one focus group session, although Greenbaum
suggested there should be at least two moderated sessions to glean the most
comprehensive feedback. Since initial feedback on the manual was conducted through the
Unlocking survey, the researcher decided to have only one focus group. The moderator
facilitated the conversation according to the guidelines outlined in the Focus Group
Moderator’s Discussion Guide (Appendix F). One additional person supported the focus
group process—a notetaker to capture the discussion. The researcher created a recording
of the focus group to validate the notes documenting the focus group session.
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The questions below were used to guide the discussion and garner feedback from
the group. This feedback was utilized to inform and revise the manual, Unlocking the
Eight Standards for Mathematical Practice for Students with a Mathematical Learning
Disability and Cognitive Deficits in Executive Functioning.
1. What aspects of the manual worked well?
2.

What aspects of the manual need to be improved?

3. What are your suggestions for improvement?
4. Will the strategies presented in the manual increase EF to facilitate students’
access to the SMP?
5. Are there particular EF strategies that should be targeted to support access to
the SMP?
6. Are the strategies able to be generalized across the SMP?
7. Does the time required to teach the EF strategies affect the instructional
pacing of the class?
The Manual
The manual, Unlocking the Eight Standards for Mathematical Practice for
Students with Mathematical Learning Disabilities and Cognitive Deficits in Executive
Functioning, focuses on the development of executive functioning skills in an academic
setting, which is a fast-growing field. Most of the resources currently available are
designed to address needs and gaps related to reading, writing, and organizational
challenges. To date, no books or resources have been designed specifically to target
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students with MLD and a deficit in EF. Although some resources reference how to
address EF in a math lesson, none of them target the SMP.
Recognizing that the new CCSM coupled with the requirements of the IDEA
expect all students to have access to and utilize the CCSM which include the SMP, this
researcher believes that a tool needs to be developed to support this process. As a former
special education teacher and administrator, she has observed numerous special education
math lessons that solely focused on computation skills. These lessons avoided problem
solving, higher-order thinking skills, exploratory learning, and group work. Too many
times has she observed students sitting through lessons that promoted rote learning
because the research supported explicit/direct instruction for students identified with the
classification of SLD, or because teachers and students did not have the requisite skills to
engage in more complex lesson structures.
This researcher contends that if school and district administrators had a concrete
tool to use with teachers and outlined strategies teachers could use to develop and teach
specific EF skills and strategies aligned with the SMP, then students with MLD would be
able to access the SMP to achieve higher levels on the SMC. Since a manual of this type
did not exist, the researcher created it as a viable tool for addressing this need area.
Feedback from EPS administrators (directors, facilitators, principals), K-5 general and
special education teachers, as well as experts in the field who are knowledgeable about
EF and the requirements of the SPM as identified through the EDNAS (2017) informed
the manual content and design process. To determine the usefulness and viability of the
manual, the researcher used a non-probabilistic, purposeful sample to reach participants
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who would have knowledge of the target audience and the information covered in the
manual (Greenbaum, 1998).
Procedures
Recruitment and data collection were conducted over a 40-week period. Once
permission was provided from the Everett Public Schools District and the Institutional
Review Board (IRB) of Columbia University, Teachers College, the following strategies
were utilized to recruit participants.
● During one of the special services bimonthly district facilitator meetings, the
researcher provided an overview of the project in a presentation to the special
services department facilitators. At that time, directors and facilitators were
invited to complete the EFDNA survey via Survey Monkey for the researcher.
● During one of the Instructional Leadership Team (Kiltz et al., 2004) meetings,
principals were provided with an overview of the research project and invited
to complete the demographic and needs assessment EFDNA survey via
Survey Monkey. Interested individuals were asked to record their names on an
“interest in participation form.” Additionally, they were asked to sign a
consent form (Appendix E) at that time, indicating they were aware of the
purpose of the study, they knew their participation was strictly voluntary, and
they were not forced to participate in any way.
● During one of the Elementary Math Instructional Leadership Team meetings,
teacher leaders were provided with an overview of the research project and
invited to complete the demographic and needs assessment EFDNA survey.

80
Interested individuals were asked to record their name on an “interest in
participation form.” Additionally, they were asked to sign a consent form
(Appendix E) at that time, indicating that they were aware of the purpose of
the study, they knew their participation was strictly voluntary, and they were
not forced to participate in any way.
● Simultaneously, email invitations were sent to math directors and math
specialists asking them to complete the EFDNA survey. The email included a
description of the research overview and a link to the EFDNA survey via
Survey Monkey. Consent to participate was implicit for any participant who
was recruited electronically.
● Simultaneously, email invitations were sent to experts in the field asking them
to complete the EFDNA survey. The email included a description of the
research overview and a link to the EFDNA survey via Survey Monkey.
Consent to participate was implicit for any participant who was recruited
electronically.
● Finally, email invitations were sent to all elementary special education K-5
teachers who taught MLD students asking them to complete the EFDNA
survey. The email included a description of the research overview and a link
to the EFDNA survey via Survey Monkey. Again, consent to participate was
implicit for any participant who was recruited electronically.
The following information was provided to potential participants through written
and electronic means.
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•

The purpose of this study is to research, develop, test, and validate the
manual, Unlocking the Eight Standards for Mathematical Practice for
Students with Mathematical Learning Disabilities and Cognitive Deficits in
Executive Functioning. This manual is designed to provide the district special
education department facilitators, school principals, and K-5 special education
math teachers resources to increase executive functioning skills in elementary
math classes. The use of the skills and strategies to support executive
functioning will facilitate the increased use of the SMP by identified students
to improve the conceptual understanding of mathematics, resulting in
increased mathematical achievement.

● Participation is voluntary and there is no obligation, contractual or through
any other means, to require participation.
● There is no financial or tangible incentive for participating in the research
project. However, participants may find the resources reviewed beneficial to
their academic setting.
● Interested individuals who are recruited in person will be asked to record their
name on an “interest in participation form.” Additionally, they will be asked
to sign a consent form at that time to indicate that they are aware of the
purpose of the study, their participation is strictly voluntary, and they were not
forced to participate in any way.
● All potential participants will complete the Executive Function Development
Needs Assessment Survey (EFDNA, 2017), which should take about 15
minutes to complete.
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● All participants who complete the EFDNA will be invited to review the
manual. This review should take about 45 minutes to 1 hour. They will then
be asked to provide feedback through the Unlocking the Eight Standards for
Mathematical Practice Evaluation Survey (2017) on Survey Monkey, which
should take about 20 to 30 minutes to complete.
● Results from the Unlocking the Eight Standards for Mathematical Practice
Evaluation Survey (2017) will be used to select 8-10 participants to review the
revisions and provide additional feedback in a focus group based on revisions
conducted after the initial Evaluation Survey.
● Contact information for the researcher and the faculty sponsor will be
included in the consent form (Appendix E) so participants have access to both
parties as needed throughout the research process.
Once the EFDNA (2017) survey window was closed, the researcher compiled the
data and invited the participants to review the manual. Similarly, once the second survey
window closed, the researcher compiled feedback from the group and completed initial
revisions to the manual. Participant data from the survey were compiled and used to
determine participants for the focus group.
The researcher utilized the New Product Development Focus Group Technique
(Greenbaum, 1998) with a group of 8 participants, selected from those who completed
the Unlocking Survey (2017) and provided initial feedback on the manual. These 8
individuals opted into the focus group and represented each participant group initially
surveyed. These individuals were provided with a copy of the revised manual through
email. The revised manual was based on feedback from the online Unlocking Survey.
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The focus group was asked to review updates and provide feedback on an updated
manual. A moderator led the focus group which lasted 79 minutes and facilitated the
conversation according to guidelines articulated in the Focus Group Moderator’s
Discussion Guide (Appendix F).
Data Analysis
To determine the aggregate data from the EFDNA and the Unlocking the Eight
Standards for Mathematical Practice Evaluation Survey (2017), the researcher used two
different methods to collect and organize these data. Initially, the data were collected
through a third-party survey software (surveymonkey.com), which captures responses
and facilitates initial coding by the researcher. Compiled survey data were entered into
the Statistical Package for the Social Sciences (SPSS) to assess the responses provided by
participants. The most up-to-date version of the software was accessed through Google
Chrome on Microsoft Windows 10. These data were examined using both descriptive and
inferential statistics because there were both open and closed responses.
Improvements to each section of the manual were made based on feedback from
participants, according to the following guidelines. For the closed-response questions,
improvements were based on the total number of responses in each of the four areas.
For example, if 60 participants responded to “Introduction and Section 1: Executive
Functioning, question 1: Covers useful material,” and 15 of them rated the section
“Needs Improvement,” then 25% of the respondents indicated that this area needed
improvement. The researcher ranked each section with “Needs Improvement” from
greatest to least and targeted the highest need areas for review and revision. For the open-
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response questions, improvements were based on the themes and trends gathered from
the feedback in both areas. The overall ratings of each section provided the researcher
with a holistic view of participants’ perceptions of the section and were considered a
determinate factor if multiple sections had the same percentage of “Needs Improvement.”
To determine the aggregate data from the open-ended responses on the surveys
and focus group responses, the researcher used NVivo11 Pro software developed by QSR
International to collect and organize these data. NVivo is a software program that
supports qualitative and mixed-methods research. It was designed to help researchers
organize, analyze, and find insights in unstructured or qualitative data like interviews and
open-ended survey responses (QSR International, 2017). During the focus group, data
were collected through the use of audio recording and a notetaker who captured the
responses of participants and facilitated the researcher’s initial coding. Compiled data
were entered into NVivo11 Pro to assess participants’ responses. The most up-to-date
version of the software was accessed through Google Chrome on Microsoft Windows 10.
These data were examined using both descriptive and inferential statistics since there
were open responses.
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Chapter IV
RESULTS

This chapter includes the presentation and analysis of the results, which centered
on the two main research questions of this study. The objective of the study was the
validation of the manual, Unlocking the Eight Standards for Mathematical Practice for
Students With Mathematical Learning Disabilities and Cognitive Deficits in Executive
Functioning. The approach to validating the manual involved the use of mixed-methods,
in which descriptive and inferential statistics measured frequencies and measures of
central tendency and variance, and tested the statistical significance of the difference in
responses for four factors between the beginning and end of data collection. Focus group
data and qualitative data from survey responses were instrumental in understanding
whether additional changes were required for the manual.
The first research question was “Of the 11 identified executive functioning skills,
which are the perceived deficiencies of students with mathematical learning disabilities
(MLD) and deficits in executive functioning?” The second research question was “What
tools and resources are needed to support and develop executive functioning skills in
relation to the SMPs for K-5 special education teachers to improve K-5 MLD students
who have been identified as having a cognitive deficit in executive functioning
performance?” Descriptive statistics relating to findings from the survey data and
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inferential testing via a one-way ANOVA are presented as they relate to each research
question. NVivo was utilized to analyze the focus group data. Word frequency queries
were used with each question. The frequencies included word generalizability. Weighted
percentages were reported for most common words used for each question to understand
common thoughts between respondents. Each of these research questions is discussed
individually below, according to survey and focus group responses. Based on these
results, issues pertaining to evaluating the existing manual and recommended changes for
the manual are presented. This chapter concludes with a summary and an outline of key
points.
Perceived Deficiencies of Students With Mathematical Learning Disabilities
and Deficits in Executive Functioning
The first research question pertained to the perceived deficiencies of students with
mathematical learning disabilities and deficits in executive functioning. This section is
divided into the following sub-sections: profile characteristics of EFDNA survey
respondents, required executive functioning skills, knowledge of executive functioning
skills, and deficiencies of students with executive functioning deficits. Qualitative and
quantitative data are integrated into the discussion of this research question.
Profile Characteristics of EFDNA Survey Respondents
The 11 executive functioning skills were explored to understand which were
deficiencies among students with MLD and deficits in executive functioning. The
EFDNA survey tool was used to collect data from education professionals through
SurveyMonkey. Fifty-four participants responded to the survey. The descriptive findings
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in Table 9 are frequencies and percentages of profile characteristics of respondents.
These findings were illustrative of 10 different characteristics of the sample. The findings
in Table 9 also demonstrate representation from educators in several different roles in the
school, namely: administrators such as principals (20.4%), assistant principals (7.4%),
and supervisors (16.7%), and faculty such as special education (27.8%) and general
education teachers (14.8%). A high level of education was present in the findings, with
85.2% of participants holding a Master’s or Doctoral degree. Further, 13% of respondents
were experts in the field of education and did not report fitting into other categories.
Educators who were female appeared to outnumber men at a rate of 8:1 in the survey
responses (Male, Frequency = 6; Female, Frequency = 48). The range in age frequencies
of respondents was 16.6% between the lowest age range (26-30 years old, 9.3%) and the
highest (50+ years old, 25.9%). The interpretation of these findings was that women
strongly outweighed men in representation; White non-Hispanics and African Americans
strongly outnumbered other groups at 81.5%; educators from several different areas of
education were represented in the sample; and based on the participants’ age range, there
was only a 14.8% difference in the frequency of participants under 40 and those over 40.
The age of 40 was determined to be the point between young and old because it was the
midpoint in responses. While the level of education, ethnicity, and gender appeared to be
unbalanced, other factors seemed to have balance.
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Table 9
Profile Characteristics of EFDNA Survey Respondents
Profile Characteristic
Gender
Age

Race/Ethnicity

Education
Current Role

Length in Current Role

District Region

Size of School

Work with Disabled Students
Work with Students with
Executive Functioning Deficit

Frequency (Percentage)
• Male: 6 (11.1%)
• Female: 48 (88.9%)
• 26-30: 5(9.3%)
• 31-35: 10 (18.5%)
• 36-40: 8 (14.8%)
• 41-45: 6 (11.1%)
• 46-50: 11 (20.4%)
• 50+: 14 (25.9%)
• African American: 17 (31.5%)
• Non-Hispanic White: 27 (50%)
• Asian or Asian American: 3 (5.6%)
• Hispanic or Latino: 2 (3.7%)
• Hawaiian or Other Pacific Islander: 1 (1.9%)
• More than One Race: 2 (3.7%)
• Decline to Answer: 2 (3.7%)
• Bachelor’s Degree: 8 (14.8%)
• Master’s Degree: 39 (72.2%)
• Doctoral Degree: 7 (13.0%).
• Principal: 11 (20.4%)
• Assistant Principal: 4 (7.4%)
• Supervisor: 9 (16.7%)
• Special Education: 15 (27.8%)
• General Education: 8 (14.8%)
• Expert in the Field: 7 (13.0%).
• 1 year: 14 (25.9%)
• 2-3 years: 15 (27.8%)
• 4-6 years: 8 (14.8%)
• 7-10 years: 8 (14.8%)
• 10+ years: 9 (16.7%)
• Central: 4 (7.4%)
• North: 15 (27.8%)
• South: 15 (27.8%)
• All of the Above: 3 (5.6%)
• Outside of District: 17 (31.5%)
• <300 Students: 4 (7.4%)
• 301-500 Students: 12 (22.2%)
• 501-700 Students: 13 (24.1%)
• 701-1000 Students: 11 (20.4%)
• >1000 Students: 14 (25.9%)
Yes: 28 (51.9%)
No: 23 (42.6%)
Prefer Not to Say: 3 (5.6%)
Yes: 26 (48.1%)
No: 21 (38.9%)
Prefer Not to Say: 7 (13%)
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The profile characteristics also included findings related to participants’
experience with students with MLD. In addition to 27.8% of respondents reporting that
their work role was in special education, 51.9% stated that they worked with students
with MLD and 48.1% noted that they worked with students who had a deficit in
executive functioning. There was tremendous overlap between the participants who
worked with students with MLD and those who worked with students with MLD with an
executive function deficit. Of the 26 participants who reported working with students
with a deficit in executive functioning, 92.31% also reported working students with
MLD. Further, of the 28 who reported working with students with MLD, 85.71%
reported withing with students with a deficit in executive functioning. Education
professionals who were older (40+) worked with students with MLD and with students
with a deficit in executive functioning at a greater frequency (57.14% and 53.85%,
respectively) than younger education professionals who worked with students with MLD
and students with a deficit in executive functioning. While more women worked with
students with MLD (Frequency = 24) and with students with a deficit in executive
functioning (Frequency = 22) than men (Frequency = 4 for both), the percentage of men
who worked with students with MLD and with students with a deficit in executive
functioning (66.7% for both) was greater than that of women (50% and 45.83%,
respectively). Based on these findings, women taught students with MLD and a deficit in
executive functioning more frequently than men, but at a lower rate than men. This was
likely because women outweighed the number of men in the sample, at a rate of 8:1.
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Descriptive Statistics of Required Executive Functioning Skills
Required to Access SMP
Results in the form of descriptive statistics included the first signs of what might
be the response to Research Question 1 (N = 54). The 11 executive functioning skills
were measured by the magnitude with which they are required to access the SMP. Based
on the findings in Table 10, the range of responses was 4 for all 11 identified executive
functioning skills (MIN = 1, MAX = 5). The results for skewness and kurtosis were
evidence that there was likely a normal distribution of those data and that the frequency
of scores was neither too sharp nor too skewed. The mean score for each item was an
indication of how required each executive function skill was; therefore, the skills with the
highest score were the most important ones.
Planning was rated the highest in terms of executive functions required to access
standards for practice (M = 3.98, SD = 1.07). Planning was followed by working memory
(M = 3.89, SD = 1.06), metacognition (M = 3.74, SD = 1.35), goal-oriented persistence
(M = 3.74, SD = 1.18), and sustained attention (M = 3.69, SD = 1.26). Emotional control
(M = 2.83, SD = 1.41), task initiation (M = 3.06, SD = 1.17) and flexibility (M = 3.20,
SD = 1.29) were rated the lowest in terms of mean scores. While these findings are
important for understanding the perceptions of the overall sample, when the cases from
the data are split along the lines of the status of respondents as working with students
with MLD or students with MLD and a deficit in executive functioning, the importance
of several of these skills was different, depending on their categorization. The sample
was split between respondents who worked with students with MLD or not and
respondents who worked with children with a deficit in executive functioning skill or not.
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Table 10
Measures of Central Tendency and Variance of Responses to the EFDNA Survey
N

MIN

MAX

M

SD

SKEW KURT

Planning

54.00

1.00

5.00

3.98

1.07

-1.11

1.16

Organization

54.00

1.00

5.00

3.61

1.23

-0.95

0.24

Time Management

54.00

1.00

5.00

3.22

1.25

-0.38

-0.42

Working Memory

54.00

1.00

5.00

3.89

1.06

-0.96

0.97

Metacognition

54.00

1.00

5.00

3.74

1.35

-0.85

-0.27

Response Inhibition

54.00

1.00

5.00

3.46

1.27

-0.72

-0.22

Emotional Control

54.00

1.00

5.00

2.83

1.41

-0.11

-1.22

Sustained Attention

54.00

1.00

5.00

3.69

1.26

-0.79

-0.04

Task Initiation

53.00

1.00

5.00

3.06

1.17

-0.26

-0.08

Flexibility

54.00

1.00

5.00

3.20

1.29

-0.40

-0.58

Goal -Oriented Persistence

54.00

1.00

5.00

3.74

1.18

-0.89

0.36
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A finding which was uncovered several times in the results and is illustrated in
Table 11 was that an educator’s status as working with disabled students or students with
a deficit in executive functioning skills will impact their beliefs about the importance of
the individual executive functioning skills. Responses by educators who worked with
disabled students and students who had a deficit in executive functioning were relatively
similar; however, goal-oriented persistence and working memory did exchange ranks
between teachers working with disabled students based on their mean scores for how
required they were to access the SMP (Rank = 4 and 6, respectively). For educators who
did not work with students who had a disability or a deficit in executive functioning
skills, there were several differences in ranking. Working memory and organization were
ranked 1 and 2 for both sets of educators; however, organization was ranked 3 for those
who did not work with disabled students and 4 for teachers who did not work with
students with a deficit in executive functioning. There were some profound differences,
such as goal-oriented persistence being ranked 6 among educators who did not work with
disabled students and 3 among educators who did not work with students with a deficit in
executive functioning skills. This finding was supportive of the possibility that educators’
beliefs about the importance of executive functioning skills were shaped in similar ways
based on experience with students with MLD and executive functioning skills that other
educators did not experience. Time management, task initiation, and emotional control
consistently occupied the same rank throughout (8, 10, and 11, respectively). Therefore,
based on the mean score of these factors, they were perceived as the least important by
educators in order to access the SMP, regardless of whether or not they worked with
students who had a disability or a deficit in executive functioning.

Table 11
Rankings of Importance of Executive Functioning Skill Deficit by Means

Works With Students with MLD?
Yes
No
Skill Required
M
Skill Required
Planning
4.00 Working Memory
Metacognition
3.79 Planning
Response Inhibition 3.79 Organization
Goal-Oriented
Persistence
Sustained Attention
Working Memory
Organization
Time Management
Flexibility
Task Initiation
Emotional Control

M
4.30
4.00
3.91

3.75 Sustained Attention

3.74

3.68 Metacognition
3.64 Goal-Oriented
Persistence
3.50 Flexibility
3.29 Time Management
3.14 Response Inhibition
3.07 Task Initiation
3.04 Emotional Control

3.74
3.74
3.39
3.17
3.17
3.13
2.74

Works With Students With
Executive Functioning Skill Deficit?
Yes
No
Skill Required
M
Skill Required
Planning
4.04 Working Memory
Metacognition
3.81 Planning
Response Inhibition
3.77 Goal-Oriented
Persistence
Working Memory
3.69 Organization
Sustained Attention
Goal-Oriented
Persistence
Organization
Time Management
Flexibility
Task Initiation
Emotional Control

M
4.33
4.14
4.10
4.05

3.69
3.65

Sustained Attention
Metacognition

3.90
3.81

3.50
3.15
3.12
3.04
2.88

Flexibility
Time Management
Response Inhibition
Task Initiation
Emotional Control

3.52
3.43
3.33
3.29
3.10
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Knowledge of Executive Functioning Skills Strategies Required to Access the SMP
The survey included an item where respondents rated the perception of their own
knowledge of executive functioning skills strategies. Figure 4 is a histogram illustrating
the frequency of response for each point in the scale. The histogram did not appear to
illustrate a significant skew or any evidence of possible kurtosis that would indicate
substantially non-normal distribution to the data, and the descriptive statistics supported
that interpretation of the illustration (SKEW = .121, KURT = -.561). The range was 4, as
the scale was a 5-point scale and respondents selected each point in at least one instance.
Measures for both central tendency (M = 2.74) and variance (SD = 1.03) are also
descriptive of the responses. This item is important to understand because it represents
the self-rated knowledge of executive functioning skills strategies to access the SMP
from the standpoint of the educators working with children who did have either a
disability or a deficit in executive functioning skills or those who did not work with
students who had these disabilities or deficits. Based on these findings, many educators
did not appear to perceive they held what would be an adequate level of executive
functioning skills strategies to support students with a deficit in executive functioning
skills to access the SMP. Of those who responded, 42.6% stated that they held either no
or some knowledge of executive functioning skills strategies to access the SMP, and only
3.7% believed they held a deep knowledge of executive functioning skills strategies to
access the SMP.
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Figure 4. Histogram of knowledge of EFS required to access the SMP
The data for knowledge of executive functioning skills strategies required to
access the SMP were split between cases where respondents responded “yes” or “no” to
items regarding their status as an educator of students with MLD and students with MLD
and a deficit in executive functioning skills. Respondents who worked in a classroom
with students identified as having a deficit in executive functioning skills had a mean
response of 2.96 (SD = .77), while educators who did not work in a classroom with
students identified as having a deficit in executive functioning skills had a mean response
of 2.81 (SD = 1.21) (M Diff = -.15). The finding of an independent-samples t-test (equal
variances not assumed [F = 11.02, p = .00]) was evidence of an insignificant difference
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between teachers who worked in a classroom with students with a deficit in executive
functioning skills and those who did not (t = -.50, p = .621). Educators in classrooms with
students with MLD resulted in a mean score of knowledge of executive functioning skills
strategies required to access the SMP practice that was lower (M = 2.82, SD = .86) than
educators who did not work in classrooms with children with MLD (M = 2.83,
SD = 1.15; M Diff = .01). Once again, a t-test was used to understand differences, but this
time it was between educators who did and did not teach in classrooms with students with
MLD. The finding of an independent-samples t-test (equal variances not assumed
[F = 4.19, p = .046]) was evidence of an insignificant difference between teachers who
worked in a classroom with students with MLD and those who did not (t = -.02,
p = .99). Based on these findings, the difference in knowledge of executive functioning
skill strategies required to access the SMP reported by respondents was statistically
insignificant in both cases where educators did and did not work in classrooms with
students with a deficit in executive functioning skills and those with MLD.
Deficiencies of Students With Disabilities and Deficits in Executive Functioning
The final portion of the EFDNA survey included 11 items related to deficiencies
of students in executive functioning skills. Responses were two categorical “yes” or “no”
points. Figure 5 illustrates the areas of deficiencies. The item with the most frequent
“yes” response was organization (75.93%), followed by working memory (70.37%),
planning (66.67%), sustained attention (62.96%), and goal-oriented persistence (57.41%).
These were the items of executive functioning skills that participants reported in the
survey as being areas of deficiency.
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Figure 5. Bar graph of the 11 executive functioning skills
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The 11 executive functioning skills were divided by cases for “yes” and “no”
responses to the items related to educators working with students with MLD and
educators working with students with MLD and a deficit in executive functioning skills.
Unlike the ranking in Table 13 where the ranking was done based on mean scores for the
importance of an executive functioning skill, the ranking in Table 12 was based on
percentages related to whether respondents felt there was a deficit in their classroom. The
findings from the ranking of percentages along the lines of these cases illustrated that
there were several differences in ranking for educators working in classrooms with
children with MLD and educators working in classrooms with students with MLD and a
deficit in executive functioning skills. The responses appeared to cluster along the lines
of the top five responses and the bottom six responses, where none from the top five were
in the bottom six for any category and none from the bottom six were in the top five for
any category. Organization was ranked at the top for three categories, while it was ranked
2 for educators working with students with MLD and a deficit in executive functioning
skills. Planning was ranked 2 for educators working with students with MLD and 1 for
educators working with students with a deficit in executive functioning skills; however, it
was ranked 4 for educators who did not work with students with MLD and with students
with a deficit in executive functioning skills.

Table 12
Skills Required in Working With Students with MLD and Executive Functioning Skill Deficits
Works With Disabled Students?
Yes
Skill Required
Organization
Planning
Working Memory
Goal-Oriented
Persistence
Sustained Attention
Response Inhibition
Time Management
Metacognition
Flexibility
Task Initiation
Emotional Control

%
75.00
71.43
64.29
64.29

No
Skill Required
Organization
Working Memory
Sustained Attention
Planning

60.71 Goal-Oriented
Persistence
57.14 Task Initiation
53.57 Flexibility
53.57 Time Management
46.43 Metacognition
42.86 Emotional Control
39.29 Response Inhibition

%
86.96
82.61
69.57
60.87

Works With Students With
Executive Functioning Skill Deficit?
Yes
No
Skill Required
%
Skill Required
Planning
80.77 Organization
Organization
76.92 Working Memory
Sustained Attention
65.38 Sustained Attention
Working Memory
65.38 Planning

43.48 Goal-Oriented
Persistence
39.13 Response Inhibition
39.13 Metacognition
34.78 Flexibility
34.78 Task Initiation
30.43 Time Management
13.04 Emotional Control

65.38 Goal-Oriented
Persistence
53.85 Time Management
53.85 Metacognition
53.85 Flexibility
50.00 Task Initiation
46.15 Emotional Control
38.46 Response Inhibition

%
85.71
80.95
66.67
57.14
47.62
42.86
38.10
38.10
33.33
28.57
19.05
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Table 13 includes a comparison of the rankings of the importance of executive
functioning skills to the deficiencies of executive functioning skills reported by educators
of students with MLD. The mean score and percentage for planning are evidence of its
high importance, and students with MLD and a deficit in executive functioning skills
have a deficit in planning skills. Therefore, just as there was an acknowledgment of
deficits, it was also noted as an important skill. It could be that students would benefit
from dedicated classroom activities to the development of planning skills in classrooms
with students with MLD. While metacognition is important to accessing the SMP, it is an
area of lowest deficiency. This is evidence that educators in classrooms with students
with MLD should be reasonably satisfied with metacognition, compared to other
executive functioning skill areas. To a lesser extent, the same is present with response
inhibition, which is important for accessing the SMP, but it was ranked 6 of the 11
executive functioning skill deficits. Goal-oriented persistence and sustained attention
were both areas in which their importance matched levels of executive functioning skill
deficit. Therefore, educators in classrooms with students with MLD understood its
importance and deficit to be about the same, compared with the other 11 executive
functioning skill deficits. This was also the case for flexibility, task initiation, and
emotional control. Organization and, to a lesser extent, working memory were both areas
which educators in classrooms with children with MLD did not perceive as high
importance as they did report deficiencies of students with MLD and a deficit in
executive functioning skill. Especially in the case of organization that ranked 7 out of 11
in importance and 1 in deficiency, there was a lack of importance even while it was
considered an area of deficit.
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Table 13
Importance of EFS to Accessing SMP and Deficiencies of Students Among Educators
With Students With MLD in the Classroom

Importance to Accessing SMP
Skill Required
Planning
Metacognition
Response Inhibition
Goal-Oriented Persistence
Sustained Attention
Working Memory
Organization
Time Management
Flexibility
Task Initiation
Emotional Control

M
4
3.79
3.79
3.75
3.68
3.64
3.5
3.29
3.14
3.07
3.04

Deficiencies of Students with MLD
Skill Required
Organization
Planning
Working Memory
Goal-Oriented Persistence
Sustained Attention
Response Inhibition
Time Management
Metacognition
Flexibility
Task Initiation
Emotional Control

%
75.00
71.43
64.29
64.29
60.71
57.14
53.57
53.57
46.43
42.86
39.29

The responses by educators with students with a deficit in executive functioning
skills in the classroom were somewhat similar to those of educators who taught only
students with MLD. Planning was ranked in similar positions, except that in Table 14, it
was ranked in the top position. Metacognition was ranked 2 in importance to accessing
the SMP, while it was ranked 7 for deficiencies of students with MLD and a deficit in
executive functioning skills. The main difference between Tables 13 and 14, centers
around if the teacher has students with or without a deficit in executive functioning. In
both instances, organization was the area with the greatest difference between the level of
perceived importance to accessing the SMP and deficiency of students with MLD with or
without a deficit in executive functioning skills. The greatest differences in Table 14 were
with organization and sustained attention. There was a lower level of importance but
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frequent reports of deficiencies in these skills; therefore, educators with students with a
deficit in executive functioning skills should give more focus to these skills.
Table 14
Importance of Executive Functioning Skills to Accessing the SMP and Deficiencies of
Students Among Educators With Students With MLD and a Deficit in Executive
Functioning Skills in the Classroom

Importance to Accessing SMP
Skill Required
Planning
Metacognition
Response Inhibition
Working Memory
Sustained Attention
Goal-Oriented Persistence
Organization
Time Management
Flexibility
Task Initiation
Emotional Control

M
4.04
3.81
3.77
3.69
3.69
3.65
3.5
3.15
3.12
3.04
2.88

Deficiencies of Students with MLD and
Deficit in Executive Functioning Skills
Skill Required
Planning
Organization
Sustained Attention
Working Memory
Goal-Oriented Persistence
Response Inhibition
Metacognition
Flexibility
Task Initiation
Time Management
Emotional Control

%
80.77%
76.92%
65.38%
65.38%
65.38%
53.85%
53.85%
53.85%
50.00%
46.15%
38.46%

Inferential testing was performed to understand the relationship between the
perceived requirement of executive functioning skills as independent variables and the
perceived deficiency of executive functioning skills as dependent variables. As the
independent variables were continuous and the dependent variables were categorical,
logistic regression was used to examine the relationships. This test was performed to
determine whether there were significant relationships at p < .05 between the requirement
of executive functioning and deficiencies in executive functioning. A significant
relationship would support an association between the magnitude of importance and
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whether participants saw the skill as deficient. Goal-oriented persistence was the most
significant relationship (p = .01), while planning, working memory, response inhibition,
and emotional control were all significant as well (p = .02). The other significant
relationships were metacognition (p = .03) and time management (p = .046). Based on
Table 15, 7 of the 11 executive functioning skills showed evidence of a significant
relationship.
Table 15
Logistic Regression Results
B

Wald

sig.

Planning

0.75

5.74

0.02

Organization

0.44

3.05

0.08

Time Management

0.5

4

0.046

Working Memory

0.77

5.68

0.02

Metacognition

0.538

4.79

0.03

Response Inhibition

0.74

5.96

0.02

Emotional Control

0.57

5.54

0.02

Sustained Attention

0.45

3.61

0.06

Task Initiation

0.42

2.52

0.11

Flexibility

0.32

1.92

0.17

Goal-Oriented Persistence

0.753

6.68

0.01

Tools and Resources Needed to Support and Develop Executive Functioning Skills
The second research question related to tools and resources needed to support and
develop executive functioning skills related to the SMPs for educators in classrooms with
K-5 MLD students who were identified as having a cognitive deficit in executive
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functioning. Two methods were applied to collect and analyze data related to this
question: a survey and a focus group.
It was determined from this process that the manual on the development of
executive functioning skills in students with MLD and deficits in executive functioning
may prove to be a valuable tool for increasing the achievement of students in Everett
Public Schools.
Educators were asked about resources that were perceived as effective in guiding
student development with respect to developing executive functioning skills. The manual
was designed to provide the district special education department, facilitators,
mathematics directors and specialists, school principals, and elementary mathematics
teachers who teach students with MLD with resources to increase executive functioning
skills in an elementary math class. The use of the skills and strategies to support and
develop executive functioning will facilitate the increased use of the SMP by identified
students to improve the conceptual understanding of mathematics, resulting in increased
mathematical achievement.
When asked about this manual as a resource for achieving this purpose, one
respondent stated, “My interest in the manual at least from a professional perspective is
how often I hear parents talk in different upset ways about how they see their kids
struggle in school, so understanding the necessity of tools like this.” This response
indicated the value of the manual for supporting and developing executive functioning
skills in students.
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Evaluating the Manual
Unlocking the Eight Standards Survey
A predefined standard for this project was that if there was a response of Needs
Improvement for >25% of respondents, then there would be improvements made to the
manual focused on those areas. The survey included six items for each section of the
manual. The items were related to the usefulness, practicality, and organization of the
manual as well as whether the content was relevant and clear. A final item related to
overall perceptions was added to each section. Participants rated the items on the survey
as being greater than needs improvement in at least 97.50% of cases for each item in each
section. Based on Table 16, each section was acceptable based on the >25% predefined
standard. Prior to analyzing the open-ended responses, ordinal data were analyzed to
obtain descriptive statistics. The descriptive statistics can be found in Table 16.
In order to extract insights from the open-ended responses, a topic modeling
approach was used—specifically, the Latent Dirichlet allocation (LDA) approach. LDA
assumes that each collection of text is a mix of topics, but the topic structure is hidden.
Because the structure is hidden or “latent,” this approach seeks to infer the topic structure
based on the collections of words across different parts of the text.
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Table 16
Rating of the Effectiveness of Unlocking the Eight Standards Manual
Item

M

SE Mean

SD

Covered useful material 3
Practical for the role that I serve 4
Well organized 5
Content relevant and appropriate 6
Clarity of the material presented 7
Overall Rating for Introduction and Section 1

2.78
2.56
2.76
2.83
2.68
2.71

0.07
0.08
0.07
0.07
0.08
0.07

0.42
0.50
0.43
0.44
0.52
0.46

Covered useful material 12
Practical for the role that I serve 13
Well organized 14
Clarity of the material presented 16
Overall Rating for Section 2

2.68
2.53
2.80
2.78
2.75

0.08
0.09
0.06
0.08
0.07

0.47
0.56
0.41
0.48
0.44

Covered useful material 20
Practical for the role that I serve 21
Well organized 22
Content relevant and appropriate 23
Clarity of the material presented 24
Overall Rating for Section 3

2.78
2.55
2.85
2.78
2.78
2.80

0.08
0.09
0.06
0.08
0.08
0.06

0.48
0.55
0.36
0.48
0.48
0.41

Covered useful material 28
Practical for the role that I serve 29
Well organized 30
Content relevant and appropriate 31
Clarity of the material presented 32
Overall Rating for Section 4

2.83
2.68
2.85
2.80
2.85
2.78

0.07
0.08
0.06
0.07
0.06
0.08

0.45
0.47
0.36
0.46
0.36
0.48

107

The open-ended responses were analyzed separately for items asking which part
of the section participants found most useful/effective, and items asking which part of the
section participants found could be improved upon. This was done because the same
words could have very different meanings, depending on the two different questions and
contexts. The analysis for the open-ended items asking which part of the section
participants found most useful/effective revealed approximately three topics/categories.
These suggested that the sections effectively communicating the text will communicate
strategies for teaching students math, will teach them useful skills, and will emphasize
executive functioning as a way of improving both. The terms and topics can be found in
Table 17.
Table 17
Terms and Topics From Analyzing “Useful/Effective” Open-Ended Responses
Topic

Term

beta

1
1
1
2
3
3

Students
Math
Strategies
Skills
Executive Functioning
Standards

0.012
0.009
0.009
0.008
0.012
0.009

The analysis for the open-ended items asking about which part of the section
participants found could be improved revealed approximately three topics/categories.
These suggested that the sections could have used more or improved examples, general
information, information about strategies, information about executive function, and how
the text could be helpful for students. The terms and topics can be found in Table 18.
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Table 18
Terms and Topics From Analyzing “Could Be Improved” Open-Ended Responses
Topic
1
1
1
1
2
3
3

Term
Examples
Information
Strategies
Helpful
Students
Executive Functioning
Manual

Beta
0.010
0.008
0.008
0.007
0.008
0.008
0.008

The data were explored further to understand if there was a significant difference.
A one-sample t-test was utilized to determine if the percent findings were significantly
different than the 25% requirement. The data were transformed for items 2 and 3 to
become 1 and 1 to be 0. This was done to measure the percent who rated items good or
excellent (1) against needs improvement (0). A test value of .75 was set for the test and
the significance was p < .05. Table 19 further supports the difference between 25% of
responses from participants who believed there should be improvement to an element of a
section of the manual and the findings. Based on Table 19, survey respondents did not
believe the manual required any changes.
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Table 19
Means, Standard Deviations, and Percentages for Unlocking the Eight Standards Survey

Section 1

Section 2

Section 3

Section 4

Useful
Practical
Well-Organized
Relevant
Clear
Overall
Useful
Practical
Well-Organized
Relevant
Clear
Overall
Useful
Practical
Well-Organized
Relevant
Clear
Overall
Useful
Practical
Well-Organized
Relevant
Clear
Overall

M

SD

Percent > Needs
Improvement

2.78
2.56
2.76
2.83
2.68
2.71
2.68
2.53
2.80
2.78
2.78
2.75
2.78
2.55
2.85
2.78
2.78
2.80
2.83
2.68
2.85
2.80
2.85
2.78

0.41
0.50
0.43
0.44
0.52
0.45
0.47
0.55
0.40
0.42
0.47
0.43
0.47
0.55
0.36
0.47
0.47
0.40
0.44
0.47
0.36
0.46
0.36
0.47

100.00
100.00
100.00
97.56
97.56
100.00
100.00
97.37
100.00
100.00
97.50
100.00
97.50
97.37
100.00
97.50
97.50
100.00
97.50
100.00
100.00
97.50
100.00
97.50

t

9.25
9.25

8.50

9.00
9.00
9.00
9.00
9.00

9.00
9.00

sig.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

110

Focus Group
A focus group was conducted to collect responses from participants (CI, TI, BA,
RK, AD, SF, NH, and HB) on this topic. The purpose of the focus group was to
understand the perceptions of educators related to the manual designed for this project.
There was only one focus group meeting and each participant was present for it. Because
additional data were collected from an alternative source, the researcher deviated from
Greenbaum (1998), who noted the importance of using several moderated focus group
sessions to ensure that data are rich enough to draw precise findings. Participants were
given the manual to review and were asked questions in a focus group setting. Seven
structured questions were asked over the course of the meeting, with an introductory
question to familiarize the group with one another. The researcher led the focus group for
approximately 1½ hours. Plans for the focus group described in Chapter III were
followed without deviation, except for the researcher moderating the focus group because
the intended moderator cancelled at the last minute. The focus group opened with a brief
introductory question asking participants to describe a memorable math moment from
their past. The responses from the introductory question were included in the analysis
because of the potential benefits that could come from including participant background
data along with responses to the focus group questions. Word frequencies were
calculated, and data were coded to describe the focus group findings further for each of
the questions.
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Table 20
Demographics of Focus Group Participants
Name

Gender

Race

Which Best Describes Your Current Role

CI

Female

White

Clinical Psychologist

TI

Male

White

Clinical Psychologist

RK

Female

African American

Special Education Teacher

SF

Female

African American

Principal/Assistant Principal

NH

Female

African American

Superintendent/School Board Member

AD

Female

White

Special Education District Administrator

HB

Female

White

Early Learning District Administrator

BA

Female

White

Instructional Coach

Participants’ memories of math class. Participants were asked, “I want each of
you to state your name, what you do, and a memorable moment from a math class.” The
findings from this question were related to the personal experience of participants and not
to the manual as the focus of the study. Word frequency related to useful findings for the
introductory question. The most frequently used words based on generalizations were
associated with math (6.16%).
In one response, a participant noted not having any impactful moments. BA
stated, “I don’t have any memorable math moment when I was a student myself so I tried
really hard when I was a classroom teacher to make those memorable impactful moments
for my students and when in third grade they finally got multiplication for the first time
and their faces lit up and they felt so proud of themselves.” RK stated that “[A]
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memorable math experience for me would probably be when I took calculus in my late
20s and I was like I get it…now I tell my students, it’s never too late.”
The second most frequent word was associated with individuals (2.50%).
Individuals included administrators, coaches, students, and volunteers. Associated with
individuals, the seventh most frequently used generalization was adults, which included
counselors, professionals, and teachers. This finding was indicative of people being the
most memorable part of learning math as a child for adults. Adults did not always play a
positive role in the development of math skills. For example, CI’s experience had a
negative impact on her math learning, as she stated: “I was in HS and I was in a geometry
class and frankly cheating, looking my best friend’s paper frankly and my teacher let me.
And I was really great student…and it was like he didn’t care…so I was not a great math
student.” HB also noted that her difficulties in math related to a teacher she had at one
point: “I did really struggle in math and got moved to a tracked math class in seventh
grade I remember heee tallllkkeed liiike this…. I thought it was so annoying. I can
understand you, why are you speaking like that?” Professionals will have a memorable
impact on students, positively or negatively, depending on how they encourage the
students’ learning.
Aspects of manual that work well. An additional question related to this
research was “What aspects of the manual work well?” The most frequently used word
generalization for this question was “really” (4.10%), while “attributes” (3.13%) and
“content” (3.03%) were the second and third most frequent word generalizations, with
“functioning” the fourth most frequent (2.71%). The use of “really” appeared as a way
for participants to emphasize what they had to say. For example, TI noted that the manual
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was “really helpful” and AD stated that what she “really liked” was “the layout.” The
generalization of attributes included “class” as a similar word, and the use of class in the
context of the responses related to coursework. The word “executive” was another
frequent word generalization (2.51). In the case of “executive,” this related to the
executive functioning skills which were a focus of the manual. SF noted that
“[identifying] the attributes of executive functioning and that it is set up like a rubric,
that is a good way [to present the information]…because for a lot of teachers we do
not know the executive functioning [skills].”
To assist with the identification of executive functioning skills, the CHEXI
assessment was highly valued as a tool and resource within the manual. One respondent
stated regarding the assessment, “That’s really a good special education tool…thinking
from general education teacher perspective…. [It helps to identify] the content and
understand executive functioning. I think the most important thing is for the general
education teachers to be aware.” However, the question was raised about how to make
the assessment as accessible as possible for them.
BA felt that the manual had a positive impact on explaining executive
functioning, stating: “I think practically speaking, not only did I learn about executive
functioning and the why behind it but how do I deal with it in my class.” SF and RK both
echoed these sentiments, following up on BA’s comments; both stated that the manual
was “very practical.” The repetitiveness of content in the manual was an aspect of it that
many participants enjoyed. As AD stated, “What I really liked was the layout of what the
standard is, what’s required of the student from the executive functioning skills and how
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it was broke out, kind of repetitively.” TI also noted that repetition and summaries were
useful aspects of the manual.
Additionally, respondents felt that the appendices within the manual offered
resources that can be beneficial in supporting students with learning disabilities and a
deficit in executive functioning skills. For example, a respondent stated, “As someone
who is looking at it through the teacher lens, I jump right to the appendices and I see a lot
of the how in the appendices. Because the appendices are filled with the tools of how.”
The appendices in the manual were also reiterated as valuable supplementary resources
for guiding executive skill development.
Sped teachers need to come at every learning environment with these deep
strategies…but general education teachers need to have the levels of strategies
[too], I think it [the manual]is accessible to both…but I do wonder when I hear
everyone saying how do we use it in the general education classroom, that this
would be so valuable.
The following section includes an extended discussion of manual evaluations
from the focus group and ways to improve the existing text.
Participant perceptions of strategy generalization in mathematics education.
Another question related to the manual was “Are the strategies in the manual able to be
generalized across the standards for mathematical practice?” Word frequency analysis
was not applied to the data from the focus group for this question because it had only one
response: “I think yes, but I also don’t feel confident enough with my knowledge of the
standards…to really speak to that. I can see as a teacher adjusting a strategy, but I also
don’t know that I taught math exceptionally well.” Other participants did not respond to
the question.
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Impact of time required to teach executive functioning strategies on class
pace. A further question was “Does the time required to teach executive functioning
strategies affect the instructional pacing of a class?” The word generalization “idea”
(5.75%) was the most frequent word generalization, followed by “point” (3.80%),
“teach” (3.57%), “unit” (3.56%), and “state” (2.91%). Again, these word generalizations
related poorly to the content of the responses from the focus group participants. For AD,
teaching executive functioning was a practice which could equalize or speed up the pace
of teaching, stating: “[it] would be an equalizer or it would actually speed up your pacing
because you would eliminate the reteaching of skills or something that you were teaching
as a skill deficit that was actually an executive functioning skill.” HB agreed, stating that
it was “almost a proactive behavior management strategy.” Participants favored “frontloading” executive function development material because of the benefits that it could
have for the remainder of the school year once executive functioning skills were
developed. TI stated, “I really like that idea of front-loading it, like starting a class at the
beginning of the year with it [executive functioning skill development]” and “through
repetition, the students would grasp it.” NH supported TI’s statement: “If you start out
with it, stay with [it].”
Aspects of manual that require improvement. An additional question related to
the manual was “What aspects of the manual need to be improved?” Generally, the
responses from the group lacked commentary on areas of the manual that required
improvement. Word frequency generalizations indicated that the most frequently used
word generalization was “anchor” (3.12%), followed by “changes” (3.00%) and “charts”
(2.34%). Because the question was related to improvement, “changes” was an expected
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common word generalization. CI reflected on earlier versions of the manual, noting that
“The changes that were made from the initial draft to this one; for someone not in the
teaching profession, made it so much clearer...” and “I think the improvements made
were great and I don’t have any recommendations for improvements.” The use of
“charts” involved generalization connected to words such as figures and pictures that
were used. HB noted that “I still can’t wrap my brain…just being honest around the
figures...the pictures.” HB’s comment encouraged feedback from BA, stating that “I
actually loved those.” In addition,
I can definitely see as a teacher how they [the pictures] are really good
examples of anchor charts…. If you don’t know what to do as a first-year teacher,
this is a great resource. Maybe even [add] to the appendix, sample anchor charts
you can put on the wall, [they] would be a really great resource. Anchor charts at
different grade levels too.
This response illustrated the utility of the manual, and anchor charts in particular, in
guiding executive skill development. Finally, though RK saw the appendices as a
tremendous resource, she did recommend strengthening that connection of the content in
the third section with where the resource is in the appendices. AD and NH also noted that
they “did not have any improvements” to suggest.
Changing the manual. To examine further and gain some understanding of how
the manual could be improved, a follow-up question to this topic was asked: “Are there
additional suggestions for improvement?” The word “training” was the most frequent
word generalization (4.47%), followed by “education” (4.26%) and “teacher” (4.15%).
Training related to helpfulness for the integration of executive functioning into the
classroom. NH asked about the specifics of how the manual would function for teacher
development, inquiring, “Is there a training period or is the manual is just given to them
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and they work their way through it?” RK related a similar thought, asking if the manual
was “geared towards sped teachers,” to which the moderator stated, “So it could be used
by a general education teacher or a special education teacher; it is geared towards
teachers of special education students.” SF offered that “This [manual] would be a jewel
to a regular education teacher” and “it would be great to consider training or something.”
The responses to this question did not relate well to how improvements could be made,
other than an explanation and increased incorporation of anchor charts. However, the
responses from the focus group were useful as they indicated an important direction in
which take manual design—the direction of training.
The final question involved gathering final thoughts from the participants,
namely, “Any additional thoughts or last set of feedback?” The findings from the word
frequency query indicated that the most frequent generalized word was “group” (4.49%),
followed by “community” (3.33%), “whole” (2.96%), “cognitive” (2.95%), and “teacher”
(2.73%). Several responses to this question reiterated thoughts offered at the beginning of
the focus group. Again, the generalized word frequencies related poorly to the content of
the participants’ responses. AD noted that “the layout of the manual is really userfriendly, looks beautiful and it is inviting to the eye where you want to look through it.”
This statement was supported by NH, who noted, “I like the way it’s put together and I
would use it. I would use it a lot, I like the graphics and how it was put together for folks
who might now have this understanding.” NH also noted that “It wasn’t difficult to
follow…. I got it and I really don’t like math that much.”
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Chapter V
SUMMARY

This chapter summarizes the study and includes answers to the research
questions as well as implications of the study, relevancy of the manual Unlocking the
Eight Standards for Mathematical Practice for Students With Mathematical Learning
Disabilities and Cognitive Deficits in Executive Functioning, recommendations, and
conclusions.
Answers to Research Questions
In undertaking this case study, the researcher sought to offer direction for
instructional leaders and teachers who provide instruction to students with math
learning disabilities, given the increased accountability for school leaders and teachers
to ensure student proficiency in the standards for mathematical practice (SMP). Since
all SMP require executive functioning, it was important to identify which executive
functioning skills were most required to access the SMP and what resources teachers
could utilize. These questions informed the creation of a practical manual to guide
instructional support. As the researcher analyzed the data from surveys and the focus
group, 15 findings emerged. Below is a summary of the research questions that guided
this study and the ways in which the findings aligned with each research question.
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Research Question 1
Of the 11 identified executive functioning skills, which are the perceived
deficiencies of students with mathematical learning disabilities and deficits in executive
functioning?
In this study, the researcher defined executive functioning skills as the skills that
help people to decide what activities or tasks they will pay attention to and which ones
they will choose to do (Hart & Jacobs, 1993). In analyzing the Executive Function
Development Needs Assessment Survey (EFDNA, 2017) data, two areas needed to be
considered in response to the research question. The first area spoke to the executive
functioning skills that educators thought were most important to access the SMP and the
second are considered the deficiency in executive functioning skills for students with
MLD and deficiencies in executive functioning. It is important to note that significant
differences were apparent based on an educator’s status as working with disabled
students or students with a deficit in executive functioning skills. This categorization will
have an impact on their beliefs about the importance of individual executive functioning
skills. This finding was supportive of the possibility that educators’ beliefs about the
importance of executive functioning skills are shaped in similar ways, based on
experience with students with disabilities and executive functioning skills that other
educators do not experience. With this frame in mind, when looks at responses, the
researcher found that:
•

Planning was rated the highest in terms of executive functions required to
access standards for mathematical practice, followed by working memory,
metacognition, goal-oriented persistence, and sustained attention.

120
•

Emotional control, task initiation, and flexibility were rated the lowest in
terms of mean scores.

While these findings were important for understanding the perceptions of the
overall sample, when the cases from the data were split along the lines of the status of
respondents as working with disabled students or students with a deficit in executive
functioning, the importance of several of these skills was different, depending on their
categorization, as follows:
•

Working memory and organization were ranked 1 and 2 for both sets of
educators; however, organization was ranked 3 for those who did not work
with disabled students and 4 for teachers who did not work with students
with a deficit in executive functioning.

•

Time management, task initiation, and emotional control consistently
occupied the same rank throughout; they were perceived as the least
important by educators in order to access the SMP, regardless of whether or
not they worked with students who had a disability or a deficit in executive
functioning.

When considering how these findings related to the perceived deficiencies in
executive functioning skills of students with MLD and deficits in executive functioning
skills, the researcher found that:
•

The greatest areas of deficiencies were organization, followed by working
memory, planning, sustained attention, and goal-oriented persistence.

•

Planning is highly important and students with MLD and a deficit in
executive functioning skills have a deficit in planning skills. Therefore, just
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as there was an acknowledgment of deficits, it was also noted as an
important skill. As such, students would benefit from the dedication of
classroom activities to the development of planning skills.
•

The greatest differences appeared with organization and sustained attention.
Though they had a lower level of importance to access the SMP, there were
frequent reports of deficiencies in these skills; therefore, educators should
give more focus to these skills.

Research Question 2
What tools and resources are needed to support and develop executive
functioning skills in relation to the Standards for Mathematical Practices for K-5
special education teachers to improve K-5 MLD students who have been identified as
having a cognitive deficit in executive functioning performance?
In this study, the researcher presented teachers, instructional coaches, district
administrators, psychologists, and school board members with a contextual framework
for executive functioning, executive functioning skills, and the standards for
mathematical practice. Additionally, skills and strategies designed for the support and
development aligned with these areas were identified and presented in the form of a
manual. After a thorough analysis of both surveys and focus group data, the researcher
found that:
•

A teacher who has belief in his or her students is important because who
teaches and how students are treated were the most memorable parts of
learning math as a child for respondents.
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•

Many educators did not perceive that they held what would be an adequate
level of executive functioning skills strategies to support students with a
deficit in executive functioning skills to access the SMP. As such, teachers
need to have professional development to utilize the resources and tools
provided effectively.

•

A variety of resources are required to meet the varied needs of MLD
students with deficits in executive functioning to access the SMP.

•

The CHEXI assessment was highly valued as a tool and resource within the
manual.

When participants were provided an opportunity to reflect generally (in the
focus group) on the resources developed in the manual and their practical use, the
researcher found:
•

Educators prioritize the behavioral strategies over cognitive strategies to
create environments and structures within which cognitive strategies can
thrive.

•

Appendices within the manual offer resources that can be beneficial in
supporting students with learning disabilities and a deficit in executive
functioning skills to access the SMP.

•

Anchor charts that can be put on the wall in various grade levels would be a
great resource.

•

“Front-loading” executive function skill development materials would be
beneficial because they can impact instruction and learning to access the
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SMP for the remainder of the school year once executive functioning skills
were developed.
Implications
The findings of the study were unexpected. Through the review process of the
manual, it became clear to the researcher that there were significant executive
functioning skill gaps for students with MLD and deficits in executive functioning,
which could impede access to the SMP. However, the finding that most teachers did
not know how to identify or teach executive functioning skills could be a barrier to
students receiving appropriate instructional support targeted to need areas, whether
identified as having MLD with a deficit in executive functioning or not. Since students
are being asked to meet the SMP, which depends on the utilization of executive
functioning skills, teachers within the educational system must have varied tools with
embedded strategies to support students with MLD.
These findings further indicate that there are significant implications for
districts if they do not consider measures ensuring that executive functioning skills can
be recognized and then taught by teachers. The researcher recognizes that for districts
to be able to address this far-reaching skill deficit, several stakeholders and processes
must be considered that could impact a district’s ability to act on these findings.
Districts
A district’s actions are often guided by its strategic plan. As such, for
superintendents to begin considering the implementation of the recommended skills
and strategies to increase executive functioning, they would first have to determine if
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their current strategic plan included components of social-emotional learning (SEL) or
21st century skills. If the strategic plan did include articulated goals for SEL or 21st
century skills, the training and development on recommended executive functioning
skills and strategies as articulated in the Guide could be aligned to the current strategic
plan. District leaders could work with building leaders to integrate a plan focused on
increasing executive functioning skills and strategies in the school improvement plan
when appropriate.
If the strategic plan does not correlate in any way, then the inclusion of
strategies to identify and increase executive functioning instruction might require the
engagement of the community, the union, and school board members as an initiative or
project. Depending on the size of the district, this could be as simple as a conversation
at a district leadership team meeting. In larger districts, a project plan for design and
implementation might need to be created. Such a plan would require a superintendent
to meet with his or her cabinet to determine which department would be responsible for
the project, its budget, and its outcomes. Due to the identified skill gaps in teachers and
students pertaining to executive functioning, several departments could lead this work.
Districts could consider the Behavioral Health department if it oversees MTSS;
Teaching and Learning if they want it introduced in conjunction with core content
areas; Special Education due to the evaluation components; or a department leading
equity work since the development of these skills provides access for students to
increase their ability to learn at high levels.
Regardless of the department chosen to develop the plan, the project plan would
need to include overall goals that are tied to outcomes and usually linked to data.
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Recognizing that every strategic plan is different and that districts use various tools for
assessment, some potential data sources or indicators are:
1. the SBA or PARCC,
2. benchmark tests like the i-Ready or MAP,
3. school readiness indicators,
4. successful completion of standards,
5. attainment of student IEP goals,
6. demonstrated mastery of content over the grading period.
The researcher contends that if a district wants to launch a program
successfully, it must be tied to data and outcomes for students. Once outcomes and
measurement tools are established, a budget would need to be created based on the
needs of the project, required FTE, materials, and individual school communities. One
final consideration is that of the union. An initiative’s success often requires the
union’s input and backing; however, it is not a requirement to move forward.
Informing and partnering with the union provides an opportunity for them to assist with
teacher buy-in and determine what is permissible according to current contracts. If the
district does not have union support, this could become an issue during negotiations.
The high-level district moves from introduction through monitoring of
outcomes are as follows:
1. Cabinet leadership to evaluate need, how it fits with existing priorities, and
what kind of long-term support can be given;
2. Strategic planning to establish outcomes while building buy-in from
building leadership;
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3. Build relationships and incentive with building leadership for long-term
implementation;
4. Build relationships with unions and teachers to establish the why;
5. Launch program;
6. Monitor and adjust depending on outcomes.
Questions that a district might need to be consider are:
1. Would the district phase in the program or create a pilot in identified
schools for Year One, ramping up implementation in the following year?
2. How would the district implement the plan/roll-out in an equitable manner
considering all communities?
3. How sustainable is the program?
4. What is the current capacity of the district’s teaching staff, and how can
they prioritize the teaching of these skills?
5. When was the last SEL initiative? If there was an initiative, would the new
proposed project support or compete with existing programs?
6. What barriers might building administrators and teachers face in
implementing the program, and how can they be proactively addressed?
7. How might this initiative be communicated to families and students?
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Professional Development
When considering the development of a project plan, the central component of
the plan is professional development. Since leadership and professional development
are required for the successful implementation of this initiative, initial professional
development needs to be provided for district leadership. This creates a baseline of
understanding of what will be asked of building administrators and, subsequently,
teachers. Ensuring an initial understanding of content positions district leadership/
representatives to understand the components and requirements of the initiative prior to
reviewing strategic plans and identifying potential correlations as establishing
recommendations. Additionally, this gives district representatives a chance to
determine how this program would compete with or complement existing programs
and initiatives. Trained district representatives could present rationales during a cabinet
meeting before any strategic planning occurred.
If a district does choose to prioritize the use of executive functioning skills in
the classroom, it must have a clear idea of what professional development could or
should be offered. Due to teachers’ lack of ability to identity and acknowledge
executive functioning and associated skills, any district-wide initiative that does not
include professional development will fail.
After the initial training of district representatives assigned to lead the districtwide work, building administrators are the next group that requires training. This step
is important because administrators must lead the work, support instructional
implementation, and create opportunities for ongoing development. Content knowledge
is also important because many schools have high teacher turnover to outside of the
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district. Because administrators in a district are far less likely to leave a district than
teachers, trained leaders can provide the instructional continuity and support that
teachers will need to implement the new expectations.
The project plan should determine who the target audience is. In the instance of
the researcher’s work, the target audience would be elementary special education
teachers who teach math or general education teachers who teach students with a math
learning disability. Since difficulty with math concepts alone is rarely a reason for a
student to be evaluated for special education and identified as having MLD, district or
building administrators may determine they want all elementary math teachers to be
trained. Once the target audience is determined, professional development options
should be established. Some districts may choose to provide professional development
on executive functioning and associated skills during district-planned professional
development times, when many teachers can access the content at one time. Other
districts may choose to provide training on a regional/area level to encourage
collaboration and targeted support from the district representative. The next phase of
training is for teachers, and the researcher recommends that building administrators
participate in the training alongside their building teacher teams.
In either context, professional development will need to be tiered over time to
account for developing skill. At least for the first two years, more intensive training
will be required for all along with frequent temperature and implementation progress
checks at the building level. If the district invests in the right level of professional
development for the administrator and subsequently their leadership team, most
ongoing professional development could be done at the building level for all staff.
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Building Administrators
Any initiative selected by a district is dependent on the leadership of
administrators in the building. Subsequently, an important step is developing buy-in
with the administrator. If the focus on increasing executive functioning skills is not
valued at the building level, then it will not be prioritized. The level of investment
building required is dependent on the implementation recommendations of the district.
If the plan developed by the district to increase executive functioning skills requires a
high level of fidelity, then more time needs to be spent developing the administrator’s
investment in the program. The researcher recommends that administrators work with
their supervisor and district representative to review the school data and determine the
best method of implementation in their school.
Once administrators believe it is a program that can be implemented and
maintained, some administrators might choose to involve their building leadership
teams (BLT) or pull a diverse group of teachers to develop a building plan in
collaboration with them. By doing so, administrators increase the chance of buy-in
from teachers. Some leaders may see the adoption of skills and strategies to increase
executive functioning much like at a PBIS initiative. With this mindset, they may
designate a team of teachers to advise and lead this work. Since the research showed
that most teachers do not know how to identify or teach executive functioning skills
and administrative leadership will be required, inclusion of the building leadership
team is preferred.
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Whichever process is selected, teachers need to feel they have the capacity to
take on this work. Any group that asks for teachers’ input creates a platform for
teachers to discuss what teaching and embedding executive functioning skills could
look like. In addition, they could provide input on when and how the initiative could be
implemented in their respective school setting and which current structures like
professional learning communities (PLCs) could incorporate required data collection
and reflection. In doing this, the door is opened for the teachers to feel this is a
manageable ask and build investment as they outline the required structure.
It would benefit administrators to partner with other sites so that administrators
can learn from one another. By encouraging cross-building partnerships, districts
cultivate spaces where everyone gets the same information, and misconceptions can be
caught early. Finally, establishing structures to support the continued development of
administrators through guided learning walks, guided reflection, and connections to
teacher evaluation of introduced skills is recommended.
Relevancy of Manual
The researcher used the findings and answers to the research questions as
detailed above to develop Unlocking the Eight Standards for Mathematical Practice
for Students With Mathematical Learning Disabilities and Cognitive Deficits in
Executive Functioning. School and district leaders found the manual valuable in
identifying and developing executive functioning skills. Nearly all of the respondents
echoed a similar sentiment around needing practical strategies to initiate this work
because of the increase in the perceived deficits of executive functioning skills, not
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only in students with MLD but also in students across the system. Although the manual
was designed for teachers who support special education students with MLD,
respondents repeatedly articulated how useful the manual would be for all teachers, not
just those who teach students with special needs. Based on their feedback, the
researcher created summaries and resource links at the end of each chapter to increase
ease of use for anyone working with the manual. The goal was to develop a manual
that was informative, practical, and useful. Based on feedback from respondents, the
manual achieved this outcome.
Recommendations for Future Research
In reflecting on the research processes followed in this dissertation and the
development of the manual, the researcher recommends that future studies be
conducted on the development of training structures for teachers in the implementation
of instructional strategies centered on executive functioning skills. As the use of
technology increases and the world becomes more interconnected, teachers will need
to differentiate at a higher level across student groups. This recommendation is offered
because, as discussed in the findings of this study, most teachers do not know how to
identify and support the instruction of executive functioning skills, whether they teach
students with a learning disability or not. Considering 21st century skills and their
reliance on executive functioning skills, students’ future success is connected to their
ability to utilize executive functioning skills. In the absence of a teaching force skilled
in teaching these skills, students will leave school ill-equipped to navigate not only the
standards for mathematical practice but life itself.
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Conclusions
When I embarked on this dissertation process, it was in response to two truths.
First, throughout my life, I lived math-averse and felt not smart when it came to math.
Second, almost 100% of students with MLD and executive functioning deficits in my
district were not successful on the standardized assessments administered by the
district. I believed that by focusing my energies and intellect on creating a manual for
leaders and teachers to use to support students in developing these skills, students
would be able to transcend certain barriers and unlock new levels of learning to access
the SMP. Through the course of this process, I have found that our society makes
excuses for students (and others) who struggle with math and, in doing so,
compromises their ability to perform at the level of which they are capable.
Additionally, a stark number of teachers and leaders are ill prepared to support the
growing community of learners who have deficits in executive functioning skills,
regardless of their classification as a special education or general education student.
Teachers are yearning for ready-to-use resources to support the instruction of these
students and more resources need to be developed because, at times, a content skill
deficit is, in fact, an executive skill deficit inhibiting the attainment of content
knowledge.

133

REFERENCES
Ali, M. S., & Rafi, M. (2016). Learning disabilities: Characteristics and instructional
approaches. International Journal of Humanities Social Sciences and Education
(IJHSSE), 3(4), 111-115.
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (DSM-5®). Washington, DC: Author.
Baddeley, A. (1996). Exploring the central executive. The Quarterly Journal of
Experimental Psychology, 49(1), 5-28.
Baddeley, A. D., & Hitch, G. (1974). Working memory. Psychology of Learning and
Motivation, 8, 47-89.
Barkley, R. A. (2012). Executive functions: What they are, how they work, and why they
evolved. New York, NY: Guilford.
Baumert, J., Kunter, M., Blum, W., Brunner, M., Voss, T., Jordan, A.,...Tsai, Y.-M.
(2010). Teachers’ mathematical knowledge, cognitive activation in the classroom,
and student progress. American Educational Research Journal, 47(1), 133-180.
Berch, D. B., & Mazzocco, M. M. (2007). Why is math so hard for some children? The
nature and origins of mathematical learning difficulties and disabilities.
Baltimore, MD: Brookes.
Best, J. R., Miller, P. H., & Naglieri, J. A. (2011). Relations between executive function
and academic achievement from ages 5 to 17 in a large, representative national
sample. Learning and Individual Differences, 21(834), 327-336.
Biederman, J., Monuteaux, M. C., Doyle, A. E., Seidman, L. J., Wilens, T. E., Ferrero, F.,
...& Faraone, S. V. (2004). Impact of executive function deficits and attentiondeficit/hyperactivity disorder (ADHD) on academic outcomes in children. Journal
of Consulting and Clinical Psychology, 72(5), 757-766.
Boaler, J. (2015). Mathematical mindsets: Unleashing students’ potential through
creative math, inspiring messages and innovative teaching. Hoboken, NJ: John
Wiley & Sons.
Bostic, J. D., & Matney, G. (2014). Looking for elementary mathematics teachers’
Common Core-focused instruction. In G. T. Matney & S. M. Che (Eds.),
Proceedings of the 41th Annual Meeting of the Research Council on Mathematics
Learning (pp. 113-120). San Antonio, TX.

134

Bottge, B. A., Rueda, E., LaRoque, P. T., Serlin, R. C., & Kwon, J. (2007). Integrating
reform‐oriented math instruction in special education settings. Learning
Disabilities Research and Practice, 22(2), 96-109.
Boynton, P. M., & Greenhalgh, T. (2004). Selecting, designing, and developing your
questionnaire. BMJ: British Medical Journal, 328(7451), 1312-1315.
Brooks, R. B. (1999). The self-esteem teacher. Loveland, OH: Treehaus
Communications.
Bull, R., Espy, K. A., & Wiebe, S. A. (2008). Short-term memory, working memory, and
executive functioning in preschoolers: Longitudinal predictors of mathematical
achievement at age 7 years. Developmental Neuropsychology, 33(834), 205-228.
Bull, R., & Lee, K. (2014). Executive functioning and mathematics achievement. Child
Development Perspectives, 8(1), 36-41.
Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children’s
mathematics ability: Inhibition, switching, and working memory. Developmental
Neuropsychology, 19(834), 273-293.
Burch, P., & Spillane, J. P. (2003). Elementary school leadership strategies and subject
matter: Reforming mathematics and literacy instruction. The Elementary School
Journal, 103(5), 519-535.
Burgess, P. W. (2003). Assessment of executive function. In J. Gurd, U. Kischka, & J.
Marshall (Eds.), Handbook of clinical neuropsychology (pp. 302-321). Oxford,
UK: Oxford University Press.
Carey, J., Dimmitt, C., Hatch, T., Lapan, R., & Whiston, S. (2008). Report of the national
panel for evidence-based school counseling: Outcome research coding protocol
and evaluation of student success skills and second step. Professional School
Counseling, 11(3), 197-206.
Common Core State Standards—National Council of Teachers of Mathematics. (2017).
Retrieved from http://www.nctm.org/ccssm/
Condon, C., & Clifford, M. (2012). Measuring principal performance: How rigorous are
commonly used principal performance assessment instruments? A quality school
leadership issue brief (rev.). Washington, DC: American Institutes for Research.
Cortiella, C., & Horowitz, S. H. (2014). The state of learning disabilities: Facts, trends
and emerging issues. New York, NY: National Center for Learning Disabilities.
Corno, L. (2001). Volitional aspects of self-regulated learning. Self-regulated Learning
and Academic Achievement: Theoretical Perspectives, 2, 191-225.

135

Cragg, L., & Gilmore, C. (2014). Skills underlying mathematics: The role of executive
function in the development of mathematics proficiency. Trends in Neuroscience
and Education, 3(2), 63-68. doi:https://doi.org/10.1016/j.tine.2013.12.001
Dawson, P., & Guare, R. (2009). Smart but scattered: The revolutionary “executive
skills” approach to helping kids reach their potential. New York, NY: Guilford.
Dawson, P., & Guare, R. (2010). Executive skills in children and adolescents: A practical
guide to assessment and intervention. New York, NY: Guilford.
Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135-168.
Diamond, A., & Lee, K. (2011). Interventions shown to aid executive function
development in children 4 to 12 years old. Science, 333(6045), 959-964.
Drago-Severson, E. (2008). Pillars for adult learning. Journal of Staff Development,
29(4), 60-63.
Duffy, F. M. (2003). I think, therefore I am resistant to change. Journal of Staff
Development, 24(1), 30-39.
Faulkenberry, T. J., & Geye, T. L. (2014). The cognitive origins of mathematics learning
disability: A review. The Rehabilitation Professional, 22(1), 9-16.
Fink, A. (2003). The survey handbook (Vol. 1). Thousand Oaks, CA: Sage.
Fletcher, J. M., Lyon, G. R., Barnes, M., Stuebing, K. K., Francis, D. J., Olson, R. K.,...
& Shaywitz, B. A. (2001). Classification of learning disabilities: An evidencebased evaluation. Executive Summary. Paper presented at the Learning
Disabilities Summit: Building a Foundation for the Future. Washington, DC,
August 27-28.
Fuchs, L. S., Compton, D. L., Fuchs, D., Paulsen, K., Bryant, J. D., & Hamlett, C. L.
(2005). The prevention, identification, and cognitive determinants of math
difficulty. Journal of Educational Psychology, 97(3), 493-513.
http://dx.doi.org/10.1037/0022-0663.97.3.493
Gall, M. D., Borg, W. R., & Gall, J. P. (1996). Eductional research: An introduction.
London, UK: Longman.
Garnett, K. (1998). Math learning disabilities. Learning Disabilities Journal of CEC.
Reprinted by Learning Disabilities Online: LD InDepth. Retrieved January 21,
2017, http://www.ldonline.org/ld_indepth/ math_skills/garnett.html
Geary, D. C. (1993). Mathematical disabilities: Cognitive, neuropsychological, and
genetic components. Psychological Bulletin, 114(2), 345.

136
Geary, D. C. (2002). Mathematical disabilities: What we know and don’t know.
Retrieved January 23, 2017, from, http://www.ldonline.org/ld_indepth/
math_skills/geary_math_dis.html
Geary, D. C., & Hoard, M. K. (2005). Learning disabilities in arithmetic and
mathematics. In J. I. D. Campbell (Ed.), Handbook of mathematical cognition
(pp. 253-267). New York, NY: Psychology Press.
Geary, D. C., Hoard, M. K., Nugent, L., & Bailey, D. H. (2012). Mathematical cognition
deficits in children with learning disabilities and persistent low achievement: A
five-year prospective study. Journal of Educational Psychology, 104(1), 206.
Gersten, R., Chard, D. J., Jayanthi, M., Baker, S. K., Morphy, P., & Flojo, J. (2009).
Mathematics instruction for students with learning disabilities: A meta-analysis of
instructional components. Review of Educational Research, 79(3), 1202-1242.
Gersten, R., Jordan, N. C., & Flojo, J. R. (2005). Early identification and interventions
for students with mathematics difficulties. Journal of Learning Disabilities, 38(4),
293-304.
Gilbert, S. J., & Burgess, P. W. (2008). Executive function. Current Biology, 18(3),
R110-R114.
Gilmore, C., Attridge, N., Clayton, S., Cragg, L., Johnson, S., Marlow, N.,...Inglis, M.
(2013). Individual differences in inhibitory control, not non-verbal number acuity,
correlate with mathematics achievement. PLoS One, 8(6). doi:10.1371/journal.
pone.0067374
Ginsburg, H. P. (1997). Mathematics learning disabilities: A view from developmental
psycology. Journal of Learning Disabilities, 30(1), 20-33.
Gioia, G. A., Isquith, P. K., Guy, S. C., & Kenworthy, L. (2000). Test review behavior
rating inventory of executive function. Child Neuropsychology, 6(3), 235-238.
Gioia, G. A., Isquith, P. K., Retzlaff, P. D., & Espy, K. A. (2002). Confirmatory factor
analysis of the Behavior Rating Inventory of Executive Function (BRIEF) in a
clinical sample. Child Neuropsychology, 8(4), 249-257. Doi:10.1076/chin.
8.4.249.13513
Glossary of psychological terms. (2017). Retrieved from http://www.apa.org/research/
action/glossary.aspx
Greenbaum, T. L. (1998). The handbook for focus group research. Thousand Oaks, CA:
Sage.

137

Hale, E. L., & Moorman, H. N. (2003). Preparing school principals: A national
perspective on policy and program innovations. Washington, DC: Institute for
Educational Leadership; Edwardsville, IL: Illinois Education Research Council.
Hallahan, D. P., & Mercer, C. D. (2001, August). Learning disabilities: Historical
perspectives. Executive summary. Paper presented at the Learning Disabilities
Summit: Building a Foundation for the Future, Washington, DC.
Hancock, M. (2013). Implementing Standards for Mathematical Practice. Retrieved
from http://www.louisianabelieves.com/docs/common-core-state-standardsresources/guide-teacher-planning-for-math-practice-implementation.pdf
Harris, K. R., Reid, R. R., & Graham, S. (2004). Self-regulation among students with LD
and ADHD. Learning About Learning Disabilities, 3, 167-195.
Hart, T., & Jacobs, H. E. (1993). Rehabilitation and management of behavioral
disturbances following frontal lobe injury. The Journal of Head Trauma
Rehabilitation, 8(1), 1-12.
Herr, K., & Anderson, G. L. (2014). The action research dissertation: A guide for
students and faculty. Thousand Oaks, CA: Sage.
Hudson, P., Miller, S. P., & Butler, F. (2006). Adapting and merging explicit instruction
within reform-based mathematics classrooms. American Secondary Education,
19-32.
Hull, T. H., Miles, R. H., & Balka, D. S. (2014). Realizing rigor in the mathematics
classroom. New York, NY: Corwin.
Johnson, E. S., Humphrey, M., Mellard, D. F., Woods, K., & Swanson, H. L. (2010).
Cognitive processing deficits and students with specific learning disabilities: A
selective meta-analysis of the literature. Learning Disability Quarterly, 33(1),
3-18.
Jordan, N. C., & Hanich, L. B. (2003). Characteristics of children with moderate
mathematics deficiencies: A longitudinal perspective. Learning Disabilities
Research and Practice (Wiley-Blackwell), 18(4), 213. doi:10.1111/15405826.00076
Judge, S., & Watson, S. M. (2011). Longitudinal outcomes for mathematics achievement
for students with learning disabilities. Journal of Educational Research, 104(3),
147-157.
Kauffman, J. M. (2004). The President’s Commission and the devaluation of special
education. Education and Treatment of Children, 307-324.

138

Kegan, R. (1982). The evolving self : problem and process in human development.
Cambridge, MA: Harvard University Press.
Kilpatrick, J., Swafford, J., Findell, B., & National Academy of Sciences-National
Research Council, WDC Center for Education. (2001). Adding it up: Helping
children learn mathematics. Washington, DC: National Academy Press.
Kiltz, G., Danzig, A., & Szecsy, E. (2004). Learner‐centered leadership: A mentoring
model for the professional development of school administrators. Mentoring and
Tutoring: Partnership in Learning, 12(2), 135-153. doi:10.1080/136112
6042000239901
Lee, D. L., Lylo, B., Vostal, B., & Hua, Y. (2012). The effects of high-preference
problems on the completion of nonpreferred mathematics problems. Journal of
Applied Behavior Analysis, 45(1), 223-228. doi:10.1901/jaba.2012.45-223
Lehto, J. (1996). Are executive function tests dependent on working memory capacity?
Quarterly Journal of Experimental Psychology: Section A, 49(1), 29-50.
doi:10.1080/027249896392793
Lyon, G. R., Fletcher, J. M., Shaywitz, S. E., Shaywitz, B. A., Torgesen, J. K., Wood,
F. B., Olson, R. (2001). Rethinking learning disabilities. In C. E. Finn, A. J.
Rotherham, & C. R. Hokanson, Jr. (Eds.), Rethinking special education for a new
century (pp. 259-287). Washington, DC: Thomas B. Fort Foundation.
Maccini, P., & Gagnon, J. C. (2002). Perceptions and application of NCTM standards by
special and general education teachers. Exceptional Children, 68(834), 325-344.
Maccini, P., Strickland, T., Gagnon, J. C., & Malmgren, K. (2008). Accessing the general
education math curriculum for secondary students with high incidence disabilities.
Focus on Exceptional Children, 40(834), 1-32.
Mahone, E. M., Cirino, P. T., Cutting, L. E., Cerrone, P. M., Hagelthorn, K. M.,
Hiemenz, J. R.,...Denckla, M. B. (2002). Validity of the behavior rating inventory
of executive function in children with ADHD and/or Tourette syndrome. Archives
of Clinical Neuropsychology, 17(7), 643-662.
Mascolo, J. T., Alfonso, V. C., & Flanagan, D. P. (Eds.). (2014). Essentials of planning,
selecting, and tailoring interventions for unique learners. Hoboken, NJ: John
Wiley & Sons.
Mateas, V. (2016). Debunking myths about the standards for mathematical practice.
Mathematics Teaching in the Middle School, 22(2), 92-99.
Meltzer, L. J. (1996). Strategies for success: Classroom teaching techniques for students
with learning problems. Austin, TX: PRO-ED.

139

Meltzer, L. (2010). Promoting executive function in the classroom. New York, NY:
Guilford.
Meltzer, L. (2011). Executive function in education: From theory to practice. New York,
NY: Guilford.
Miranda, A., Webb, L., Brigman, G., & Peluso, P. (2007). Student success skills: A
promising program to close the academic achievement gap for African American
and Latino students. Professional School Counseling, 10(5), 490-497.
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T.
D. (2000). The unity and diversity of executive functions and their contributions
to complex “frontal lobe” tasks: A latent variable analysis. Cognitive Psychology,
41(1), 49-100.
Miyake, A., Friedman, N. P., Rettinger, D. A., Shah, P., & Hegarty, M. (2001). How are
visuospatial working memory, executive functioning, and spatial abilities related?
A latent-variable analysis. Journal of Experimental Psychology: General, 130(4),
621.
Monsell, S. (1996). Control of mental processes. In V. Bruce (Ed.), Unsolved mysteries of
the mind: Tutorial essays in cognition (pp. 93-148). Hove, UK: Erlbaum.
Montague, M. (1997). Cognitive strategy instruction in mathematics for students with
learning disabilities. Journal of Learning Disabilities, 30(2), 164-177.
Montague, M. (2008). Self-regulation strategies to improve mathematical problem
solving for students with learning disabilities. Learning Disability Quarterly,
31(1), 37-44.
Morris, N., & Jones, D. M. (1990). Memory updating in working memory: The role of
the central executive. British Journal of Psychology, 81(2), 111-121.
Mascolo, J. T., Flanagan, D. P., & Alfonso, V. C. (2014). Essentials of planning,
selecting, and tailoring interventions for unique learners. Somerset, UK: John
Wiley & Sons.
National Council of Teachers of Mathematics (NCTM). (2000). Principles and standards
for school mathematics. Reston, VA: National Council of Teachers of
Mathematics.
National Governors Association Center for Best Practices, Council of Chief State School
Officers. (2010). Common Core State Standards: Math. Washington, DC: Author.

140
O’Connell, S., & SanGiovanni, J. (2013). Putting the practices into action: Implementing
the Common Core Standards for Mathematical Practice, K-8. Portsmouth, NH:
Heinemann.
Passmore, C., Dobbie, A. E., Parchman, M., & Tysinger, J. (2002). Guidelines for
constructing a survey. Family Medicine (Kansas City), 34(834), 281-286.
Peng, P., Congying, S., Beilei, L., & Sha, T. (2012). Phonological storage and executive
function deficits in children with mathematics difficulties. Journal of
Experimental Child Psychology, 112(4), 452-466.
Powell, S. R., Fuchs, L. S., & Fuchs, D. (2013). Reaching the mountaintop: Addressing
the Common Core standards in mathematics for students with mathematics
difficulties. Learning Disabilities Research and Practice, 28(1), 38-48.
QSR International. (2017). What is NVIVO? Retrieved on December 14, 2017, from
http://www.qsrinternational.com/nvivo/what-is-nvivo
RESEARCHILD. (2015). About SMARTS. SMARTS lessons and the Common Core.
Retrieved from https://smarts-ef.org/about/smarts/
Roditi, B. N., & Steinberg, J. (2007). The strategic math classroom: Executive function
processes and mathematics learning. In L. Meltzer (Ed.), Executive function in
education: From theory to practice (pp. 237-260). New York, NY: Guilford.
Rubinsten, O., & Henik, A. (2009). Developmental dyscalculia: Heterogeneity might not
mean different mechanisms. Trends in Cognitive Sciences, 13(2), 92-99.
Salazar, P. S. (2007). The professional development needs of rural high school principals:
A seven-state study. Rural Educator, 28(3), 20-27.
Schreiber, J.B., & Asner-Self, K. (2010). Eductional Reasearch. Wiley Global Education.
Scanlon, D. (2013). Specific learning disability and its newest definition: Which is
comprehensive? And which is insufficient? Journal of Learning Disabilities,
46(1), 26-33.
Schillinger, M. (2015). Successfully implementing core standards for students with
disabilities: A professional development guide (S. Bevilacqua Ed.). Palm Beach
Gardens, FL: LRP Publications.
Schoenfeld, A. H. (1987).What’s all the fuss about metacognition? In A. H. Schoenfeld
(Ed.), Cognitive science and mathematics education (pp. 189-215). Mahwah, NJ:
Erlbaum.
Schreiber, J. (2011). Educational research. Hoboken, NJ: Wiley.

141

Seigle, P., Lange, L., & Macklem, G. (1997). Open circle curriculum. Wellesley, MA:
Reach Out to Schools Social Competency Program, The Stone Center, Wellesley
College.
Shriner, J. G., Kim, D., Thurlow, M. L., & Ysseldyke, J. E. (1993). IEP’s and standards:
What they say for students with disabilities (Tech. Rep. No. 5). Minneapolis, MN:
National Center on Educational Outcomes. (ERIC Document Reproduction
Service No. ED 358 659)
Silva, J. (2004). Teaching inclusive mathematics to special learners K-6. Thousand Oaks,
CA: Corwin.
St. Clair-Thompson, H. L., & Gathercole, S. E. (2006). Executive functions and
achievements in school: Shifting, updating, inhibition, and working memory. The
Quarterly Journal of Experimental Psychology, 59(834), 745-759.
Stein, M., Kinder, D., Silbert, J., & Carnine, D. W. (2005). Designing effective
mathematics instruction: A direct instruction approach. New York, NY: Pearson.
Stockall, N. (2017). Designing homework to mediate executive functioning deficits in
students with disabilities. Intervention in School and Clinic, 53(1), 3-11.
doi:10.1177/1053451217692565
Taylor, C. A., Liang, B., Tracy, A. J., Williams, L. M., & Seigle, P. (2002). Gender
differences in middle school adjustment, physical fighting, and social skills:
Evaluation of a social competency program. The Journal of Primary Prevention,
23(2), 259-272.
Thorell, L. B., & Catale, C. (2014). The assessment of executive functioning using the
Childhood Executive Functioning Inventory (CHEXI). In Handbook of executive
functioning (pp. 359-366). New York, NY: Springer.
Tomlinson, C. A. (2001). How to differentiate instruction in mixed-ability classrooms.
Alexandria, VA: ASCD.
Woodward, J., & Montague, M. (2002). Meeting the challenge of mathematics reform for
students with LD. The Journal of Special Education, 36(2), 89-101.

142

Appendix A
Manual

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

Appendix B
Potential Participants Interest Form
[Date]
Print Name

Signature

E-Mail
…@everettsd.org
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Appendix E
Information and Consent Letters to Participants

Permission to Recruit Participants
Date:
Dear:
My name is Heather Lechner. I am a Director of Special Services, and also a doctoral
candidate in the Columbia University, Teachers College Urban Education Leadership
Program. As part of my doctoral dissertation, I am conducting a study to determine the
effectiveness of a manual designed to bridge the gaps in students with a math learning
disability and a deficit in executive functioning and the eight Standards for Mathematical
Practice .
My faculty sponsor is Professor Brian Perkins who may be reached at Urban Education
Leadership Program, Columbia University Teachers College, 525 West 120th Street, Box
67, New York 10027. His telephone number is (212) 678-3071; his email addresses are
bp58@columbia.edu or globalcenters.columbia.edu/riodejar. I would like permission to
recruit participants from the EPS special services department, EPS math department, EPS
principals and EPS K-5 special education teachers who teach math.
As part of my study, participants will be asked to do the following:
1. Executive Function Development Needs Assessment Survey (EFDNA, 2017)
which should take about 15 minutes to complete online.
https://www.surveymonkey.com/r/6FNMDML
2. Unlocking the Eight Standards for Mathematical Practice Evaluation Survey
(UES, 2017) in which participants will review, rate and provide feedback on the
manual Unlocking the Eight Standards for Mathematical Practice and K-5 MLD
Students with Cognitive Deficits in Executive Functioning (Lechner, 2017) this
should take 1 hour to complete. https://www.surveymonkey.com/r/ZYT6QVJ
3. Participation in the study will take approximately 150 minutes: participants will
take approximately 15 minutes to complete the EFDNA, (2017) The UES survey
which should take about 20 to 30 minutes will be analyzed to consider initial
revisions to the manual and to identify 8 to 10 participants who will be invited to
review the manual Unlocking the Eight Standards for Mathematical Practice
(Lechner, 2017) during a focus group meeting lasting approximately 90 to 100
minutes.
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There are no known risks associated with the participation in this research beyond those
of everyday life. Participation is strictly voluntary and there are no consequences for
choosing not to participate or withdrawing from the study. Although there is no monetary
reward, this manual on skills and strategies to increase executive functioning in math may
prove to be a valuable tool for special education teachers and administrators.
Confidentiality of all participants will be maintained. The results from the GDE (2017)
will determine who will be invited to review the manual Unlocking the Eight Standards
for Mathematical Practice (Lechner, 2017). They will be invited to review the manual
during a focus group session at a mutually agreed upon time. The feedback from the
focus group and experts in education will be used to improve the manual, Unlocking the
Eight Standards for Mathematical Practice for Students with Mathematical Learning
Disabilities and Cognitive Deficits in Executive Functioning (Lechner, 2017). All
information collected from the study will only be accessible by the researcher. The
completed individual responses will be kept secure, under physical lock and key, for five
years after the project has been completed. After the five years, it will be destroyed with a
paper shredder and recycled.
I am requesting that I be allowed to discuss this proposal and study for ten minutes during
one of the ILT meetings, at a facilitator meeting and to send email invitations to math
specialist and directors as well as special education teachers to briefly inform potential
participants of the nature and purpose of my study. Interested individuals will be sent the
EFDNA survey through a link on the computer.
Any additional questions regarding the project can be directed to me, Heather Lechner at
504-453-3013 or hkl2114@tc.columbia.edu.
Please sign below, indicating whether or not you give me permission to recruit
participants at your site. The second copy is for your records.
Respectfully,
Heather Lechner
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Permission to Recruit Participants

______

Yes, I give permission for Heather Lechner to recruit participants for this
research project at this site.

_______

No, I do not give permission for Heather Lechner to recruit participants for
this research project at this site.

_________________________________
Print

Name

_________________________________
Date

_____________________________
Signature

____________________________
Title/Role
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Correspondence and Consent Form to EPS Administrators, Specialist, Facilitators,
Teachers of Students with MLD, and Experts in the Field
Date:

Dear Participant:
You are being invited to participate in a study to validate a manual designed to develop
the executive functioning skills in students with a math learning disability and deficits in
executive functioning. As an identified expert, you will review and provide feedback on
the manual, Unlocking the Eight Standards for Mathematical Practice for Students with
Mathematical Learning Disabilities and Cognitive Deficits in Executive Functioning
(Lechner, 2017), designed to develop the executive functioning skills in students with a
math learning disability and deficits in executive functioning.
This study is being conducted by Heather Lechner, a public director of special services
and a doctoral candidate at Columbia University Teachers College, as part of her doctoral
dissertation. Her faculty sponsor is Professor Brian Perkins, who may be reached at
Urban Education Leadership Program, Columbia University Teachers College, 525 West
120th Street, Box 67, New York 10027. His telephone number is (212) 678-3071; his
email addresses are bp58@columbia.edu or globalcenters.columbia.edu/riodejar.
If you agree to participate in this study, you will be asked to do the following:
▪
▪
▪
▪

Executive Function Development Needs Assessment Survey (EFDNA, 2017)
which should take about 15 minutes to complete online.
Review the manual Unlocking the Eight Standards for Mathematical Practice
(2017), which should take 45 minutes to 1 hour to complete.
Complete Unlocking the Eight Standards for Mathematical Practice Evaluation
Survey (UES, 2017), which takes approximately 20 minutes to complete online.
You may be asked to participate in a focus group of 8 to 10 individuals, who will
meet at a mutually agreed upon time for approximately 90 to 100 minutes, to
review and provide feedback on the manual Unlocking the Eight Standards for
Mathematical Practice (2017).

Your participation in this study is strictly voluntary and greatly appreciated. There are no
known risks associated with participation beyond those of everyday life, and there are no
consequences for choosing not to participate or withdrawing from the study. Although
there is no monetary reward, the manual on the development of executive functioning
skills in students with a math learning disability and deficits in executive functioning may
prove to be a valuable tool in increasing the achievement of students in Everett Public
Schools.
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Confidentiality of your research record will be strictly maintained. The information
collected from this study will only be accessible by the researcher and will be kept
secure, under physical lock and key for five years after the research has been completed.
After five years, it will be destroyed with a paper shredder and recycled.
Any additional questions regarding this study, your role as a participant, or, if you would
like to report a research related problem, you may contact Heather Lechner at
hkl2114@tc.columbia.edu, or her faculty sponsor Professor Brian Perkins, at the address
mentioned in the first paragraph. For questions about your rights as participant, please
contact Teachers College, Columbia University Institution Review Board-Office of
Research Compliance by phone at 212-678-4105 or by e-mail at irb@tc.edu.
You have received a copy of this document to keep.
Respectfully
Heather Lechner

Agreement to Participate

________

I have voluntarily consented to participate in the study on developing the
manual Unlocking the Eight Standards for Mathematical Practice for
Students with Mathematical Learning Disabilities and Cognitive Deficits
in Executive Functioning (Unlocking the Eight Standards for
Mathematical Practice , 2017). I am aware of the purpose of the study,
and my right to withdraw my consent to participate at any time. I am also
aware that there are no known risks beyond those of everyday life.

_________________________________
Print

Name

_________________________________
Date

_____________________________
Signature

____________________________
Title/Role
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Appendix F
Focus Group Moderator’s Discussion Guide and Protocols

Focus Group Discussion Guide and Protocols
1. Welcome
● The moderator introduces and describes the roles of himself as moderator,
the note taker and person overseeing the audio recording.
● The moderator directs participants to the sign in sheet and reviews and
signs the consent form.
● The moderator collects the signed consent forms and the attendance sheet.
● Participants are asked to select a seat and write their name on a name
card/tent.
2. The moderator reviews the purpose and guidelines for participants:
The moderator reads the following information to the group.
The purpose of this study is to research, develop, test, and validate the manual,
Unlocking the Eight Standards for Mathematical Practice for Students with
Mathematical Learning Disabilities and Cognitive Deficits in Executive
Functioning (Unlocking the Eight Standards for Mathematical Practice , 2017).
This manual is designed to provide the district special education department
facilitators, math directors and specialists, school principals and elementary
special education math teachers resources to increase executive functioning skills
in an elementary special education math class. The use of the skills and strategies
to support and develop executive functioning will facilitate the increased use of
the SMP by identified students to improve the conceptual understanding of
mathematics, resulting in increased mathematical achievement.
You were selected based on your responses to the BDGE survey and your
representative group to ensure diversity of voice and perspective in this focus
group.
You are being asked to provide feedback on the manual, Unlocking the Eight
Standards for Mathematical Practice for Students with Mathematical Learning
Disabilities and Cognitive Deficits in Executive Functioning (Unlocking the Eight
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Standards for Mathematical Practice , 2017). You are encouraged to focus on the
content and ease of use.
This session will last approximately 90 to 100 minutes. There is no penalty for
choosing not to complete this focus group session.
No one will be identified by name in the final analysis. Information provided by
you is completely confidential. It is important that all information be kept private
and confidential. You are being asked not to discuss the nature and content of the
focus group once the session is complete.
There is no right or wrong answer to the focus group questions. We encourage
you to share your perspective even when it differs from others. Diverse
perspectives are important, and all feedback is welcomed and is essential to
informing and refining the manual.
To ensure that we hear each voice and that we can capture your statements, the
following are the norms for the focus group:
1. Only one person speaks at a time
2. All statements made during the focus group are confidential
3. If you need to step out for any reason that you do so quickly and
quietly and that you return as soon as possible
4. Use of electronics (other than the official recorder) are discouraged
Although there is no monetary reward, the manual on the development of
executive functioning skills in students with a math learning disability and deficits
in executive functioning may prove to be a valuable tool in increasing the
achievement of students in Everett Public Schools.
This session is being audio recorded to preserve its record to ensure that feedback
is captured to inform and refine the module. If you are uncomfortable being
recorded during the session, you may choose not to speak and provide feedback
on the manual in writing.
3. Icebreaker
The moderator asks each participant to state his or her name, their role in the
district and a memorable moment they have from a math class.
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4. Focus Group Questions:
●
●
●
●
●
●
●
5.

What aspects of the manual worked well?
What aspects of the manual need to be improved?
What are your suggestions for improvement?
Will the strategies presented in the manual increase EF to facilitate students’
access to the SMP?
Are there particular EF strategies that should be targeted to support access to the
SMP?
Are the strategies able to be generalized across the SMP?
Does the time required to teach the EF strategies effect the instructional pacing of
the class?
Moderator summarizes key points of the discussions and asks participants for any
last feedback or thoughts.

6. When the focus group is complete, the moderator thanks all participants and
reminds participants of the confidentiality agreement.
7. Immediately after all participants leave, while the audio is still being recorded, the
moderator and the note taker debrief the session, labeling the notes and recording
with the date, time and name of the event.
8. Materials and supplies for focus group
●
●
●
●
●
●
●
●
●
●
●
●

Directional signs for room
Chairs
Table for recording device and note taker
Sign-in sheet
Consent forms (one copy for participants, one copy for the team)
Name tags
Pads & Pencils for each participant
Focus Group Discussion Guide for Moderator
Recording device
Permanent marker for marking tapes with focus group name, facility, and date
Computer for taking notes
Refreshments
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Appendix G
Focus Group Consent Form
Consent to Participate in Focus Group
You have been asked to participate in a focus group sponsored by Columbia University,
Teachers College, Urban Education Leadership Program. The purpose of this focus group
is to review and provide feedback on the manual, Unlocking the Eight Standards for
Mathematical Practice for Students with Mathematical Learning Disabilities and
Cognitive Deficits in Executive Functioning (Unlocking the Eight Standards for
Mathematical Practice 2017). The information gathered from the focus group will be
used to inform and revise the manual, Unlocking the Eight Standards for Mathematical
Practice (2017).
There is no tangible incentive for participating. However, your thoughtful feedback will
help to develop a manual that others may use to support and development of executive
function in students with MLD, which may have implications for future research.
You can choose whether or not to participate in the focus group and stop at any time.
Although the focus group will be audio recorded, your responses will remain anonymous
and no names will be mentioned in the report. Should you choose not to be audio
recorded, you may provide feedback on the manual in writing.
There is no right or wrong answer to the focus group questions. We encourage you to
share your perspective even when it differs from others. Diverse perspectives are
important, and all feedback is welcomed and is essential to informing and refining the
manual.
Information provided by participants is completely confidential. It is important that all
information be kept private and confidential. All participants are being asked not to
discuss the nature and content of the focus group once the session is complete.
I understand the purpose and expectations of the focus and agree to participate fully
under the conditions stated above.
Print Name: _____________________________________
Signature: _____________________________________
Date: _____________________________________
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Appendix H
Focus Group Confirmation E-Mail
[Date]
Dear _______________________,
Thank you for your willingness to participate in the focus group. As discussed on the
phone and through e-mails, the focus group is an opportunity for me to hear your ideas
and opinions about the manual, Unlocking the Eight Standards for Mathematical Practice
for Students with Mathematical Learning Disabilities and Cognitive Deficits in Executive
Functioning. You will participate in a focus group with eight to ten other participants.
Your responses to the questions will be kept confidential.
There is no tangible incentive for participating. However, your thoughtful feedback will
help to develop a manual that others may use to support and development of executive
function in students with MLD, which may have implications for future research.
The date, time, and place are listed below. Please look for signs once you arrive, directing
you to the location of the focus group will be held.
DATE:
TIME:
PLACE:

If you need directions to the focus group or will not be able to attend for any reason, please
call or e-mail Heather Lechner at 504-453-3013 or hkl2114@tc.columbia.edu. Otherwise,
we look forward to seeing you.
Respectfully,
Heather Lechner, Doctoral Candidate
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Appendix I
Focus Group Participants Attendance Sheet
Focus Group Participants Attendance
[Date]
Print Name

Signature

E-Mail
…@everettsd.org

