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Understanding the Innovation of Utilizing Universal Design for Learning in Integrated STEM
Classrooms by Early Adopters

Daniel Steger
Academic Abstract
Integrated STEM education and Universal Design for Learning (UDL) have been often
theorized as compatible. However, there has been little research done to understand how UDL is
used in real-world integrated STEM classrooms. Our study aimed to understand how current
practicing educators in integrated STEM classrooms combine these teaching methodologies.
This was done through a combination of interviews and document analysis of lesson plans, and
supplementary information. To evaluate what elements of UDL were used in the documents,
researchers developed a UDL codebook based off of the 31 checkpoints in the Center for
Applied Special Technology (CAST) UDL guidelines. The goal of the study was to understand
how the adoption of UDL could spread across all integrated STEM educators. Therefore, our
study viewed the use of UDL in an integrated STEM classroom as an ‘innovation' and analyzed
our results through Diffusion of Innovation theory. Specifically looking to providing
understanding to the ‘innovation' through Rogers 5 Attributes of innovations. The study found
that all except two UDL checkpoints were proved to be compatible within integrated STEM
classrooms, and were categories developed to explain how the participant achieved these
checkpoints. The findings also show that not all UDL checkpoints occur at the same frequency.
Through Diffusion of Innovation theory, our study showed that Integrated STEM educators
believe that UDL is automatically adopted by educators using Integrated STEM teaching
methodologies. They expressed problems associated with implementing some UDL checkpoints,
and providing overall themes of complexity when implement UDL in an Integrated STEM

classroom.



Understanding the Innovation of Utilizing Universal Design for Learning in Integrated STEM
Classrooms by Early Adopters

Daniel Steger
Public Abstract

Integrated STEM education and Universal Design for Learning (UDL) are two teaching
methodologies that have been often theorized to be compatible. However, there has been little
research done to understand how UDL is used in real-world integrated STEM classrooms. The
study aimed to understand how current practicing educators in integrated STEM classrooms
combine these teaching methodologies. This was done through a combination of interviews and
document analysis of lesson plans, and supplementary information. To evaluate what elements of
UDL were used in the documents, researchers developed a UDL codebook based off of the 31
checkpoints in the Center for Applied Special Technology (CAST) UDL guidelines. The goal of
the study was to understand how the adoption of UDL could spread across all integrated STEM
educators. Therefore, our study viewed the use of UDL in an integrated STEM classroom as an
‘innovation' and analyzed our results through Diffusion of Innovation theory, which
conceptualizes an innovation spread through a population. The study found that all except two
UDL checkpoints were proved to be compatible within integrated STEM classrooms, and were
categories developed to explain how the participant achieved these checkpoints. The findings
also show that not all UDL checkpoints occur at the same frequency. Through Diffusion of
Innovation theory, our study showed that Integrated STEM educators believe that UDL is
automatically adopted by educators using Integrated STEM teaching methodologies, but when
discussing the implementation of specific UDL checkpoints themes about the complexity of the

innovation emerged.
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1. CHAPTER ONE: INTRODUCTION
1.1. BACKGROUND

Students with disabilities who are enrolled in general education classrooms are more than
twice as likely to continue into post-secondary education compared to their segregated peers
(Rojewski et al., 2015). To address these student’s needs, teachers utilize inclusive teaching
practices. Universal Design for Learning is considered an inclusive teaching practice that
provides a framework aimed at minimizing barriers and optimizes learning for all students based
on scientific evidence (CAST, 2018). Universal Design for Learning (UDL) is a well-
documented teaching methodology that addresses the needs of all learners. Access STEM (2007)
a conference of disability education professionals proposed to use UDL in concert with Science,
Technology, Engineering, and Mathematics (STEM) education models to effectively reach both
traditional and non-traditional learners.

The use of UDL in STEM teaching methodologies or other more traditional teaching
methods have to be shown success in the classroom through educational research studies. The
success of UDL being tested in different teaching methodologies has been done through:
qualitative analysis of improvement in skills, confidence and academic performance from both
an participants and outside perspective (Basham, Meyer, et al., 2010; Dymond et al., 2006);
testing through improvements based on pre-post testing before and after the intervention of UDL
methods (Coyne et al., 2012; Dalton et al., 2011; Hall et al., 2015; Katz, 2013; King-Sears et al.,
2015; Lieber et al., 2008; Marino, 2009); and a combination of qualitative and quantitative
analysis (Marino et al., 2014; Rappolt-Schlichtmann et al., 2013). There has also been extensive

literature documenting the compatibility and complementarity of these two teaching



methodologies, albeit limited understanding of if and how these two methodologies are
integrated and applied in real classroom settings.

Various publications have provided extensive detail regarding “how” to integrate STEM
and UDL, which have similar methodologies and could be used together in an effort to make
STEM classes more accessible to all learners ("Access STEM Building capacity to include
students with disabilities in science, technology, engineering, and mathematics fields. Seattle,"
2007; Basham & Marino, 2013; Goeke & Ciotoli, 2014; Hwang & Taylor, 2016; Israel et al.,
2015; Marino et al., 2010; Moon et al., 2012). A few studies have tested the implementation of
STEM and UDL through models and researcher designed curriculum (Basham, Israel, et al.,
2010; Basham & Marino, 2013; Dunn et al., 2012; Gonzalez & Fryer, 2014; Villanueva & Di
Stefano, 2017), while no research to our knowledge has been done analyzing the compatibility of
STEM and UDL in real world classrooms based on real classroom problems and factors. The
question becomes how can they be combined in real-world settings to promote STEM learning
that is accessible to all learners?

Understanding the real-world combination of these two methodologies is complicated.
Part of the difficulty arises from the widely used but poorly defined term STEM education, and
the ambiguity of UDL implementation. STEM education in its basic form is an acronym used for
Science, Technology, Engineering, and Mathematics. Integrated STEM is one of the many
methods of teaching STEM subjects. Integrated STEM relies on the interconnected nature
between STEM subjects and attempts to develop lessons that force students to draw multiple
content areas while developing their personal and academic skills (Bybee, 2013). These
ambiguous factors in previous studies make it difficult to analyze, compare, and execute follow-

up studies. Another problem with the literature to date is the all-or-nothing approach to



examining the methodology in a classroom. For example, Universal Design for Learning is a
teaching methodology with loosely defined principles that could be interpreted and executed in
many ways. According to CAST (2011), Universal Design for learning is defined as providing
students with multiple means of representing information, multiple means of engaging with that
information, and multiple means of expressing an understanding of that information. But, within
each of these elements' educators are allowed flexibility in how they reach those goals. This
flexibility makes it difficult to understand the combination of how these two methodologies are
used in classrooms.
1.2. STATEMENT OF THE PROBLEM

There has been a great deal of literature explaining the plausible compatibility of
combining STEM and UDL teaching methodologies. The bulk of the literature is based in
preliminary research including practitioner’s wisdom and literature reviews to explain “how” to
integrate STEM and Universal Design for Learning teaching methodologies ("Access STEM
Building capacity to include students with disabilities in science, technology, engineering, and
mathematics fields. Seattle," 2007; Basham & Marino, 2013; Goeke & Ciotoli, 2014; Hwang &
Taylor, 2016; Israel et al., 2015; Marino et al., 2010; Moon et al., 2012) Researchers have begun
developing models, case studies and exploratory studies to discover more about the innovation
(Basham, Israel, et al., 2010; Basham & Marino, 2013; Dunn et al., 2012; Gonzalez & Fryer,
2014; Villanueva & Di Stefano, 2017). A few empirical research studies have been conducted on
the combination of the two teaching methodologies of STEM and UDL. However, these
classrooms were designed not by practicing educators but by researchers who are experts in both
the field of UDL and STEM education (Basham & Marino, 2013; Izzo & Bauer, 2015; Malian,

2011; Marino, 2010; Marino et al., 2010; Street et al., 2012). The question becomes, if STEM



and Universal Design for Learning (UDL) teaching methodologies have theoretical similarities,
what changes and adaptations are made by educators in order to fit the needs of an Integrated
STEM classroom? To our knowledge, there has been no research investigating what aspects of
UDL are being used in integrated STEM classrooms.

1.3. PURPOSE OF THE STUDY & OVERALL APPROACH

In order to understand how these methodologies are actually interpreted and executed,
researchers need to investigate how Universal Design for Learning is actually used in integrated
STEM classrooms. The purpose of this study is to understand the potential for widespread
adoption of Universal Design for Learning by educators already utilizing Integrated STEM
education methods through Diffusion of Innovation theory. By evaluating lessons and capturing
the perspectives of the portion of the population of Integrated STEM educators trained in UDL
and who claim to be using it in practice in their classrooms, researchers can evaluate what
principles of Universal Design for Learning are being utilized and what are left out. Evaluating
the rationale behind the decisions made by the educators to include or leave out elements of UDL
can provide insight into the priorities of the population.

This study used Diffusion of Innovation Theory (Rogers, 2003) to analyze the nature of
the innovation of using UDL in Integrated STEM education classrooms. Rogers (2003) defines
innovation as "an idea, practice, or object that is perceived as new by individuals or a unit of
adoption" (Rogers, 2003, p. 11). Our goal is to provide an understanding of the actions and
perspective of the early adoptive portion of the population's use of the innovation. We can then
use Roger's five attributes of innovations (Rogers, 1995) to asses the data for the potential

adaptability and dissemination of the innovation. Providing understanding about the innovation,



in this case, the use of UDL in Integrated STEM classroom, is the first step in understanding
what may aid or hinder the adoption of this innovation by this or any population of educators.
1.4. RESEARCH OBJECTIVES & QUESTIONS
Our research questions are based on a overarching question with subsequent follow-up and sub
questions. The research questions for this project are as follows:
If Integrated STEM and Universal Design for Learning (UDL) teaching methodologies have
theoretical similarities, what changes and adaptations are made by educators in order to fit the
needs of their Integrated STEM classroom?
1. How is the innovation of utilizing Universal Design for Learning in Integrated STEM
education classrooms being implemented in real-world classrooms?
a. In what ways do adopters meet Universal Design for Learning checkpoints?
b. What challenges do adopters encounter when implementing Universal Design for
Learning?
c. At what frequency does Universal Design for Learning checkpoints occur in the
data?
2. What do patterns of the adopter’s implementation say about the adoption of the
innovation?
3. What do the actions and decisions of the adopters say about the innovation through

Rogers (1995) five attributes of innovations?



2. CHAPTER TWO: LITERATURE REVIEW

2.1. STEM EDUCATION

STEM education is a term developed in the 1990s by the National Science Foundation
(NSF); It was originally called "SMET" for the same acronym of "Science, Mathematics,
Engineering, and Technology" (Sanders, 2008). The idea of STEM originally developed from the
separate courses of Science, Technology, Engineering and Mathematics holding similarities in
teaching methodology and content areas. Since its inception STEM has evolved to hold many
meanings to educators worldwide, making “STEM” into a buzzword in education that is
interpreted in many different ways. According to Bybee (2013), there are seven definitions of
STEM education that are all current models for educational curriculum and practice: i) STEM
means just science education, ii) STEM means a combination of math and science education, iii)
STEM means science education with the incorporation of technology, engineering or
mathematics, iv) STEM means four separate disciplines, v) science and math are connected by
one technology program, vi) STEM means coordination between teachers across disciplines, vii)
STEM means a seamless integration across disciplines. STEM education teaching methods also
include Engineering Design/ Build projects and the utilization of technology both as learning
tools and as lecture material (Howland et al., 2012). Scherer et al (2017) conducted a systematic
review wherein they found that educators in Agriculture, Food, and Natural Resource Education
fields use one of the following methods for teaching STEM education in classrooms: problem-
based learning, multiple instructional methods, hands-on activities, inquiry-based learning
(discovery or scientific), competition, experimental and learning. According to this review, many
lessons were also designated as unspecified in their instructional methods (Scherer, 2017). As

Scherer's et al (2017) review indicates, the definition of STEM education within research and



practitioner’s wisdom as well as the associated teaching methods are still vague and not
universally applied. For the sake of research in the field, educational studies need to include
explicit details including the teaching methods, student engagement, and terminology for their
definition of "STEM". With this information, connections can be drawn and findings and new
research can develop.
2.2. PROBLEMS FACING STEM STUDENTS WITH DISABILITIES

Students with disabilities face a plethora of problems when participating in STEM
courses. STEM teaching methods can cause difficulty because they vary in their challenges for
students with different needs. Inquiry-based instruction can present problems for a student who
has problems remaining on task. Remaining on task during group work can prove difficult for
students with high incidences disabilities, specifically those with learning disabilities and ADHD
(McGrath & Hughes, 2018). On the flip side of the spectrum, Integrated STEM approaches such
as problem-based learning or discovery education are unstructured, relying on independent
research and group communication to solve the problems. This could be problematic for students
who struggle with social skills, unclear schedules, or communication issues. Students with
autism, communication disorders, or are struggling with their peers may face challenges (Gobbo
et al., 2018). The relatively quick transition from the representation of material to activities in
STEM education lessons provides little time to digest information. This could cause problems for
students who may require longer to process information because of cognitive overload
(Gonzalez, 2016).

Teachers also have expressed difficulties with the inclusion of students with disabilities
in classrooms. One of the most influential barriers for students in STEM education is the comfort

level of educators teaching students with disabilities. In an examination of 323 science teachers,



Alston et al. (2002) found that most teachers held misconceptions about the abilities of students
with learning disabilities. The researchers found that teachers often misunderstood what these
students needed to be successful in their classroom and they attributed the misunderstandings to
a lack of preparation to teach students with disabilities (Alston et al., 2002). The present unease
in teaching students with special needs is still expressed by educators today. According to
Spektor-Levy (2017), teachers express the interest of including students in their science
classrooms but feel a lack of training to teach all learners. The positive experience of being
supported by the instructor and classmates has a tremendously positive effect on all students’
STEM career interests, with or without disabilities (Dunn et al., 2012). Yet, low expectations and
a lack of proper accommodations by teachers act as a key barrier that prevents students from
succeeding in STEM fields ("Access STEM Building capacity to include students with
disabilities in science, technology, engineering, and mathematics fields. Seattle," 2007)

2.3. UNIVERSAL DESIGN FOR LEARNING (UDL)

Connell et al. (1997) coined the term Universal Design and identified seven principles
that need to be addressed when creating a structure: equitable use, flexibility in use, simple and
intuitive use, perceptible information, tolerance for error, low physical effort, size and space in
approach and use. In its original meaning, Universal Design included all types of disabilities
(i.e., physical and mental) and mostly focused on building construction flaws that limited people
with disabilities from an entrance. Rose & Mayer (2002) further refined these principles and
developed the term Universal Design for Learning, which is still used today. Universal Design
for Learning shifts the focus from physical limitations to limitations within a classroom setting.

The goal of UDL is to focus on the end result of the lesson and not pre-specify how those



outcomes are reached. Rose & Mayer (2002) defined UDL as providing instruction with
multiples means of representation, engagement, and assessment.

Multiple means of representation is defined as providing multiple methods of stimuli in
order for students to understand and retain lesson material (Rose & Meyer, 2006). The typical
methods for introducing information to students is through a variety of media including a
textbook, websites, pictures, graphics, and video. Multiple means of strategic engagement are
defined by Rose & Meyer (2006) as providing multiple methods to strategically engage
individuals in the classroom. This would include the process and participation of the lesson
along with the lesson ‘hook’(Rose & Meyer, 2006). The final principle for UDL is multiple
means of expression, which is defined as how students can express the information they have
understood. According to Rose & Mayer (2002) assignments can be designed in different ways
that are more conducive to the learner’s needs to allow more students the opportunity to
demonstrate mastery, comprehension or application. They went on to say assessments can come
in the form of final projects, papers, repeating lessons, multimedia demonstrations, or final
products (Rose & Meyer, 2002). The Center for Applied Special Technology (CAST) articulated
and expanded upon these core principles into a checklist guideline format. This allows
researchers and educators to reevaluate their curriculum based on achievable objectives ("CAST
Universal Design for Learning Guidelines version 2.0.," 2011). CAST has continued to update
the website udlguidelines.cast.org, but as of 2018 the 31 UDL checkpoints remain the same
(CAST, 2018)

2.4. THE INNOVATION OF COMBINING STEM AND UDL TEACHING

METHODOLOGIES



In 2008 The Reauthorization of the Higher Education Opportunity Act that allowed
students with disabilities better access to post-secondary education by encouraging curriculum
development through the principles of UDL. Since then, there has been a stream of educational
studies and application publications attempting to merge the principles of UDL within a
classroom, including extensive work in the STEM fields. Connections between STEM education
and UDL can be drawn through UDL's models of multiple means of representation, engagement,
and assessment.

2.4.1. Providing Multiple Forms of Representation

Students learn in different ways by comprehending and understanding different media
more efficiently than others. In order to do this, an educator must provide multiple forms of
stimuli to allow the learner to understand content through a preferred medium (CAST, 2018).
Educators combining STEM education and Universal Design for Learning teaching methods
such as the use of demonstrations, models, modeling of process, watching videos, databases of
information, pictorial representations, animations and, 3-D videos (Israel et al., 2015; 1zzo, 2012;
Marino, 2010; Marino et al., 2010). Outside of visual and kinetic representation of information
providing options for displaying information through auditory representation is done in concert
with other forms or representation (King-Sears et al., 2015). How the material is represented is
also important through both UDL and STEM education. Clear organization of information
through the use of low-tech methods such as graphic organizers and strategy sheets are common
in classrooms using STEM and UDL (CAST, 2018; "CAST Universal Design for Learning
Guidelines version 2.0.," 2011; King-Sears et al., 2015; Marino, 2010).

The guidelines for representation in the CAST (2011) handbook for conducting UDL

instruct educators to draw from multiple backgrounds, highlight patterns, and emphasize big
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ideas between content areas. Key teaching methods in STEM education including discovery-
based education, problem-based education, and interdisciplinary STEM education all rely on
drawing connections between subject matter and learner backgrounds. This has been
accomplished through a technique used within both STEM education and UDL to accomplish
optimal organization called scaffolding of material. Scaffolding of material involves overlapping
related chunks of information, which allows for generalization between different content and
lessons (CAST, 2011). Scaffolding between subject matter is highlighted in the interdisciplinary
nature of STEM education (Bargerhuff, 2013; Basham, Israel, et al., 2010; Hwang & Taylor,
2016) and scaffolding of materials has been proven effective in both UDL and STEM teaching
methods (Basham & Marino, 2013; King-Sears et al., 2015; McCleery & Tindal, 1999).
2.4.2. Providing Multiple Forms of Strategic Engagement

Similarities have been drawn between strategic engagement and STEM education as well.
CAST (2018) explains that providing options for recruiting interest maintains student’s
engagement. STEM education provides multiple methods for engaging in coursework through
the development of the lesson ‘hook'. Scientific inquiry strategies are used within STEM
education as a method for engaging student's attention. Scientific inquiry strategies have been
shown to engage both students with disabilities and students without disabilities (Bargerhuff,
2013; Palincsar et al., 2001). A suggested method in CAST (2018) for increasing strategic
engagement of students is to provide relevant value and authenticity to the lesson content. This is
done in STEM through the use of real-world problems and real-world design challenges
(Basham, Israel, et al., 2010; Dunn et al., 2012; Hwang & Taylor, 2016). Student intrinsic
motivation in the subject matter can be increased by drawing personal connections from the

students to the material (Izzo, 2012; Marino et al., 2014)
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Courses like architecture, computers, and astronomy provide opportunities to use STEM
subject matter outside the restrictions of science and mathematics state-mandated testing (Israel
et al., 2015; Izzo, 2012; Marino et al., 2010). According to Hehir et. al (2013). students with
disabilities enroll in CTE programs at a disproportionately high rate. Students with high
incidence disabilities make up approximately 17 % of students in CTE classrooms. In cities,
vocational schools up to 30% of the student body in CTE classrooms had needs defined by the
Individuals with Disabilities Education Act (IDEA) (Hehir et al., 2013). CTE classrooms can
serve to benefit and hinder the learning of students with learning disabilities. In a quantitative
study observing 30 CTE classrooms, Casale-Giannola (2011) noted that CTE classrooms have
the opportunity for differentiated instruction, active learning, real-life connections, cooperative
learning and relationship development. However, CTE classrooms can also hinder the learning of
students with learning disabilities due to weak basic skills and poor teacher training (Casale-
Giannola, 2011). By using real-world problems facing an industry, classroom subjects are put in
situations students may face in their future careers, further increasing awareness in how subject
matter is used in the real world (Goeke & Ciotoli, 2014; Gonzalez & Fryer, 2014; Hwang &
Taylor, 2016). Engagement in STEM courses can be improved through the use of peer-led
learning. Peer-lead learning has been shown to have a positive impact on both students with and
without disabilities in STEM courses through direct instruction or dialog circles ("Access STEM
Building capacity to include students with disabilities in science, technology, engineering, and
mathematics fields. Seattle," 2007; Bargerhuft, 2013; Street et al., 2012).

2.4.3. Providing Multiple Forms of Action and Expression
The final principle for UDL is multiple means of expression or assessment, which is

defined as how students can express or demonstrate mastery in a subject (CAST, 2018).
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Educators in a STEM classroom have allowed students to utilize multiple forms of media to
express understanding. Some of these media include speech, text, drawing, illustration design,
film music, visual arts, video, social media web-based tools, and storyboard (Bargerhuff, 2013;
1zzo, 2012; Marino et al., 2014).

CAST (2018) also states that accomplishing the goal of providing students with multiple
options for expression involves using a variety of strategies to solve problems. A few teaching
methods within STEM that utilize multiple methods of problem-solving include engineering and
design-based learning, which both focus on allowing autonomy to student's problem solving
(Basham & Marino, 2013; Marino et al., 2010). These methodologies include providing
examples of solutions to problems while allowing students to develop and test their own.
Researchers into the innovation of utilizing UDL in STEM classrooms have also made note of
STEM classrooms’ ability to accomplish other objectives including providing flexible
assessments (CAST, 2018), allowing for methods for timely progress monitoring (Basham &
Marino, 2013; Izzo, 2012), and reinforcement of self-management strategies (King-Sears et al.,
2015).

2.5. DIFFUSION OF INNOVATION THEORY

Diffusion of Innovation theory is based on the stages of change that occur within a
community when an innovation is introduced. Rogers (2003) defines innovation as “an idea,
practice, or object that is perceived as new by individuals or a unit of adoption” (Rogers, 2003, p.
11). Diffusion of Innovation theory discusses that there are different factors that are involved in
an innovation being adopted. Rogers (2003) hypothesized that there are four main elements to
Diffusion of Innovations theory. The four main elements consist of (1) the innovation (2) the

communication channels within the population about the innovations (3) how long is the time of
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diffusion among the population (4) the social system within the population (Rogers, 2003).
Rogers (2003) also explains the general stages of how an innovation is generated, the general
stages each member of member of the population will take when deciding to adopt the
innovation, and factors about the adopters themselves that could increases the likelihood of the
innovation being adopted. Rogers (2003) determined that there were 5 variables that determined
the rate of adoption of an innovation: (a) the perceived attributes of the innovation, (b) the
different types of innovation decisions, (¢) communication channels of the social system, (d) the
overall nature of the social system, (e) the extent of a promotional effort by change agents.

The focus of this study is to evaluate how integrated STEM educators utilize Universal
Design for Learning in their real-world classrooms. Diffusion of Innovation theory Can be used
by researchers to investigate the disconnect between the practical application of innovations and
the theoretical compatibility of innovations. This can be accomplished through evaluation of the
innovations through Rogers (1995) five attributes of innovations that influence the rate of
adoption: (1) relative advantage, (2) compatibility, (3) complexity, (4) trialability, and (5)
observability. “Relative advantage is the degree to which an innovation is perceived as being
better than the idea it supersedes" (Rogers, 2003, p. 212). Although Rogers (2003) focuses on the
monetary advantages of an innovation, educational research has switched the focus to the
specific pedagogical advantage of an innovation over its predecessor. Benette and Benette (2003)
discussed the relative pedagogical advantages of educational instructional technology, but the
idea holds true for teaching methodologies as well. "Most instructional technologies are so
flexible and can be put to so many uses that it is impossible to identify their intrinsic value.
Rather, the value of the technology will depend on the ways in which it is used" (Bennette and

Benette, 2003, p. 56). Therefore, in order to determine the relative advantage of a teaching
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methodology, it is important to identify how it is perceived as useful by the adopters.
“Compatibility is the degree to which an innovation is perceived as consistent with the existing
values, past experiences, and needs of potential adopters." (Roger, 2003, p. 224). Compatibility
of the innovation is broken down into three sections (1) the population's values and beliefs about
the innovation, (2) the innovations compatibility with previously introduced ideas, and (3) the
compatibility with the population's needs. In the field of education, the educator's beliefs and
values about an innovation affect the rate of adoption either positively or negatively. The
innovation needs to be compatible with the teacher’s previous teaching methodologies, but not so
similar that it is not considered an innovation. An innovation that is too similar can appear to
offer no advantages over to its predecessor and won’t be adopted (Hahn 1974). An innovation
must also fit the needs of the educator in order to be accepted by the community. “Complexity is
the degree to which an innovation is perceived as relatively difficult to understand and use"
(Rogers, 2003, p. 242). The rate of adoption for innovations that are perceived as complex are
reduced compared to innovations that are easier to understand. This means that educational
teaching methods that are perceived as too complex are less likely to be adopted “Trialability is
the degree to which an innovation may be experimented with on a limited basis” (Roger, 2003, p.
243). This characteristic means that if an innovation is easier to try for a short time, the
innovation is more likely to be adopted by the population. In educational systems, in order for
educators to try a new teaching methodology, it can require a great deal of time and effort to
learn the basic implementation, which can reduce the likelihood of adoption of the innovation.
“Observability is the degree to which the results of an innovation are visible to others” (Rogers,
2003, p. 244). This characteristic means that if an innovation is readily available and widely

introduced to an individual, the innovation is more likely to be adopted. In education social
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systems there is increased evidence that diffusion has a higher success rate when it is spread
through personal interactions or in small groups (Dancy & Henderson, 2010; Prince et al., 2013).
There is extensive previous work explaining that STEM education and Universal Design
for learning methodologies hold theoretical compatibilities ("Access STEM Building capacity to
include students with disabilities in science, technology, engineering, and mathematics fields.
Seattle," 2007; Basham & Marino, 2013; Goeke & Ciotoli, 2014; Hwang & Taylor, 2016; Israel
et al., 2015; Marino et al., 2010; Moon et al., 2012) but there is no research that has been done to
examine what this innovation looks like in Integrated STEM classrooms while being exposed to
all of the factors of a real-world situation. Fully describing the innovation itself and how it is
used in the field today is an essential first step in promoting the spread of UDL into all integrated

STEM classrooms.
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3. CHAPTER THREE: METHODOLOGY
3.1. RESEARCH DESIGN
This study utilized a qualitative research design for collecting and analyzing data.
Qualitative studies rely on a diverse set of methodologies and steps. These studies focus on the
analysis of phenomenon through text, images, lived experiences, interviews and first-hand
observations (Creswell & Creswell, 2017). Qualitative analyses are meant to examine the whole
picture of a phenomenon through words and actions of those who live the phenomenon. In this
study, I analyzed what elements of Universal Design for Learning were used in Integrated STEM
in real-world classrooms, along with the decision-making rationale behind what elements of
UDL included or excluded in the classrooms. The inclusion and exclusion of UDL elements in
Integrated STEM classrooms, along with the decision-making perspective of the educators
require qualitative analysis to understand the entire workings of the phenomenon.
3.1.1. Research Questions
The research questions for this project are as follows:
If Integrated STEM and Universal Design for Learning (UDL) teaching methodologies have
theoretical similarities, what changes and adaptations are made by educators in order to fit the
needs of their Integrated STEM classroom?
1. How is the innovation of utilizing Universal Design for Learning in Integrated STEM
education classrooms being implemented in real-world classrooms?
a. In what ways do adopters meet Universal Design for Learning checkpoints?
b. What challenges do adopters encounter when implementing Universal Design for

Learning?
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c. At what frequency does Universal Design for Learning checkpoints occur in the
data?
2. What do patterns of the adopter’s implementation say about the adoption of the
innovation?
3. What do the actions and decisions of the adopters say about the innovation through

Rogers (1995) five attributes of innovations?
3.2. THEORETICAL BASE FOR THE PROJECT
This research not only focuses on what is currently being done in the fields of combining
Integrated STEM education and Universal Design for Learning methodologies but the potential
for adoption of UDL methodologies to all Integrated STEM classrooms. This project analyzed
what elements of Universal Design for learning are used in Integrated STEM in real-world
classrooms, along with the decision-making rationale behind what elements of UDL are included
or excluded in the classroom. To develop a study completely framed in a theoretical
background, this project focused on Diffusion of Innovation theory, specifically better
understanding the use of UDL in Integrated STEM classrooms as an Innovation. The project's
framework, including sampling and interpreting of results, was be framed using Diffusion of
Innovation theory

Defining innovation: The project interpreted the use of Universal Design for Learning in
real-world Integrated STEM classrooms as an innovation. By viewing the phenomenon as an
innovation, researchers evaluated the individual elements of UDL being present or absent in
Integrated STEM lessons and the teacher’s rationale behind the decisions to include or leave out

through Rogers’ (1995) five attributes of innovations that influence the rate of adoption. This
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allowed researchers the opportunity to better understand the innovation and its potential for
adoption.

Population selection: The attractiveness of using Diffusion of Innovation Theory is the
ability to better understand the elements of an innovation from the perspective and actions of the
early adoption portion of the population. Researchers aimed to study teachers who have
completed graduated coursework training in Integrative STEM teaching methods and inclusive
practices including UDL and who currently use these practices in their real-world classrooms.
This focuses the project on the early adopter portion of the target population of integrated STEM
educators, who consist of educators currently teaching UDL through Integrated STEM
methodology. The completion of the Integrated STEM courses demonstrates a knowledge of
Integrated STEM teaching methods. To make sure the participants were truly adopters of the
Integrated STEM teaching methodologies, researchers evaluated their lesson plans through a
rubric designed to evaluate Integrated STEM lesson plans. The sample population has also taken
a course in inclusive practices including UDL to complete their degree. This means that the
population for this study has the training necessary to adopt the innovation of utilizing UDL in
Integrated STEM classrooms and therefore could articulate what elements of the innovation they
adopted or chose not to adopt.

Understanding the innovation: Through Diffusion of Innovation theory, researchers can
better understand the characteristics of the innovation that affect its rate of adoption. Rogers
(1995) theorized that there are five factors about an innovation that affect its rate of adoption,
these include: (a) relative advantage, (b) compatibility, (¢) complexity or simplicity (d)

trialability (5) observability. By examining the findings through these 5 factors, the reaserchers
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were able to determine factors that encourage or fail to encourage the spread of this innovation
within the Integrated STEM education community.
3.3. ROLE OF RESEARCHER

I am a 25-year-old, white, male, who grew up in a working middle-class household. I am
a master's student, working as a graduate research assistant in the Agricultural, Leadership, and
Community Education department at Virginia Tech. My experiences with Integrated STEM
education and Inclusive classrooms are derived from personal and educational experiences. To
highlight one point of experience is personally being diagnosed with a High Incidence Disability,
Dyslexia and ADHD. I was diagnosed in 3rd grade and throughout my tenure in grade school, I
became familiar with forms of inclusion from the perspective of a student. Another example of
my personal experience is through my master's work in an educational program. My degree
focuses around developing Integrated STEM education classrooms through the agricultural
medium. I have also worked as a Graduate Intern at Wake Forest University’s Learning
Assistance Center and Disabilities Services, helping work with students with disabilities in a
post-secondary setting one on one to help reach their academic goals.

I naturally view this investigation through the perspective of a teacher and as a student.
While every student's needs are different, I have felt the struggles of being in a class where
lectures are not geared toward my needs. I have also instructed students with disabilities and
understood the burden of redeveloping curriculum to fit the needs of all learners. I believe that
teachers have the power to create environments conducive to all learners. I believe in the
constructivist theory that states the environment created around students provides the
opportunities for learner development. But, if those opportunities are skewed towards particular

learning style, the minority of students will suffer.
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3.3.1 Epistemology and Ontology of Researcher

Pragmatism: This study was designed around the researcher’s beliefs about the field of
educational and educational research through pragmatism. The purpose and design of this
research study were chosen based on the usefulness perceived by educators and researchers in
the field. Stressing the usefulness of a study to the field is derived from the educator’s pragmatic
beliefs. Blake (2003) wrote about the application of the ethos of pragmatism in educational
research by saying that understanding of the meaning and practices of educational ideas comes
from focusing on their reflexive thinking though actual experimentation. This allows researchers
to reduce the amount of “educational rubbish” in the field. The research designed in this study is
derived from my belief that there are too many educational studies in the field of combining
UDL and STEM without substantial explanation and reflection of educational practices. The
clarification and screening methods are aimed to provide clarity and usefulness for future
researchers and educators in this field.
3.4. TARGET POPULATION AND SAMPLE

The target population for this study is current teachers utilizing integrative STEM
teaching methodologies in their classroom. This project used a purposeful sample of teachers that
have completed coursework and training in Integrated STEM education methods through a
graduate-level STEM Education Certificate Program with an elementary level concentration.
Teachers created a STEM education portfolio with copies of Integrated STEM lessons they had
designed for their current classrooms in a required course for the STEM education certificate
program. If a teacher did not have access to their STEM education portfolio, the researchers

asked to review Integrated STEM lessons that they were willing to share, along with any

21



supplemental information the teacher was willing to provide, including pictures and videos that
they had used to document the lessons execution

In 2012, the code of Maryland Regulations (COMAR)13A.03.06 required the use of
UDL guidelines in the development of curriculum, instructional materials, instruction,
professional development, and student assessment. This means that our educators are trained in
both Integrated STEM education and at least familiar with Universal Design for Learning by
teaching in the state of Maryland. Therefore, they are prime candidates to evaluate how an
educator chooses to use UDL in an Integrated STEM classroom. Our sample population is made
up of teachers currently or previously teaching at the Elementary levels in public school systems,
through Integrated STEM teaching methods. By examining trained teachers in Integrated STEM
education settings, researchers can evaluate the presence or absence of UDL principles, the
educator's rationale behind their decisions and perspectives to better understand the innovation
and its potential for adoption by the remainder of the target population. There are 24 teachers
currently in the alumni database for the STEM Education Certificate Program.
3.5. RECRUITMENT

All 24 teachers in the database were contacted and invited to participate in our researcher
study. The director of the program sent an introduction email to all graduates of the STEM
Education Certificate Program. Researchers then sent a formal email invitation to the potential
participants, explaining the nature of the project and what would be required of them. This study
conducted 2 rounds of recruitment. The first round of recruitment occurred in May of 2018.
Because the participants are practicing educators, a May recruitment conflicted with standardized

testing in the state of Maryland. We conducted a second round of recruitment in late June. Of
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those 24 teachers, 5 volunteered to participate. The official IRB approved email, consent forms
and interview guilds are found in Appendix C, D, and E.
3.6. DATA COLLECTION

Qualitative data was collected through a document analysis of Integrated STEM lesson
plans and a 45-minute interview with the creator of the Integrated STEM lesson plans about the
lesson's execution, educator's perspective on the innovation, and the educator's decision making
rationale for including or not including elements of UDL. Two weeks prior to starting document
analysis, the researcher contacted the participant and asked which of the lessons in the portfolio
have been used in their classroom, making it clear the researcher will only be looking for lessons
that they have taught. Two pieces of data were collected from each participant in the study.
Participants were asked to allow the researchers access to view their Integrated STEM lesson
plans in their portfolios or provide alternate integrated STEM lessons for document analysis and
participate in a 45-minute.

Each teacher's STEM portfolio was personalized to their classroom needs and had
different material included based on the teacher. However, included in all these STEM portfolios
are a collection of integrated STEM lessons. Additionally, supplemental materials were found in
the portfolios that provided additional insight for document analysis including: personal notes on
the lesson plans, post-lesson reflections, lesson revisions, case studies about students of interest
in their class (a student with an ESOL barrier and a student with an emotional/ behavioral
barriers), assignment responses, and pictures and videos of the lesson's execution. Of the 5
teachers in the study, 3 provided access to their STEM portfolio, 1 provided access to an
extensive lesson plan, and 1 provided access to an entire month-long Integrated STEM unit. The

data sources for the study included 22 lesson plans. One interview was conducted for each of the
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participants. In total there were 67 supplemental documents in addition to the lesson plans in the
STEM portfolios.
3.7 INSTRUMENTATION AND DATA ANALYSIS

Qualitative data collection and analysis was conducted in five stages, (Figure 1) with data
sources including lesson plans, supplemental information and interview transcript. First, lesson
plans from each participant provided were scored on the adapted Integrated STEM rubric
(Appendix A). All lessons that scored lower than an average score of 1 on the adapted integrated
STEM rubric were excluded from document analysis. All qualifying data provided by the
participants were coded for Universal Design for Learning Checkpoints. An interview was
scheduled where participants were asked about elements of UDL not discovered in their
provided materials. Both the provided documents and interviews were then recorded with the
participants perspective in mind and used to create categories within the Adapted Universal
Design for Learning Codebook (Appendix B). All collected data were coded for and interpreted

through Rogers (1995) five attributes of innovations that influence the rate of adoption.
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Figure 1: Flowchart of Project Stages
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3.7.1. Stage 1: Integrated STEM Lesson Screening

All lessons were evaluated based on their alignment with integrated STEM education
principles. The purpose of this section is to clarify what methodology of STEM education was
used for the lessons.
3.7.1.1. Stage 1 Instrumentation: Integrated STEM Rubric

These lessons were evaluated on a rubric adapted from the Integrated Agriculture
Education (IAE) rubric (Appendix A) designed by Robinson (2017). The rubric designed by
Robinson (2017) was created to evaluate and guide educators to incorporate integrated STEM
mathematics principles into their lessons. The original rubric was designed to evaluate both
lesson plans and video of the lesson’s execution. Our adapted rubric was changed to evaluate
only lesson plans highlighting the use of integrated STEM principles within a lesson. The
adapted rubric consists of 12 questions, that highlight the 5 characteristics of integrated STEM
lessons found in Robinson's (2017) systematic review of STEM literature. These characteristics
include: (1) utilization of two or more subject areas within a context; (2) coursework produced
should be practical and/or authentic; (3) making strategic effort to promote critical thinking and
problem-solving skill development; (4) methods are student-centered; and (5) technology is
utilized consistently (Robinson, 2017). The adapted rubrics provide a score of 0 through 3 for
each element of integrative STEM Education classrooms. The adapted rubric was piloted by 2
trained educators in Integrated STEM education on lessons provided by one of the participants.
The lesson was scored originally by the researcher and then piloted by the 2 trained integrated
STEM educators. The results were compared and the overall average scores between the

researcher and other educators differed by only (0.083 and 0.16) on a 0-3 scale. Any rubric items
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with discrepancies were revised based on score and pilot's comments. When the rubric was
finalized, it was used for the remainder of the data collection.
3.7.1.2. Stage 1 Analysis: Qualified Integrated STEM Lesson Selection

All lessons from each participant were evaluated on the adapted Integrated STEM rubric.
If the combined average for the selected lesson was lower than 1, it was considered only a
general STEM lesson and was excluded from the study. All qualified lessons moved on to stage
2 of the document analysis. The result of our screening methods is found in Appendix F. All 22
lessons provided by participants had an average STEM rubric score higher than 1 and therefore
qualified for the study.
3.7.2. Stage 2: Initial Coding of Elements of Universal Design for Learning in Documents

To evaluate what elements of Universal Design for Learning were implemented in the
qualified lessons and supplemental information, we used an adapted version of the CAST (2011)
v.2 guidelines (Appendix B) as a codebook to inform the qualitative analysis of the lesson plans
and the transcripts of the interviews. Basham and Garder (2010) proposed methods to evaluate
and measure the implementation of UDL into a curriculum or program. One method they
believed to be effective is using CAST’s guidebook as checkpoints for an evaluation. Since
Basham & Garder’s publication, CAST has revised their guidebook to provide a more in-depth
guide to UDL implementation. This method was used to evaluate implementing of UDL in other
STEM curriculum (Marino et al., 2014) and is widely cited as a guide to implementing UDL
principles into any curriculum (Basham & Gardner, 2010; Gonzalez & Fryer, 2014; Marino,
2010; Marino et al., 2014; Villanueva & Di Stefano, 2017). Because UDL has many forms of
implementation, the CAST UDL guidelines have provided a systematic guide to help evaluate

the strengths and weaknesses of educators’ use of UDL.
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According to the CAST UDL guidebook, in order to help educators reach the 3 main
principles of UDL (providing multiple means of representation, engagement, and expression),
the guidelines provide 9 sections that inform each of the 3 objectives. Within those 9 sections,
the guideline provides 31 checkpoints that inform educators whether they have met the goals of
the 9 sections. we used the 31 total checkpoints to identify what elements are used in Integrated
STEM classrooms, by adapting the UDL guidebook to a UDL codebook (Appendix B).
Codebooks are used as a method of informing qualitative analysis, by refining how researchers
evaluate the data. For each of the 31 checkpoints, the codebook contains an explicit definition
taken from the CAST UDL Guidelines or a summarizing sentence explaining the meaning of the
checkpoint, along with a list of "implementation examples" taken directly from the original
CAST UDL Guidelines.

Each qualified lesson including supplemental information, was coded for pedagogical
purposes and practices by matching the corresponding pedagogical purpose behind each CAST
UDL guideline checkpoint. The data was interpreted based on the total available information
provided.

3.7.3. Stage 3: Data Collection: Interview with Integrated STEM educator

To gain a better perspective on the implementation of the innovation, we conducted an
interview with the participants. The goal of the interview section was to provide insight into
answering our research questions from the perspective of early adopters of the innovation. The
interview section sought to remove the ambiguity of the document analysis and provide
educational practitioners’ insights into the decisions and rationale about what elements of UDL

were not included in the material available for document analysis. This further provided insight
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into understanding the innovation with questions aimed at informing Rodgers (1995) 5 attributes
of an innovation that influence the rate of adoption.
3.7.3.1. Stage 3 Instrumentation: Interview protocol

The 45-minute interview consisted of 4 sections (Appendix E), These sections consisted
of standard and customized questions for each interview. The first part of the interview provided
the participant with insight into the investigation of this research project. Part 1 consisted of one
question aimed at identifying if the educator applies a conscious effort into using Universal
Design for Learning in their Integrated STEM classroom. This question provided insight into the
rational and decision-making process of the educator, as to whether they had adopted or failed to
adopt Universal Design for Learning in their classroom.

Based on the educator response to part 1, part 2 had 2 version of questions, both seeking
to provide insight into Rogers (1995) five attributes of innovations that influence the rate of
adoption: (1) relative advantage, (2) compatibility, (3) complexity, (4) trialability, and (5)
observability. The questions were designed to specifically target responses towards each of the
attributes while allowing the participant to elaborate on their rationale. If the participant said yes
in part 1, we proceeded to ask questions from part 2A which has the educator expand upon their
rationale for using UDL in their classrooms. If the participant said no in part one, we proceeded
to part 2B, which has educators expand upon why they do not perceive they use UDL. Both part
2A and part 2B have questions aimed at informing Rogers (1995) five attributes of innovations
that influence the rate of adoption. Follow up questions were asked for clarification and
elaboration to provide further insight into the 5 attributes. The interview question (Appendix E,
question 2Aa, 2Ba) was targeted to gain the perspective of the educator on what are the Relative

advantages of using the innovation or how the adopter perceives the Innovation as better than the
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idea that superseded it. The interview question for Compatibility aimed to provide context into
that educator's experience with students with disabilities in their integrated STEM classroom,
demonstrating a need for the innovation (Appendix E, question 2Ab, 2Bb). Complexity was
investigated by a combination of targeted interview questions and interview specific UDL
checkpoint questions investigating rationale behind problems faced when implementing a UDL
checkpoint by the participants (Appendix E, questions part 4). The targeted interview questions
focus on the educator's perceived beliefs on the difficulty of implementing UDL in an Integrated
STEM classroom (Appendix E, question 2Ad, 2Bd). The Interview specific questions were
designed to identify what checkpoints of UDL were not utilized and evaluate why. The targeted
questions aimed at Trialability sought to evaluate the educator's perception of how other
educators could try this innovation on a trial basis (Appendix E, questions 2Ae, 2Be). The
targeted questions for Observability aimed to evaluate the educator's perception of how other
educators could observe this innovation within their community (Appendix E, question 2Ae). A
question also focused on whether the use of UDL in an Integrated STEM classroom would be
recognizable to someone without formal training (Appendix E, question 2Aea, 2Aeb, 2Bf).

Part 3’s interview questions were designed to investigate UDL checkpoints that cannot be
evaluated by document analysis of the integrated STEM lesson plan and supplemental material
alone. These questions aimed to evaluate checkpoints # 6.1, 6.2, 6.4, 9.1, 9.2, 9.3 (Appendix B)
focus on goal setting and self-regulation that required data collection via specific questions on
the educator’s classroom teaching practices. Part 3 consist of 2 questions asked at every
interview. If the participant responded that they utilize the checkpoint in questions 3a or 3b, we
either moved on to the next question or asked an elaboration question to clarify their original

response. If the participant responded that they do not utilize the checkpoint in questions 3a or 3b
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or indicated that there were difficulties with that UDL checkpoint implementation, researchers
asked a follow-up question aimed at having the educator expand upon the problems they faced
with that checkpoint.

Part 4 transitioned into questions aimed at UDL checkpoints not found in the participant's
specific integrated STEM lessons and supplemental material. These questions were customized
based on results from what UDL checkpoints were seen in the document analysis. These
questions were designed around UDL checkpoints that were not easily identifiable in the
document analysis of the documents alone. This part includes specific questions designed to
remove some of the ambiguity of researcher document analysis and provide further insight into
the actions of the participant as a whole. These checkpoint questions were formed before the start
of each interview. Each interview's questions were therefore customized based on the availability
of the pedagogical purposes found in the data corresponding to each UDL checkpoint. Each of
the selected part 4 questions were aimed at evaluating if and how a UDL checkpoint was
utilized. If the participant's response indicated that the requirements for the checkpoint were
significantly met, the researcher proceeded to the next checkpoint. If the checkpoint was not met,
however, the researcher asked a follow-up question to investigate the decision-making rationale
of the participant. Follow-up questions were only asked for checkpoints that not satisfy the
requirements of the checkpoint, or for further clarification. Participants interview responses were
transcribed verbatim. These transcripts were used as data for the remainder of the project.

3.7.4. Stage 4: Second-Cycle Analysis for Elements of Universal Design for Learning
The purpose of this stage of analysis was to use insights into participants perspective
from interview data to refine initial Universal Design for Learning codes found in STEM

portfolios and discover new codes based on a more complete understanding of the participants
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perspective and motivations behind their actions. The UDL codes found in both the original and
second cycle data analysis were refined using the understanding from adopters perspective in
their interview. Using the interview to refine all of the codes found for each participant ensured
that the researcher’s codes matched the pedagogical purpose the adopter sought to achieve.
These refined codes from both the first and second-cycle analysis sorted into the corresponding
UDL checkpoints in the Codebook. The researcher then analyzed all codes for each of the 31
UDL checkpoints in the guidebook individually. All examples found in each checkpoint were
categorized based on similarity in how the examples achieved the UDL checkpoint. These
examples were then compiled into categories.

Similarly, any problem that was expressed by a participant when asked about a specific
UDL checkpoint in the interview was documented. These problems were not formulated into
themes across the 5 participants, but serve to report all of the challenges faced by the adopters in
this study. Researchers also developed a graphic representation of the total number of examples
found in each of the 31 UDL checkpoints. The graphic representation of example found does not
serve as a basis for qualitative analysis, but is intended to provide insight into the trends of
adopters.
3.7.5. Stage 5: Describing The innovation Through Rogers (1995) Five Attribute of Innovations
3.7.5.1. Stage 5: Analysis: initial coding and analysis describing the innovation through Rogers
(1995) Five Attributes of Innovations

To frame the findings of our study we used Rogers (1995) five attributes of innovations
that influence the innovation’s rate of adoption. Each attribute of the innovation was evaluated

with the summation of all of the data collected. Interview transcripts and collected data were
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coded for examples of each of the Five attributes of Innovation. Once the data was coded, these
codes were collected together based on what factor the codes were describing.

All of the codes in each factor were looked at to develop themes about each of the five
attributes. When analyzing the codes found for Compatibility, the researcher evaluated how the
early adopters perceive the innovation as compatible with their existing classrooms, along with
documenting if there was a need for the innovation in Integrated STEM classrooms. When
analyzing the codes found for Complexity, the researcher analyzed the data focusing on the
perceived difficulty in using the innovation. The researcher also evaluated if participants thought
that the innovation required additional effort on the part of adopters to utilize the innovation.
When analyzing the codes found for Trialability, the researcher analyzed the adopters perception
on how difficult the innovation is to use on a short-term basis. When analyzing the codes found
for Observability, researchers analyzed codes based on what adopters perceive is observable
about using the innovation compared to the remainder of the population of integrated STEM
educators.

During this first-cycle analysis a theme emerged that affected how all of the codes were
interpreted. The participants consistently expressed that if a teacher was using Integrated STEM
education, then they were naturally using Universal Design for Learning. The researcher
continued with the coding process for each of the Rogers (1995) five attributes of innovations
that influence the innovation's rate of adoption. Upon closer examination in the coding methods
listed above, the theme was widespread throughout the interviews. It soon became clear that this
finding altered the interpretation of our original codes and therefore the data needed to be with

the understanding of this finding.
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Because this finding was not part of our targeted questions, but showed up constantly
during interviews, after this cycle of data analysis we sent two follow up email to the participants

with a question:

1. From your perspective, if a teacher using your definition of Integrated STEM Teaching
methodology in their classroom, are they automatically using Universal Design for
Learning as well?

2. Is any additional effort needed on the part of the teacher to Implement Universal Design

for Learning in Integrated STEM Classrooms?

Three participants responded all in agreement. Yes, if a teacher is using Integrated STEM

they are automatically using Universal Design for Learning.

These follow up responses confirm our original finding and guided the second-cycle
analysis. The 3 participants expressed that additional effort is needed in order to utilize UDL in
an integrated STEM classroom, which supports our continuing analysis method to understand the

5 attributes that affect the adoption of an innovation.

3.7.5.2. Stage 5: Second-cycle Coding of Documents Through Rogers (1995) Five attributes of
innovation

The lessons, supplemental documents, and interview transcripts were using the methods
described in stage 2. This time, the data was coded with the understanding that the participants
viewed the innovation as already applied in integrated STEM classrooms, leading to the need for
the researcher to determine whether the excerpt still fell within the scope of the study. This

required our researchers to ask two questions about the excerpts.
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The first question was, were the participants talking about UDL being adopted by
Integrated STEM teachers? Or were they talking about both teaching methodologies being
adopted by teachers not currently using either teaching methodology? The later, both
methodologies' being adopted into a non-Integrated STEM classroom, changes the population in
the study. This according to Diffusion of Innovation theory changes the population being
discussed from Integrated STEM educators to all educators moving these responses outside the

scope of our study.

The second question researchers had to decipher prior to data analysis was, "were the
participants discussing the benefits and problems about UDL being used in integrated STEM or
for just Integrated STEM teaching methodology?” Because these two teaching methodologies
are so closely linked in the perspective of the participants, participants would use Integrated
STEM and Universal Design for Learning as synonyms. This would make the benefits and
challenges of each teaching methodology indistinguishable from one another and would make it
difficult to understand UDL's use in Integrated STEM Classrooms. Once the researcher had
deciphered that the participant was discussing Universal Design for Learning’s use in integrated

STEM classrooms, the researcher continued with the original coding method.

3.7.5.3. Stage 5: Analysis: Development of Themes Related to the Diffusion of Innovation

Theory

Once the lessons, supplemental documents, and interviews were coded for Rogers (1995)
five factors of innovations that influence the innovation's rate of adoption, each of the codes was

grouped based on what factor each code represented. Each group of codes corresponding to the
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five attributes was analyzed separately. The remaining codes were looked at as a group and
themes were developed to represent the attribute as a whole.
3.8. ESTABLISHING CREDIBILITY

Establishing credibility of qualitative analysis is derived from explaining the uniqueness
of the study and enhancing the chance of replication in other settings. By clearly explaining the
personal interpretation of data through a reflection of the researcher's bias, values, and personal
experience, the applicability of the study is wider reaching (Creswell & Creswell, 2017). In
Creswell (2017) they list methods for increasing the credibility of a qualitative analysis. In this
study, I implemented multiple strategies to increase the credibility of the findings. (1)
Triangulation of data- this study included multiple forms of data, including participant interviews
along with a document analysis of Integrated STEM lesson plans. (2) Member checking- the
researcher provided multiple opportunities for dialog about the ongoing research with the
participants of the study. Member checking was completed through email follow up questions,
and confirmation of themes and categories found as result of this study (3) Peer examination- the
overall results and reports were reviewed by an advisor and advisory committee. Researchers
UDL coding methods were refined by through discussion with an expert debrief in UDL and
other inclusive teaching practices (4) Clarification of the researcher's bias- the researcher
explained their biases, views and personal experience with the phenomenon, (Creswell &
Creswell, 2017).
3.8.1. Advantages and limitations of Document and Interview Analysis

Document analysis such as analyzing lesson plans has advantages and disadvantages in
qualitative research. Document analysis of lesson plans provides the words and opinions of the

participants. Lesson plans that are implemented often have hours of personalized work
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associated with them. Document analysis provides convenience to the researcher as well, being
time efficient and saving the time of transcription. There are disadvantages to document analysis
as well. Not all of the participants will be comprehensive in their lesson plans and responses. The
lessons may be incomplete or not authentic. This method also requires researchers to find the
elements of UDL in Integrated STEM education throughout the lesson which may not be in
obvious locations (Creswell & Creswell, 2017). Transcripts of interviews about the execution of
the lessons help strengthen the value of the document analysis but only provide a glimpse
through the teacher’s experience teaching the lesson. Interviews can depend on the wording of
the questions asked and the willingness of the participant. An important limitation of this type of
investigation is the subjectivity and inherent bias expressed in the interviewee's interpretation of
what happens in the classroom. This inherent bias limits the generalizability of the findings
within the field of research.

3.9. RESEARCH PERMISSION AND ETHICAL CONSIDERATION

Research permission and ethical considerations need to be taken before, during and after the
study to protect the integrity of the participants and the study. Necessary steps for gaining
research permission have been formatted to the subject of this study (Creswell & Creswell,
2017):

1) The research objectives were articulated in writing prior to the study so that they are clearly
understood by the participant (including a description of how data will be used).

2) Written permission to proceed with the study as articulated and received from the participants
through an email confirmation and signing of the IRB consent form.

3) A research protocol was filed with the Institutional Review Board.

4) The participants were informed of all data collection devices and activities.

37



5) Written interpretations were made available to the informants about their lesson plans and
responses.

6) The informant's rights, interests, and wishes were considered first when choices were made
regarding reporting the data.

7) The final decision regarding informant anonymity rests with the informant. No personal

information was included in the analysis, interpretation, or reporting of the data.
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4. CHAPTER FOUR: RESULTS

4.1 PARTCIPANTS’ EXPERIENCE

Our participants discussed their experiences teaching a variety of students targeted by the
Universal Design for Learning teaching methodology. Our participants have experience teaching
in Integrated STEM classrooms with students with a verity of disabilities including Non-readers,
autism spectrum disorder, non- communicative, Fragile x, other genetic disorders, language
barriers, learning disabilities, hearing impairments, severe behavior and emotional issues, and
students with mental health or trauma-related backgrounds
4.2 RESULTS: ACTIONS OF ADOPTERS FOR EACH UDL CHECKPOINT

Table 1 represents the collection of categories of how integrated STEM educators used
each of the 31 UDL checkpoints. Table 1 also provides explicit examples of how the integrated

STEM educators implemented each of the UDL checkpoints.
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Table 3. Actions of Adopters for Each UDL checkpoint

“To reduce barriers to learning, it is important to ensure that key information is equally perceptible to all

1. Provide learners by: 1) providing the same information through different modalities (e.g., through vision, hearing, or
options for touch); 2) providing information in a format that will allow for adjustability by the user (e.g., text that can be
perception enlarged, sounds that can be amplified)”

“Display each source of 1.1.1Access to built-in accessibility 1.1 Access to build in accessibility

1.1 Offer ways information in a flexible software on laptops software (Examples: text to
of customizing format so that the following speech, online articles, search
the display of perceptual features can be 1.1.2 Teacher will read aloud/ record  engine tools, closed captioning
information varied”’-Pg. 14 reading of class materials

1.1.3 Find identical resources (videos)
in different language

“To ensure that all learners 1.2.1 Access to built-in accessibility
1.2 Offer have access to learning, software on laptops
alternatives for auditory options should be
auditory available for any learning 1.2.2 Find identical resources (videos)
information material, including emphasis,  in different language

presented aurally.”-Pg. 15
1.2.3 Teacher will read aloud/ record
reading of class materials

® The official title of the UDL checkpoint according to the CAST 2011 guidelines

® Either an explicit definition of the UDL checkpoint from the CAST 2011 guidelines or a summarizing definition
¢ Categories of how our participants reached these checkpoints

4 Explicit examples found in the data that correspond to the categories
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“To ensure that all learners 1.3.1 Access to built-in accessibility

1.3 Offer have equal access to visual software on laptops
alternatives for information, it is essential to
visual provide non-visual 1.3.2 Find identical resources (videos)
information alternatives.”-Pg. 15 in different language
1.3.3 Teacher will read aloud/ record
reading of class materials
“Learners vary in their facility with different forms of representation — both linguistic and non-linguistic.
2. Provide Vocabulary that may sharpen and clarify concepts for one learner may be opaque and foreign to another...
options for inequalities arise when information is presented to all learners through a single form of representation. An
language, important instructional strategy is to ensure that alternative representations are provided not only for
mathematical accessibility, but for clarity and comprehensibility across all learners.”

expressions, and
symbols

2.1 Clarify
vocabulary and
symbols

“To ensure accessibility for all, 2.1.1 Students will practice matching  2.1.1 examples match in picture
key vocabulary, labels, icons, word with representation forms, flashcards

and symbols should be linked

to, or associated with, alternate 2.1.2 Teachers provide context to new 2.1.2 Relate word to background,

representations of their vocabulary through guided critical culture, future carriers
meaning”- Pg. 16 thinking/ guiding questions related to
students 2.1.4 Students identify, and
develop their own or group
2.1.3 Use of organizers to develop definitions, discussion or research,
categories apply and store vocabulary 2.1.5

Content first teaching
2.1.4 Students discover new
vocabulary through context 2.1.5 Explicitly giving, discussing
vocab or asking about vocab
2.1.5 Vocab is explicitly given prior to
lesson
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2.2 Clarify
syntax and
structure

“To ensure that all learners
have equal access to
information, provide
alternative representations that
clarify, or make more explicit,
the syntactic or structural

relationships between elements

of meaning”-Pg. 17

Questions and Document analysis
failed to reveal evidence of meeting
these two checkpoints

2.3 Support
decoding of text,
and mathematical
notation, and
symbols

“To ensure that all learners
have equal access to
knowledge, at least when the
ability to decode is not the
focus of instruction, it is
important to provide options
that reduce the barriers that
decoding raises for learners
who are unfamiliar or
dysfluent with the symbols.”-
Pg. 17

2.4 Promote
understanding
across language

For ESOL students providing
linguistically options for
students to learn in their
primary language greatly
increases understanding.

2.4.1 Students develop understanding
through situational context

2.4.2 Use of organizers and worksheet
2.4.3 Supplementary assistance

2.4.5 Match new word with alternate
representation

2.4.3 Use of Aids, resource
teachers, helpers, peer helpers —
develop plan, find resources

2.4.5 picture, drawing, hands-on
videos, videos in native language

“Providing alternatives,
especially for key information

2.5.1 Use of Graphic organizers

2.5.2 Hands on activity

2.5.2 Dissection
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2.5 Illustrate

or vocabulary is an important

2.5.3 Simulations, group blogs,

through multiple aspect of accessibility”- Pg. 18  2.5.3 Interactive Technology websites
media
2.5.4 Visual representation 2.5.4 Video, pictures, maps, power
points, Graphs
2.5.5 Text based representation
2.5.5 Books, articles, provided
2.5.6 Audio representation notes
2.5.7 Guest speakers and 2.5.6 Reading materials aloud
demonstration
2.5.8 Critical thinking questions,
2.5.8 Discussion based learning class discussion, predictive
questions, reflective questions,
2.5.9 Engaging hook background, highlight points of
clarification, highlighting points of
2.5.10 use of multiple subjects view, group debates, group
exploration, discovering vocab
2.5.11 Direct explanation 2.5.9 Real world problems, real
jobs, interesting story
2.5.12 Students personal research
2.5.10 Same topic in English,
Social studies, science, math
2.5.12 Part of design process
“Constructing useable knowledge, knowledge that is accessible for future decision-making, depends not upon
merely perceiving information, but upon active “information processing skills” like selective attending,
3. Provide integrating new information with prior knowledge, strategic categorization, and active memorization.
options for Individuals differ greatly in their skills in information processing and in their access to prior knowledge
comprehension through which they can assimilate new information. Proper design and presentation of information — the

responsibility of any curriculum or instructional methodology - can provide the scaffolds necessary to ensure

that all learners have access to knowledge.”-Pg. 18-19
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3.1 Activate or
supply
background
knowledge

“barriers can be reduced when
options are available that
supply or activate relevant
prior knowledge, or link to the
pre-requisite information
elsewhere”-Pg. 19

3.1.1 Evaluating personal
understanding

3.1.2 Critical thinking questions about
background

3.1.3 Background through graphic
organizers

3.1.4 Scaffolding information from
previous lessons

3.1.1 Brainstorming, modeling
how it’s done

3.1.2 Class discussion

3.1.3 Anchor charts, sos
challenges, gluing in notebooks

3.2 Highlight
patterns, critical
features, big

“one of the most effective
ways to make information
more accessible is to provide
explicit cues or prompts that

3.2.1- Demonstration or modeling of
information

3.2.2 Use of graphic organizer to

3.2.2 Anchor charts, sos
challenges, gluing in notebooks

3.2.3 Problem solving process,

ideas, and assist individuals in attending  highlight patterns and highlight key design challenge format, stations,
relationships to those features that matter features classroom schedule, calendar,
most while avoiding those that stating the purpose, engendering,
matter least.”- Pg. 19 3.2.3 Repeating and highlighting design, injury, observe,
predictable lesson pattern experiment, observe, state and
finish unit with similar project,
3.2.4 Highlight critical ideas through  practice, scaffolding, time
discussion constraints
3.2.4 Critical thinking questions,
class discussion, guiding
questions, facilitation (aids or
teacher) scaffolding of lessons
“Well-designed materials can ~ 3.3.1 Visualization of material 3.3.1 Demonstration or modeling,
3.3 Guide provide customized and visualization, guest speakers,
information embedded models, scaffolds, 3.3.2 Gradually introducing material hands-on experiments, pictures,
processing, and feedback to assist learners  to students through scaffolding of ppts, graphs

who have very diverse abilities

lessons
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visualization, and

manipulation

in using those strategies
effectively”-Pg. 20

3.3.3 Direct explanations

3.3.4 Information processing through

highlighting steps

3.3.5 Manipulation of info through
questions

3.3.6 Guiding information through
organizer

3.3.2 Series of lesson layout,
(GIP), calendar of layered lessons,
starting and ending unit with same
experiment

3.3.3 Aids or teachers helping
support students

3.3.4 Design based lesson,
Problem based learning, Inquiry
based lesson, reminding through
poster around classroom, guiding
the lesson, work stations, directed
exploration

3.3.5 Teachers questioning,
Critical thinking, discussion,
Questions before and during
representation to refine focus,
prompt questions, preface and
focus of incoming information

3.3.6 Data collection charts,
observation recording sheet

3.4 Maximize
transfer and
generalization

“Supports for memory,
generalization, and transfer
include techniques that are
designed to heighten the
memorability of the
information, as well as those
that prompt and guide learners

to employ explicit strategies.”-

Pg. 20

3.4.1 Critical thinking questions

3.4.2 Application of lesson outside
lessons original context

3.4.3 Differentiating points of view of

material

3.4.1 Predictive and reflexive
thinking. Scaffolding questions
back to a point of understanding

3.4.2 Starting and ending unit on
similar projects, apply to other
real-world problems, adding
additional variables to problem.
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4.1 Vary the
methods for
response and

“To provide equal opportunity
for interaction with learning
experiences, an instructor must
ensure that there are multiple

3.4.4 Application of content outside
STEM subject

4.1.1 Adaptions for hand written
Responses

4.1.2 Adaptions instead of physical

3.4.3 Different speakers, different
aspects in stations, other subjects

4.1.1 Using audio recorder instead
of writing

4.1.2 Substituting physical

navigation means for navigation and response expression for visual (computer
control is accessible.”- Pg. 22 simulations) use of group support
4.2.1 Speech to text software built into  (peer support)
computers
“It is critical that instructional ~ 4.2.1 Speech to text software built 4.2.1 Larger computer screens,
4.2 Optimize technologies and curricula do  into computers zoom capabilities, word prediction

access to tools
and assistive
technologies

not impose inadvertent barriers
to the use of these assistive
technologies.”- Pg. 23

4.2.2 Active support

software, scanner to iPad.

4.2.2 Use of for supplemental help
aids, dictating response on a
recorder, use of phone as personal
scanner to iPad




expression and
communication

among learners and to allow the learner to appropriately (or easily) express knowledge, ideas and concepts in
the learning environment.” — Pg. 23

5.1 Use multiple
media for
communication

“Unless specific media and
materials are critical to the
goal (e.g., learning to paint
specifically with oils, learning
to handwrite with calligraphy)
it is important to provide
alternative media for
expression” — Pg. 23

5.1.1 Physical expression
5.1.2 Audio expression
5.1.3 Written expression
5.1.4- Visual expression

5.1.5 Student observations

5.1.1 Develop models, hands on,
physically build designs, dioramas

5.1.2 Group discussion, critical
thinking questions, explanation of
understanding, presentations,
group debate, making a song

5.1.3 Experiment results report,
prediction/ results, daily STEM
notebooks, Persuasive writing,
pre/ posttest, essay format,
mathematical understanding,
develop an advertisement

5.1.4 Maps, posters, draw/ label,
home video, pictorial, computer
simulation, ppt, charts

5.2 Use multiple
tools for
construction and
composition

“Unless a lesson is focused on
learning to use a specific tool
(e.g., learning to draw with a
compass), curricula should

allow many alternatives” -Pg.
24

5.2.1- Tools for physical expression

5.2.2 Physical tools to express
understanding

5.2.3 Computer software used for
expression

5.2.1 Project materials, activity,
hands on, prototype

5.2.2 Pencil, poster, STEM
notebook

5.2.3 Online discussion board,
ipad. Speech to text, recorder,

word, google maps, voiceover,
ppt, laptops, spell check, dictation
services, enlarged computer
screens, hearing aids
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5.3 Build
fluencies with
graduated levels

“Learners must develop a 5.3.1 Graduated levels of questioning
variety of fluencies (e.g.,
visual, audio, mathematical,

reading, etc.). This means that

5.3.2 Freedom to use or reject graphic
organizers

5.3.1 Directed critical thinking
questions, increased scaffolding
levels of support, encouraging a
productive struggle

of support for they often need multiple
practice and scaffolds to assist them as they 5.3.3 Deliberate grouping of students  5.3.2 Anchor charts, use or not use
performance practice and develop to support discussion
independence.”- Pg. 24 5.3.3 Group discussion with peers
5.3.4 Practice of output and aids, variation of groups based
on ability level, jigsaw method
with “student experts”
5.3.4 Review information
“Of critical importance to educators is the fact that executive functions have very limited capacity due to
6. Provide working memory. This is true because executive capacity is sharply reduced when: 1) executive functioning
options for capacity must be devoted to managing “lower level” skills and responses which are not automatic or fluent
executive thus the capacity for “higher level” functions is taken; and 2) executive capacity itself is reduced due to some
functions sort of higher level disability or to lack of fluency with executive strategies. The UDL framework typically
involves efforts to expand executive capacity in two ways: 1) by scaffolding lower level skills so that they
require less executive processing; and 2) by scaffolding higher level executive skills and strategies so that
they are more effective and developed.”- Pg. 25
“The UDL framework embeds  6.1.1 Conduct one on one meeting 6.1.1 Use of aids to help set goals
6.1 Guide graduated scaffolds for

appropriate goal
setting

learning to set personal goals 6.1.2 Focus on personal goal setting
that are both challenging and
realistic.” — Pg. 25 6.1.3- Practice setting academic goals

6.1.4- Group goal setting

6.1.2 Transition to middle school,
developing ownership over goals,
based on personal needs and wants

6.1.3 Consistent goal setting
schedule, develop goals from
personal reflections student
rubrics, match curriculum goals,
setting appropriate difficulty level
of goals.
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6.1.4 Project based goals

6.2 Support
planning and
strategy
development

“To help learners become more
plan-full and strategic a variety
of options are needed, such as
cognitive “speed bumps” that
prompt them to “stop and
think;” graduated scaffolds that
help them actually implement
strategies; or engagement in
decision-making with
competent mentors.”- Pg. 26

6.2.1 Guiding questioning

6.2.2 Planning through STEM lesson
format methodology

6.2.3 Establishing goals of lesson
early in unit

6.2.4 Use of graphic organizers

6.2.1 Predictive questioning,
critical thinking, leading
questioning

6.2.2 Group work, observations,
group planning, group work,
problem solving skills, time
management, communication

6.2.3 Giving rubric at start,
describing expectations

6.3 Facilitate

“Wherever working memory
capacity is not construct-

6.3.1 Use of graphic organizers

6.3.1 Physically cut and paste into
STEM notebooks, Classroom

managing relevant in a lesson, it is 6.3.2 Limit alternate places for charts
information and important to provide a variety  information
resources of internal scaffolds and 6.3.2 All in STEM notebooks
external organizational aids —  6.3.3 Organization of methodology
exactly those kinds that 6.3.3 Stations representing aspects
executives use - to keep of the problem, designated areas
information organized and “in for experiments
mind.””-Pg. 26
Educators need to provide 6.4.1 Progress checks of goals 6.4.1 Once a day at morning or
6.4 Enhance timely formative feedback that end of day, once a month, every
capacity for allows learners to monitor and  6.4.2 Displaying and adding to quarter, direct progress reports
monitoring evaluate their progress and use  pervious work and questions (update parents, personal point
progress the report to inform their score sheet, self-reflection).

practices moving forward.

6.4.3- Use of rubrics to monitor
academic progress

Informal progress monitoring
(data binders, goal portfolios,
STEM notebooks)
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6.4.2 Displayed organizers,
posters students add to and pass
everyday

7. Provide
options for
recruiting interest

“Even the same learner will differ over time and circumstance; their “interests” change as they develop and
gain new knowledge and skills, as their biological environments change, and as they develop into self-
determined adolescents and adults. It is, therefore, important to have alternative ways to recruit learner
interest, ways that reflect the important inter- and intra-individual differences amongst learners”- Pg. 28

7.1 Optimize
individual choice
and autonomy

Educators should provide 7.1.1 Flexibility in lesson outputs
choices that are designed to

optimize student’s 7.1.2 Providing choices in tools to
engagement. solve problem

7.1.3 Autonomy of notetaking style
7.1.4 Freedom to explore information

7.1.5- Student derived questions

7.1.1 Rubric, choices, expression
menu

7.1.2 Use of personal device,
lesson materials, multiple tools

7.1.3 Choice to use of graphic
organizers, draw notes

7.1.4 Research, at own pace, own
questions

7.2 Optimize
relevance, value,
and authenticity

“To recruit all learners equally, 7.2.1 Optimize personal connection to
it is critical to provide options  material

that optimize what is relevant,

valuable, and meaningful to 7.2.2 Use of Authentic tools,

the learner.”- Pg. 29 activities, and speakers

7.2.1 Real world problem, local
problems, engaging lesson hook

7.2.2 Real hands-on resource, life
like simulations, guest speakers,
actual dissections
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7.2.3 Simulated career related
responsibilities

7.2.4 Students develop personal
ownership of the material

7.2.5 Final presentations outside of
classroom

7.2.3 Mimicked career role,
explore potential careers, assign
group roles, becoming an expert

7.2.4 Increased responsibility,
personal goals

7.2.5 To other classes

7.3 Minimize
threats and
distractions

“One of the most important
things a teacher can do is to
create a safe space for learners.
To do this, teachers need to
reduce potential threats and
distractions in the learning
environment”- Pg. 29

7.3.1- Increases motivation and
engagement reduced distraction

7.3.2- Providing explicit directions
7.3.3 Strong classroom management

7.3.4 Reduction of barriers with
student tools

7.3.5 Use of teacher aids to facilitate
discussion

7.3.6 Adjusting grouping

7.3.1 Engaging lesson hook, real
world problem, real careers,
optimize level of challenge, open
ended question, use of different
modalities, having the students ask
questions, given responsibilities
(roles)

7.3.2 Review directions, clear
directions, clear transitions

7.3.3 Control pacing of lessons
(speed up or slow down based on
need), organized classroom
(schedule, classroom layout, job
chart), developing relationship
with student, teacher circulates
room, establishing expectations,
nonverbal cues

7.3.4 Barriers lead to distractive
behavior. Helps prevent students
from getting “stuck”,
organizational prompts
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7.3.6 Change members and size
based on success

8. Provide
options for
sustaining effort
and persistence

“However, learners differ considerably in their ability to self-regulate in this way. Their differences reflect
disparities in their initial motivation, their capacity and skills for self-regulation, their susceptibility to
contextual interference, and so forth. A key instructional goal is to build the individual skills in self-
regulation and self-determination that will equalize such learning opportunities” — Pg. 30

8.1 Heighten
salience of goals
and objectives

To maintain interest and
engagement, educators need to
provide periodic or constant
reminders of goals and the
value of their goals

8.1.1 One on one meetings
8.1.2 Importance of personal goals

8.1.3 Setting of academic goals

8.1.1 Direct explanation

8.1.2 To improve strengths,
upcoming needs, life transitions,
improve confidence

8.2 Vary
demands and
resources to
optimize
challenge

“Providing a range of
demands, and a range of
possible resources, allows all
learners to find challenges that
are optimally motivating.
Balancing the resources
available to meet the challenge
is vital.” — Pg. 31

8.2.1 Changing levels of support

8.2.2 Allowing flexibility in daily
outputs

8.2.3 Varying ability level in groups

8.2.4 Focusing on achievable
objectives

&.2.5 Rubrics allow for variation in
demands

8.2.1 Increased aids support,
different levels of questioning,
giving more or less time to
complete the project, added
variable to increases difficulty

8.2.2 Freedom to use graphic
organizers, flexibility output in
personal stem journals

8.2.3 Different objectives per
group.

8.2.4 Goals

“Flexible rather than fixed
grouping allows better

8.3.1 Group work

8.3.1 Jigsaw method, roles, groups
based on ability level, knowledge
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8.3 Foster
collaboration and
community

differentiation and multiple
roles, as well as providing
opportunities to learn how to
work most effectively with
others. Options should be
provided in how learners build
and utilize these important
skills.”- Pg. 31

8.3.2 Include parental assistance in
community

8.3.3 Presenting for other classes in
the school and community

8.3.4 Peer partners to help students
facing barrier

8.3.5- Establishing positive classroom
culture

8.3.6 Developing outside classroom
activities

base, or age level, group
brainstorming, working through
problem, hands on activity, charts,
group discussion, team goal
setting

8.3.2 Helping, including in goals
8.3.3 Other grades, whole school
8.3.4 Peer teaching, mentorship
8.3.5 Support feelings of
classroom community, sharing of
personal feelings, positive
reinforcement, treat students with
a disability like anyone else,

positive report with students

8.3.6 Summer school after school

8.4 Increase
mastery-oriented
feedback

Increases the focus of feedback
towards mastery of content and
skills

8.4.1- Reflexive questioning and
observations

8.4.2- Revisiting problem in project
after feedback

8.4.3- Application of knowledge to
different context

8.4.4- Exploration of problem

8.4.1 Effectiveness of product,
post lesson refection questions,
reflection of goals, rubrics, self-
evaluation rubrics

8.4.2 “Second chance learning”,
developing a 2nd prototype, trial
and error, improvement of
designs, pretest- post test

8.4.3 Generalization
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“While it is important to design the extrinsic environment so that it can support motivation and engagement

9. Provide (see guidelines 7 and 8), it is also important to develop learners’ intrinsic abilities to regulate their own
options for self- emotions and motivations... Unfortunately, some classrooms do not address these skills explicitly, leaving
regulation them as part of the “implicit” curriculum that is often inaccessible or invisible to many.”- Pg. 32

Educators need to provided 9.1.1- Developing relationships with ~ 9.1.1 Verbal engagement on goal
9.1 Promote multiple options to promote students progress, develop pattern of
expectations and and encourage self-regulation support, develop relationships
beliefs that strategies for learners. 9.1.2- Encourage reflections for next ~ with students, express expectation
optimize opportunity
motivation 9.1.2 “Second chance learning”,

9.1.3- Stimulate natural motivation
from STEM teaching methods

9.1.4 Availability of resources

9.1.5 Provide engaging lesson hook

mastery of content

9.1.3 Design based learning,
Problem based learning, Inquiry-
based learning.

9.1.4 Better resources encourage
students

9.2 Facilitate
personal coping
skills and
strategies

Educators should provide
methods for continual
development of necessary
skills involved with self-
regulation

9.2.1 Direct monitoring of progress
9.2.2 Develop supportive relationship
9.2.3 Develop group work skills

9.2.4 Behavior management strategies

9.2.1 Daily monitoring of progress
(spreadsheet in excel)

9.2.2 Direct praise, supporting
students without prompting

9.2.3 Social skills,
communications of wants and
needs

9.2.4 Use of calming toy or
environment, take a deep breath,
go for a walk, behavior charts
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9.3 Develop self-
assessment and
reflection

Educators need to instill
multiple methods for self-
assessment skills in students in
order for self-regulation skill
development

9.3.1 Critical thinking questions
9.3.2 Mastery of content

9.3.3 Group discussions lead to
reflection of understanding

9.3.1 Reflexive questioning,
predictive questions, self and
prompted, rubrics, content related,
self-reflection on what they don’t
know, group discussions

9.3.2 Student derived rubrics
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4.3 RESULTS: EXPRESSED PROBLEMS WITH UDL CHECKPOINTS

Table 2 describes problems that our participants had with reaching specific UDL
checkpoints. These problems are categorized examples expressed by our participants when using
the innovation. Due to our small sample size of participants, examples were only cataloged and

not developed into themes within each checkpoint.
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Table 4: Expressed Problems Associated with UDL Checkpoints

Definition and examples of Problems with Implementation®
Provide Multiple Means implementation:®
of Representation: ©

To reduce barriers to learning, it is important to ensure that key information is equally perceptible to
1. Provide options for all learners by: 1) providing the same information through different modalities (e.g., through vision,
perception hearing, or touch); 2) providing information in a format that will allow for adjustability by the user
(e.g., text that can be enlarged, sounds that can be amplified)

Display each source of information in a Complexity - Customizable material is not always readily
1.1 Offer ways of flexible format so that the following available.
customizing the display ~ perceptual features can be varied-Pg. 14

of information

“To ensure that all learners have access to  Complexity - Customizable material is not always readily
1.2 Offer alternatives learning, auditory options should be available.
for auditory information  available for any learning material,
including emphasis, presented aurally.”-

Pg. 15
“To ensure that all learners have equal Complexity - Customizable material is not always readily
1.3 Offer alternatives access to visual information, it is essential available.

for visual information to provide non-visual alternatives.”-Pg. 15

“Learners vary in their facility with different forms of representation — both linguistic and non-
2. Provide options for linguistic. Vocabulary that may sharpen and clarify concepts for one learner may be opaque and
language, mathematical ~ foreign to another... inequalities arise when information is presented to all learners through a single
expressions, and form of representation. An important instructional strategy is to ensure that alternative representations
symbols are provided not only for accessibility, but for clarity and comprehensibility across all learners.”

¢ The official title of the UDL checkpoint according to the CAST 2011 guidelines
f Either an explicit definition of the UDL checkpoint from the CAST (2011) guidelines or a summarizing definition
¢ Problems expressed by our participants corresponding to specific UDL checkpoints
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2.1 Clarify vocabulary
and symbols

“To ensure accessibility for all, key
vocabulary, labels, icons, and symbols
should be linked to, or associated with,
alternate representations of their
meaning”- Pg. 16

Complexity — Teacher has to decide if they want students
to learn vocab before or during lesson based on
importance to topic

Complexity- Giving student vocab sheets can conflict
with discovery nature of integrated STEM lesson

2.2 Clarify syntax and
structure

“To ensure that all learners have equal
access to information, provide alternative
representations that clarify, or make more
explicit, the syntactic or structural
relationships between elements of
meaning”-Pg. 17

2.3 Support decoding
of text, and
mathematical notation,
and symbols

“To ensure that all learners have equal
access to knowledge, at least when the
ability to decode is not the focus of
instruction, it is important to provide
options that reduce the barriers that
decoding raises for learners who are
unfamiliar or dysfluent with the
symbols.”- Pg. 17

2.4 Promote
understanding across
language

For ESOL students providing
linguistically options for students to learn
in their primary language greatly increases
understanding.

Complexity- Explaining to children the need for learning
in their non-dominate language

Compatibility- Student express frustration at not being
able to communicate and share ideas, often hits
cogitative overload

2.5 Illustrate through
multiple media

“Providing alternatives, especially for key
information or vocabulary is an important
aspect of accessibility”- Pg.18

“Constructing useable knowledge, knowledge that is accessible for future decision-making, depends
not upon merely perceiving information, but upon active “information processing skills” like selective
attending, integrating new information with prior knowledge, strategic categorization, and active
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3. Provide options for memorization. Individuals differ greatly in their skills in information processing and in their access to
comprehension prior knowledge through which they can assimilate new information. Proper design and presentation
of information — the responsibility of any curriculum or instructional methodology - can provide the
scaffolds necessary to ensure that all learners have access to knowledge.”-pg 18-19
“barriers can be reduced when options are
3.1 Activate or supply available that supply or activate relevant
background knowledge  prior knowledge, or link to the pre-
requisite information elsewhere”-Pg. 19
“one of the most effective ways to make
3.2 Highlight patterns, information more accessible is to provide
critical features, big explicit cues or prompts that assist
ideas, and relationships individuals in attending to those features
that matter most while avoiding those that
matter least.”- Pg. 19
“Well-designed materials can provide

3.3 Guide information customized and embedded models,
processing, scaffolds, and feedback to assist learners
visualization, and who have very diverse abilities in using
manipulation those strategies effectively”.-Pg. 20

“Supports for memory, generalization, and

3.4 Maximize transfer transfer include techniques that are

and generalization designed to heighten the memorability of

the information, as well as those that
prompt and guide learners to employ
explicit strategies.”- Pg. 20

“It is important to provide materials with which all learners can interact. Properly designed curricular
4. Provide options for materials provide a seamless interface with common assistive technologies through which individuals
physical action with movement impairments can navigate and express what they know — to allow navigation or
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interaction with a single switch, through voice activated switches, expanded keyboards and others”-
Pg. 22

4.1 Vary the methods
for response and
navigation

“To provide equal opportunity for
interaction with learning experiences, an
instructor must ensure that there are
multiple means for navigation and control
is accessible.”- Pg. 22

4.2 Optimize access to
tools and assistive
technologies

“It is critical that instructional
technologies and curricula do not impose
inadvertent barriers to the use of these
assistive technologies.”- Pg. 23

Complexity- insufficient assistive technology for
building challenges, physical limitation of design
challenge.

Complexity- students need training in their assistive tech

5. Provide options for
expression and
communication

“There is no medium of expression that is equally suited for all learners or for all kinds of
communication. On the contrary, there are media, which seem poorly suited for some kinds of
expression, and for some kinds of learning. It is important to provide alternative modalities for
expression, both to the level the playing field among learners and to allow the learner to appropriately
(or easily) express knowledge, ideas and concepts in the learning environment.” — Pg. 23

5.1 Use multiple media
for communication

“Unless specific media and materials are
critical to the goal (e.g., learning to paint
specifically with oils, learning to
handwrite with calligraphy) it is important
to provide alternative media for
expression” — Pg. 23

5.2 Use multiple tools
for construction and
composition

“Unless a lesson is focused on learning to
use a specific tool (e.g., learning to draw
with a compass), curricula should allow
many alternatives” -Pg. 24

Complexity- Dangerous use of materials
Complexity - Students physical limitation pose problems
with design challenges.

Compatibility- Another concern for students with
behavior issues is using potently dangerous objects

Compatibility- Limited availability of computer
resources

60



5.3 Build fluencies
with graduated levels of
support for practice and
performance

“Learners must develop a variety of
fluencies (e.g., visual, audio,
mathematical, reading, etc.). This means
that they often need multiple scaffolds to
assist them as they practice and develop
independence.”- Pg. 24

6. Provide options for
executive functions

“Of critical importance to educators is the fact that executive functions have very limited capacity due
to working memory. This is true because executive capacity is sharply reduced when: 1) executive
functioning capacity must be devoted to managing “lower level” skills and responses which are not
automatic or fluent thus the capacity for “higher level” functions is taken; and 2) executive capacity
itself is reduced due to some sort of higher level disability or to lack of fluency with executive
strategies. The UDL framework typically involves efforts to expand executive capacity in two ways:
1) by scaffolding lower level skills so that they require less executive processing; and 2) by
scaffolding higher level executive skills and strategies so that they are more effective and developed.”
Pg. 25

6.1 Guide appropriate
goal setting

“The UDL framework embeds graduated =~ Complexity- students often have difficulty in

scaffolds for learning to set personal goals understanding good goals with meaning

that are both challenging and realistic.” —

Pg. 25 Compatibility- STEM goals are not priority with lack of
time, Goals often focus on math, reading or writing

6.2 Support planning
and strategy
development

“To help learners become more plan-full
and strategic a variety of options are
needed, such as cognitive “speed bumps’
that prompt them to “stop and think;”
graduated scaffolds that help them
actually implement strategies; or
engagement in decision-making with
competent mentors.”- Pg. 26

b

“Wherever working memory capacity is Complexity- the amount of materials in a design
not construct-relevant in a lesson, it is challenge can pose an organizational problem.
important to provide a variety of internal
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6.3 Facilitate managing
information and

scaffolds and external organizational aids
— exactly those kinds that executives use -

resources to keep information organized and “in

mind.””-Pg. 26

Educators need to provide timely Complexity- Lack of time to revisit reflections
6.4 Enhance capacity formative feedback that allows learners to

for monitoring progress

7. Provide options for
recruiting interest

monitor and evaluate their progress and
use the report to inform their practices
moving forward.

“Even the same learner will differ over time and circumstance; their “interests” change as they
develop and gain new knowledge and skills, as their biological environments change, and as they
develop into self-determined adolescents and adults. It is, therefore, important to have alternative
ways to recruit learner interest, ways that reflect the important inter- and intra-individual differences
amongst learners”- Pg. 28

7.1 Optimize individual
choice and autonomy

Educators should provide choices that are
designed to optimize student’s
engagement.

7.2 Optimize relevance,
value, and authenticity

“To recruit all learners equally, it is
critical to provide options that optimize
what is relevant, valuable, and meaningful
to the learner.”- Pg. 29

7.3 Minimize threats
and distractions

“One of the most important things a Complexity- Materials need to be all out at start of class
teacher can do is to create a safe space for to allow for minimal unmonitored time

learners. To do this, teachers need to

reduce potential threats and distractions in  Complexity- Social nature can lead to distraction,

the learning environment”- Pg. 29 spreading of bad behavior

8. Provide options for
sustaining effort and
persistence

“However, learners differ considerably in their ability to self-regulate in this way. Their differences
reflect disparities in their initial motivation, their capacity and skills for self-regulation, their
susceptibility to contextual interference, and so forth. A key instructional goal is to build the
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individual skills in self-regulation and self-determination that will equalize such learning

opportunities” — Pg. 30

8.1 Heighten salience
of goals and objectiv