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ABSTRACT

Universal Design for Learning (UDL) provides a flexible framework for supporting a wide
variety of learners. We report here on a conference that presented the UDL framework as
a way to increase success of deaf and hard-of-hearing (deaf/hh) students in introductory
biology courses. The Opening the Pathway conference was an NSF Advanced Technolog-
ical Education project focusing on raising awareness about careers in biotechnology and
student success in introductory biology, a key gateway course for careers in biotechnolo-
gy. The participants were professionals who work with deaf/hh students at pivotal points in
students’ educational pathways for raising awareness of biotechnology career options, in-
cluding community college faculty, high school faculty at schools for the deaf, and Amer-
ican Sign Language (ASL) interpreters. The conference goal was to provide an effective,
meaningful professional development experience in biology instruction. The conference
explicitly addressed the role of a UDL approach in building accessible, inclusive, produc-
tive learning environments, particularly for deaf/hh students, and demonstrated how to
make effective pedagogical practices, specifically case-based learning, inclusive and UDL-
aligned in an introductory biology context. We describe the conference, conference out-
comes for participants, and in particular the application of the UDL framework to create
an inclusive experience.
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experiences of deaf/hh students. CAST is the national leader in
UDL and has provided the definitive framework of a UDL
approach. DeafTEC is an NSF-ATE center with a mission to
increase the number of deaf/hh people in technician careers.
BioQUEST is a professional development group with a focus on
enhancing interdisciplinary biology education with cutting-edge
science and evidence-based pedagogies.

While the OTP conference is an example of professional
development organizations leveraging their expertise to apply
UDL in a single disciplinary context for a particular educational
situation, the lessons learned on the value of professional
development in applying a UDL approach are applicable far
beyond this specific situation. The development of this project
required 2 years of preparation and planning and has provided
valuable lessons in designing effective professional develop-
ment for promoting inclusive teaching in any discipline or edu-
cational context.

BACKGROUND AND CONTEXT

Entering the workforce as a technician in STEM is an excellent
career option in the United States. Employment for technician
positions is projected to grow faster than the average for other
occupations through 2028, while also offering salaries above
the median wage for all occupations (U.S. Bureau of Labor Sta-
tistics, 2021). These technician positions often require only a
2-year degree that can be obtained from a local community col-
lege rather than a 4-year or further postsecondary degree
(Carnevale et al., 2017). These well-paying jobs are drivers of
the economy, essential to the advancement of science, and offer
good career options for those with interests in STEM subjects
(National Academies of Sciences, Engineering and Medicine
[NASEM], 2017).

Unfortunately, many groups of people remain underrepre-
sented in technician careers, including women, people of color,
and persons with disabilities (U.S. Equal Employment Opportu-
nity Commission, 2016; Funk and Parker, 2018). The NSF-ATE
program aims to expand and diversify the technician workforce
to meet industry needs through targeted programming at 2-year
colleges (Internet Scout Research Group and American Associa-
tion of Community Colleges, 2018). Focusing on community
colleges provides a direct connection to more than 40% of the
undergraduates in the United States and a more diverse student
body than is found at most 4-year institutions (Ma and Baum,
2016). ATE programs target students in high school and 2-year
colleges to raise awareness of technician careers and to increase
inclusion of underrepresented groups in both technician educa-
tion and the workforce.

One way to increase participation of all students in biolo-
gy-related careers is improving pedagogical practices in intro-
ductory biology, a gateway course to advanced STEM classes
required for many technician careers. Improving pedagogical
practices in introductory biology can increase engagement and
participation, increasing student success (Seymour and Hunter,
2019) and thus lowering barriers to further studies including
technical career education tracks. Barriers in introductory biol-
ogy include suboptimal pedagogical practices (Freeman et al.,
2014); disciplinary communication style (Round and Campbell,
2013; Lieu et al., 2017); and a growing emphasis on quantita-
tive skills, including data science, computation, and modeling
(Gibson and Mourad, 2018; Helikar et al., 2015; Wright et al.,
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2019). Some barriers in biology are common to all STEM fields,
while others are unique to this discipline, such as the flood of
disciplinary vocabulary in introductory biology (Yager, 1983).

These barriers in introductory biology affect all learners,
even those who persist (Seymour and Hunter, 2019). There is
growing recognition that, in addition to adopting evi-
dence-based teaching practices for core skills and content, fac-
ulty must also create an inclusive learning experience wherein
more students are able to persist and succeed in achieving their
educational goals (Dewsbury and Brame, 2019). A growing
body of research provides information about the hallmarks of
inclusive practices, independent of disciplinary content. For
example, setting aside time to learn about students as individu-
als and implementing social norms to ensure an inclusive class-
room environment are practices applicable to any discipline
(Zehender et al., 2021). However, research suggests that evi-
dence-based pedagogical practices may not serve all students
equally well (Eddy and Hogan, 2014). This is a particularly
salient concern in community colleges, which tend to serve
more diverse student populations (Ma and Baum, 2016; Com-
munity College Research Center [CCRC], 2021). Furthermore,
incorporating inclusive practices in disciplinary contexts and
specific pedagogical practices presents additional challenges.
For example, case studies are an effective pedagogical practice,
but instructors must be aware of what type of case will resonate
with their students and include characters with whom their stu-
dents can relate (Smith et al., 2012).

UDL provides a framework for incorporating inclusive teach-
ing practices to create flexible, contextually appropriate learn-
ing environments that plan for learner variability, better sup-
porting all learners (Meyer et al., 2014). UDL encompasses a
range of ideas and instructional strategies. Application of UDL
principles in any given discipline to achieve particular educa-
tional learning goals requires careful selection of appropriate
evidence-based practices to provide the most flexible learning
environment possible within the constraints of resources, tech-
nology, and time. For example, having students demonstrate
mastery by writing a final paper is appropriate when writing in
the discipline is one of the course learning outcomes. Other-
wise, UDL suggests offering multiple options, such as writing a
letter to the editor, giving a prerecorded presentation, or staging
a debate. Another example of a UDL strategy is providing alter-
natives for auditory information. For example, in a large lec-
ture, this would mean ensuring all multimedia clips shown in
class are appropriately captioned. This provides critical access
to content for deaf/hh learners but also benefits learners whose
first language is not English and provides an introduction for
new vocabulary words for everyone.

LEARNER VARIABILITY AND DISABILITIES

A growing number of undergraduates report having a physical
or cognitive disability, particularly at 2-year colleges
(Skomsvold, 2014; Campbell and Wescott, 2019). The National
Center for Education Statistics report on undergraduate demo-
graphics for the 2011-2012 academic year found only 11% of
undergraduates disclosed disabilities (Skomsvold, 2014), but
in the most recent report for the 2015-2016 academic year,
that number had risen to 19% (Campbell and Wescott, 2019).
Additionally, some demographic groups have higher rates of
disabilities. For example, among veterans attending college,
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42% of whom attend community colleges, 26% report having
a disability (Campbell and Wescott, 2019, pp. 6, 134). Stu-
dents over 30 years old report higher rates of disabilities at
22-24%, and 45-50% of these students attend community col-
leges (Campbell and Wescott, 2019, pp. 6, 133). It is likely that
the actual number of students with disabilities is underre-
ported for a variety of reasons, including undiagnosed disabil-
ities or fear of stigma (Horowitz et al., 2017; Shaewitz and
Crandall, 2020). Despite this increasing number of students
with disabilities, many of our educational institutions continue
to design spaces, courses, and learning experiences in adher-
ence to the medical model of disability. This model deems
impairments, traits, and characteristics of individuals as inher-
ently disadvantageous (Oliver, 1983; Oliver and Barnes,
2010). The deficit approach of the medical model is often
reflected in language used to describe traits, such as “hearing
impairment.”

There are 70,000 children in the United States who are des-
ignated as having a hearing impairment (Office of Special Edu-
cation and Rehabilitative Services [OSERS], 2021). This label
does not tell us anything about these learners beyond their
hearing status; it provides no information about their culture,
language, experiences, or communication preferences. There is
great variability in this small population of learners that is often
overlooked. Data indicate that 80% of these students spend the
majority of the school day in traditional school settings, while
20% attend schools for the deaf (Nagle et al., 2016; OSERS,
2021). There is variability in their language fluency; for exam-
ple, some are fluent in both English and American Sign Lan-
guage (ASL), some in only one language. There is variability in
preferred modes of communication (spoken vs. signed), adding
additional layers (Marschark and Wauters, 2008; Dostal et al.,
2017).

The perspective typically presented in contrast to the medi-
cal model is the social model of disability. This model explores
how society and the design of environments create disadvan-
tages, rather than focusing on how traits or characteristics of
individuals are “disabling” (Oliver, 1983; Oliver and Barnes,
2010). For example, imagine attending an event in the Deaf
community where ASL is the main mode of communication. At
this event, the only people at a disadvantage are those who are
not fluent in ASL. The social model of disability can explain
how traditional educational settings in the United States that
are designed for hearing learners can put deaf/hh students at a
disadvantage.

While the effects of primarily thinking in terms of the medi-
cal model of disability might be more pronounced in deaf/hh
students (Humphries, 2013), learner deficit mindsets of any
kind are harmful to all learners (MacFarlane, 2018). Consider
the seemingly innocuous approach of designing learning expe-
riences for “average.” Designing for an average student ignores
the variability between and within learners, requiring everyone
to overcome barriers to succeed in the environment. The con-
cept of a “jagged profile” (Rose, 2016) more accurately reflects
the reality of student abilities. A jagged profile acknowledges
that any given person falls above the average on some traits or
characteristics, and below in others. Learning environments
that are narrowly designed to effectively serve the “average”
student allow for fragmented success without supporting the
whole learner.
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UDL provides an alternative approach aligned with the
social model of disability. It encourages designing for variability
from the outset, abandoning the false concept of “average.” In
educational environments focused on removing unnecessary
barriers to learning, all students, including those with disabili-
ties, are better supported to engage in productive learning.

UNIVERSAL DESIGN FOR LEARNING

UDL originated from the architectural concept of “universal
design”—the idea that thoughtful design of an environment can
make it more useful to more people (Connell et al., 1997). Uni-
versal design leads to spaces that simply make sense for every-
one, while providing critical access for some. Curb cuts, for
example, are critical in making sidewalks accessible to someone
in a wheelchair; however, they are also extremely convenient
for someone on a bike, pushing a stroller, or hauling wheeled
luggage. The UDL framework was developed by CAST in 1990
and promotes a similar idea for learning environments. CAST’s
UDL framework focuses on “improving and optimizing teaching
and learning for all people based on scientific insights into how
humans learn” (CAST, 2018), which considers both the physical
space and pedagogical practices that combine to create the
holistic learning environment. UDL helps faculty plan for pre-
dictable variability in students by presenting strategies for
designing more inclusive learning environments. Addressing
barriers to learning through a UDL approach entails preserving
productive challenges that are required for learning while
removing unnecessary barriers in the learning environment
through flexible, adaptable design. In a community college set-
ting, where faculty may be presented with multiple accommo-
dations for learners with disabilities in any given class, begin-
ning from a learning environment in which many barriers have
already been removed can reduce or lessen the need for individ-
ual accommodations. Meanwhile, all students in the course
benefit from increased flexibility.

UDL is based in neuroscience and education research and
was originally focused on developing technology-driven accom-
modations to provide accessible experiences for learners with
specific disabilities (Meyer et al., 2014). This focus on accessi-
bility aligned with legal definitions of the term; a person with a
disability must have complete and equal opportunities as com-
pared with a person without a disability (Rehabilitation Act of
1973). CAST quickly realized that deliberate design of learning
environments to anticipate learner diversity provided more
benefits to a wider range of people, effectively planning for pre-
dictable variability regardless of ability (Meyer et al., 2014). For
example, providing multiple representations of audio content
through captions and transcripts provides critical access for
some but benefits all learners (Meyer et al., 2014; Gernsbacher,
2015).

The UDL framework is organized to correspond with cogni-
tive networks and learner development. (A condensed version
of the framework is depicted in Figure 1. The full framework
and supporting documents are available at https://udlguide-
lines.cast.org.) The columns represent the three main principles
of UDL: providing multiple means of engagement, representa-
tion, and action and expression. The goal of UDL, described in
the final row, can be summarized as developing learners who
have the metacognitive skills to adjust and thrive in any learning
environment (Meyer et al., 2014). The rows in the framework
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AFFECTIVE NETWORKS:
The WHY of Learning

RECOGNITION NETWORKS:
The WHAT of Learning

STRATEGIC NETWORKS:
The HOW of Learning

Provide options for

Provide options for

Provide options for

Access Recruiting Interest  Perception Physical Action
Provide options for Provide options for Provide options for
Build Sustaining Effort & Language & Expression &
Persistence Symbols Communication
Provide options for Provide options for Provide options for
internalize Self Regulation Comprehension Executive
Functions
Purposeful & Resourceful & . .
Goal P Strategic & Goal Driven

Motivated

Knowledgeable

FIGURE 1. The UDL Framework: This figure shows a condensed version of the UDL guidelines. The three principles of UDL address affective,
recognition, and strategic cognitive networks by providing multiple means of engagement, representation, and action and expression.
Learners’ ownership of their own learning is reflected in the rows, ranging from ensuring all learners can access information through full
realization of self-regulated learning. The full figure contains 31 checkpoints that guide instructors in selecting strategies to optimize
challenges and remove barriers. The UDL guidelines should not be considered a “checklist for UDL"; rather, they present instructional
approaches that should be implemented strategically according to one’s context and learning goals. An interactive version of the full figure
is available on the CAST website (CAST, 2018), and connects to a rubric that explores each aspect more deeply (Novak and Rodriguez, 2018).

build toward that goal by identifying levels of learners’ owner-
ship and management of their own learning.

The three main principles, represented in the columns
(Figure 1) are based on engagement of the affective, recogni-
tion, and strategic cognitive networks to ensure all learners can
access and fully participate in the learning environment. Each
column has three rows that provide guidelines ranging from a
focus on basic access to supporting higher order internalization
of metacognitive skills. The columns are:

* Engagement: Guidelines range from minimizing threats
and distractions in the learning environment to empowering
learners’ ability to identify relevance and interest.

* Representation: Guidelines range from the option to use
different senses when interacting with the learning environ-
ment through providing opportunities to apply prior knowl-
edge and transfer knowledge in new areas.

* Action and expression: Guidelines range from offering
alternatives in the physical mode of response (e.g., students
can write, type, or record a response) through practice in
building executive functions that promote development and
application of learning strategies.

The rows in the framework identify levels of learners’ own-
ership and management of learning that are facilitated by UDL
practices. These levels are:

e Access: This is the fundamental but essential level of UDL
that ensures learners can physically engage with materials;
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it is where traditional accessibility is addressed. Access also
includes ensuring that the learning environment provides
relevance and authenticity for students and using technol-
ogy that is designed for a broad range of users (e.g., options
for using mouse commands and keyboard shortcuts).

e Build: This is where traditional content knowledge mastery
occurs. This level is where faculty provide learning environ-
ments that support students’ persistence, provide disci-
plinary expertise by clarifying and “decoding” disciplinary
information, and scaffold students’ ability to demonstrate
mastery of disciplinary practices.

¢ Internalize: This level focuses on the development of high-
er-order learning and metacognitive skills that support stu-
dents in becoming experts in how they learn. Skills in this
row include self-regulation, developing coping skills and
strategies, ability to transfer knowledge across domains,
engagement in disciplinary core concepts, and the applica-
tion of appropriate metacognitive practices to enhance
learning.

Physical and cognitive access for instruction are just the first
steps in universally designed learning spaces and materials. The
engagement focus of UDL aligns with inclusive teaching prac-
tices by leveraging students’ unique backgrounds and experi-
ences to improve success and by reducing threats and distrac-
tions in the learning environment. UDL fosters development of
executive functioning that allows independent learning, such as
goal setting and planning (Earley, 1985; Fuchs et al., 1989) and
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strategy development (Baker et al., 2002; Dawson and Guare,
2018). A UDL approach does not prescribe an entire overhaul of
one’s teaching practice or dictate specific methods or pedago-
gies, nor should the UDL framework be used as a checklist
(Basham et al., 2020). Rather, a UDL approach focuses on iter-
atively applying UDL to improve a curriculum, steadily reduc-
ing barriers and enabling student learning (Tobin and Behling,
2018).

UDL advocates for the removal of unnecessary barriers to
learning. A common example of an unnecessary barrier is the
time allotted for examinations. Most examination times are
determined by class schedules and room availability rather
than a purposeful time allotment for completing the assess-
ment. Increased flexibility in the time allowed to complete an
exam would alleviate the necessity for the common student
accommodation of additional testing time while preserving the
productive challenges in the assessment, namely, demonstrat-
ing mastery of the content. A UDL approach to timed exams
provides a physical space that is available for an extended
period of time. Allowing even 2 hours for an exam the instruc-
tor feels could be completed in 1 hour changes the focus to
demonstrating content mastery, rather than how well students
can manage time or how quickly they can answer questions.
DeafTEC’s workshops for educators and employers (e.g., Proj-
ect Access, Working Together: Deaf and Hearing People, Writ-
ing in the Disciplines, and Promoting Student Success in Math
through Best Practices) provide additional examples of UDL
practices that are essential for deaf/hh individuals but improve
experiences for everyone. For example, in one workshop activ-
ity, auditory recordings of isolated words are played, and partic-
ipants write down what they heard. As the recordings vary in
volume and clarity, very few people are able to accurately iden-
tify all of the words. This activity is followed with several sug-
gestions for clear communication, some as simple as always
facing the audience when speaking to avoid the muffled sounds
and blocked sight lines that occur when the instructor speaks
while facing the board.

Thus, a UDL approach begins by identifying a specific learn-
ing goal and preserving the productive challenges and struggles
that are essential to meeting that learning goal, while offering
options in the means to reaching the goal. The UDL framework
then acts as a structure for incorporating evidence-based peda-
gogical practices grounded in learning and neuroscience
research (Rose et al., 2006; Meyer et al., 2014; NASEM, 2018).
UDL can provide a lens for understanding why particular peda-
gogical strategies do or do not work in certain circumstances
and ways to mitigate shortcomings in the pedagogical practice,
including creating a more inclusive learning environment.

OPENING THE PATHWAY CONFERENCE

Opening the Pathway to Technician Careers: A Conference for
Biology Teachers of Deaf Students was held October 13-15,
2019, at the National Technical Institute for the Deaf (NTID),
one of the nine colleges of Rochester Institute of Technology
(RIT) in Rochester, New York. NTID is the first and largest tech-
nological college in the world for deaf/hh students, and the
administrative home of DeafTEC. The OTP conference sought
to improve outcomes for deaf/hh students in biology by offer-
ing professional development to individuals who work with
deaf/hh students. The goals of this conference were 1) provide
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an effective, meaningful professional development experience
in biology instruction for a diverse group of participants from
community college and high school settings; 2) explicitly
address the role of a UDL approach in building accessible, inclu-
sive, productive learning environments in introductory biology,
particularly for deaf/hh students; 3) demonstrate how to make
effective pedagogical practices, specifically case-based learning,
inclusive and UDL aligned in an introductory biology context;
and 4) increase educators’ awareness of biology-related techni-
cian careers.

Participants

The OTP conference was designed to engage professionals who
work with deaf/hh learners in a UDL approach. These profes-
sionals included 19 high school science teachers from schools
for the deaf; 13 biology faculty from 2-year institutions; nine
ASL interpreters who specialize in high school or postsecond-
ary settings, particularly with some STEM interpreting experi-
ence; and two college administrators. These individuals play
different roles in the educational pathways of deaf/hh students
and have different professional preparation and expertise.
High school instructors are a critical component of the techni-
cian career pipeline and need to be familiar with imminent
career pathway opportunities available to their students. Com-
munity college faculty teaching introductory biology are ide-
ally situated to inform students about biology-related techni-
cian career pathways at their institutions and to connect
interested students with campus resources. ASL interpreters
work in both high school and community college settings to
facilitate communication between instructors and students. It
is not feasible for interpreters to have a background in each
topic for which they interpret; as such, interpreters in science
education often need to learn the biology vocabulary in addi-
tion to interpreting it (Hauser and Hauser, 2008; Solomon
et al., 2012; Braun et al., 2018), and as mentioned previously,
biology in particular requires mastery of a large volume of dis-
cipline-specific terminology.

The variability in participants’ roles, languages, back-
grounds, and expertise required the design of a bilingual, inclu-
sive conference that not only presented UDL as a topic but was
UDL aligned in its design and programming. For example, par-
ticipant communication preferences, which ranged from ASL to
spoken English, provided an opportunity to demonstrate the
UDL principle of providing multiple means of representation.
All presentations and panels were interpreted either from ASL
to English or vice versa. Videos were captioned, and directions
for activities were provided in handouts, in ASL and English,
and via a PowerPoint slide. Participants also varied in their
familiarity with Deaf culture, providing yet another opportunity
to apply UDL practices to create relevance for all participants.
For example, ASL is a visual language, so preserving sight lines
is critical for effective communication; this required practice
and reminders for those not familiar with Deaf culture. There
was also substantial time dedicated to group work and socializ-
ing for a productive exchange of ideas and community building.
Pedagogical approaches with a “low floor, high ceiling” (NRICH,
2019) were used to introduce biological content knowledge in
ways that allowed all participants to engage and meaningfully
contribute regardless of their biology backgrounds. ASL inter-
preters were able to participate in all the biology education
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activities because of this open approach. UDL and the pedagog-
ical practices were explicitly identified, described, and demon-
strated so that all participants were working from a shared
understanding of these practices. This helped address the mis-
conception that UDL and good pedagogical practices are
interchangeable.

The conference planning team from CAST, DeafTEC, and
BioQUEST brought perspectives from diverse institutions and
had a range of biology backgrounds and varied fluency in ASL
and familiarity with Deaf culture. The variety of representation
on the planning committee was crucial to the success of the
conference; however, it required more than 2 years of planning
to nurture this conference from an interesting idea to fruitful
experience. During these 2 years, the planning team from CAST,
DeafTEC, and BioQUEST met in person and online to develop
the outline and basic content of the workshop. In addition, a
group of advisors with a high familiarity with Deaf culture and
community college teaching experience met with the planning
team throughout the process to provide feedback on the work-
shop content and programming. The advisors played an active
role in the workshop by presenting educational resources they
had developed and leading several of the case sessions.

Programming

The programming included keynote addresses, panel presenta-
tions, exploration and work sessions, periods of group work
time, and significant opportunities for social engagement. The
conference programming was divided into four major session
types that addressed conference goals.

Keynote Presentations

The keynote presentations addressed topics that included inter-
sections of Deaf and science identity, ASL STEM signs, and the
importance of culturally relevant mentoring, with connections
to biology in each. The first keynote presenter, Dr. Barbara
Spiecker, shared her experience as a Deaf scientist in marine
ecology. She emphasized the importance of adjusting environ-
ments to promote student success rather than focusing on
changing learners. Dr. Spiecker shared suggestions for improv-
ing education of deaf/hh students, drawing from her personal
experiences as a deaf/hh graduate student and scientist. The
second keynote was Dr. Christopher Kurz, a professor at NTID
who specializes in mathematics, science, and Deaf education.
He led a lively discussion about academic ASL and STEM vocab-
ulary in ASL. Accurate and effective bilingual communication
around STEM topics is critical in deaf/hh education; Dr. Kurz
emphasized the importance of using data-driven techniques in
selecting STEM signs and strategies such as “concept first,
vocabulary second.” Our final keynote presenter was Dr. Derek
Braun, professor of biology at Gallaudet University. Dr. Braun
shared research he and colleagues conducted on developing
Deaf students’ science identity through mentoring. While Dr.
Braun’s work focused on deaf/hh students, these findings are
relevant to faculty working with all types of underrepresented
students. Dr. Braun presented key factors in mentoring deaf stu-
dents, including awareness and understanding of Deaf culture,
teaching self-advocacy, and building cohorts that avoid isolat-
ing a single minority representative (Braun et al., 2017,
2018). One finding Dr. Braun shared was the greater success of
mentors who were familiar with Deaf culture, because these
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mentors were able to encourage mentees to connect with Deaf
community resources and proactively support mentees’ commu-
nication access and development of self-advocacy. Like other
cultural communities, the Deaf community has a rich culture
that is nurtured in social interactions through clubs, schools,
and shared language (Braun et al., 2017). Access to this cultural
wealth can enhance mentees’ success in several ways, including
networking and reducing a sense of isolation. Hence, a men-
tor’s awareness of a mentee’s culture is an important factor to
address in efforts to increase diversity and inclusivity in STEM
fields.

Panels

Panels included professionals in the biotechnology workforce as
well as current NTID students and included information about
biology-related technician careers, describing what those
careers entail, and Deaf technicians’ experiences in these fields.
The panels highlighted the variable educational routes learners
might take to technician careers, providing valuable informa-
tion for participants to share with their students. Resources,
such as the InnovATEBIO Center, which is a national ATE center
that provides training and information about biotechnology
careers specifically, were also shared.

Case-Based Learning Sessions

These sessions introduced participants to case studies, a peda-
gogical approach that involves engagement in scientific inves-
tigation and the development of analytical thinking about
real-world problems (Stanley and Waterman, 2000; Water-
man and Stanley, 2008). Case pedagogy also builds collabora-
tive learning skills and communication skills and promotes
active learning, all of which align with the UDL framework
(Herreid, 1994; Herreid et al., 2011; Thistlethwaite et al.,
2012; Meyer et al., 2014). Case sessions were designed using
a UDL approach to be inclusive of the wide range of confer-
ence participants. Case studies were presented in ASL and
English and in multiple media, including written English, spo-
ken English with ASL interpretation, and a video in ASL with
English captions. The topic of the central case study was
genetically modified organisms (GMOs). All participants
engaged with this case as learners regardless of their biology
background and all participants could contribute ideas and
identify questions to explore that held personal interest. After
engaging with the case as learners, participants returned to
their educator perspective, prepared to explore and design
solutions contextualized for their learners and classrooms.
Sessions later in the conference explored supplemental activi-
ties for the case study, such as ideas for structured exploration
of websites on GMOs, creation of basic genetic models to cre-
ate “marshmallow bug babies,” and a low-cost gel electropho-
resis simulation (see Supplemental Material to access activi-
ties). Participants were encouraged to consider the UDL
alignment of these activities and how they might be further
modified for their own classrooms. Sessions concluded with
an opportunity for reflection about the educational and biol-
ogy content and participants’ own learning.

Group Work

Participants were tasked with designing an activity for their stu-
dents using a UDL approach and case pedagogy. Groups formed
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based on participants’ interests, and they were encouraged to
use their new knowledge and skills in biology and UDL to
design an activity for their classrooms. Participants were highly
engaged in this activity because it was personally relevant, and
the group work generated a creative exchange of ideas leading
to activities that were well informed, resource rich, and appro-
priate for specific educational settings. Participants discussed
how they would use particular activities in their classrooms,
modifications that they would make, and shared resources to
make activities better for their classrooms. OTP concluded with
each group presenting on the activity they had designed, its
connections to case pedagogy, and how it was UDL aligned.
Group members participated in sharing their work supported
by PowerPoint presentations and models. Group members also
shared the different ways they planned to use the materials in
their individual classrooms. This final session was a critical
component in which individuals solidified their own learning
by presenting to others, and the community benefited from
shared resources, materials, and ideas.

In addition to the formal structure, OTP included a substan-
tial amount of time for informal interactions including meals,
breaks, entertainment, and casual conversation. This dedicated
informal time in a purposeful and welcoming environment
facilitated connections between participants across cultures and
languages. For example, participants shared the experience of a
performance by the Sunshine 2.0 theater troupe. This group
engages deaf and hearing audiences with STEAM (“STEAM”
acknowledges the addition of the arts to STEM) topics by com-
bining theater, dance, music, and spoken and signed languages.
This cross-cultural and bilingual production provided a space
for OTP participants to explore ideas together through perfor-
mance art. These opportunities to build relationships and trust
heightened the productivity of group work time, leading to
increased flow of ideas and sharing of practices (Polanyi, 1962;
Pyrko et al., 2017).

Evaluation

The evaluation, led by Peggie Weeks (Lamoka Educational Con-
sulting), consisted of daily participant reflection surveys, two
participant focus groups, an end-of-conference participant sur-
vey, and a Plan for Change survey, all completed during the
OTP conference. Additionally, a Plan for Change Follow-up Sur-
vey was sent to participants in October 2020, 1 year following
the conference. The response rate for evaluations conducted
during the conference was generally greater than 85%, although
this varied by day and question. The evaluation results suggest
that the OTP conference was successful at meeting its outlined
goals, as detailed in Table 1.

The Plan for Change Follow-up Survey reminded participants
of their initial plan for change and asked participants about the
extent to which they were able to accomplish the plans they set
during the OTP conference, how well the conference supported
their teaching and interpreting, and the utility of workshop
resources. Despite the COVID pandemic, the survey had an over-
all 67% response rate, with an instructor response rate of 73%.
Many respondents reported being able to accomplish what they
had planned (82% strongly agree/agree), that these changes
worked well in practice (71% strongly agree/agree), and that
their teaching/interpreting was more effective as a result of the
conference (80% strongly agree/agree). Respondents noted that
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they observed increased student engagement (79%), as they
used the resources from the conference (88% strongly agree/
agree), specifically applying UDL principles (86% strongly agree/
agree) and case studies (73% strongly agree/agree). Although
the conference preceded the pandemic and did not address the
kinds of changes required by the rapid shift to online instruction,
respondents felt they were better prepared for the challenges
presented by this shift in educational modality, and 92% strongly
agreed/agreed that they were better prepared to meet the needs
of their students as a result of the conference. We feel that this
response is based on the application of UDL to the new situations
presented in the pandemic. The purpose of UDL is to provide
more flexibility in the learning environment and to create learn-
ing environments that support a wide range of student needs.
Only 16% of respondents did not feel that the conference had
prepared them to better adapt to teaching in the pandemic. More
results of the follow-up survey are reported in Table 2.

CONCLUSION
The OTP conference sought to improve biology education expe-
riences for deaf/hh students by providing professional develop-
ment to high school teachers, college faculty, and ASL interpret-
ers. This conference was an ideal example of how inclusively
designed learning environments support variable learners, and
importantly, how the context plays a critical role in considering
which design choices will be necessary to include all learners. In
the context of the OTP conference, a UDL approach allowed the
development team to create a more inclusive environment for
our participants that addressed the expected variation in their
backgrounds across familiarity with Deaf culture, ASL fluency,
and biology content knowledge. For example, biology teachers
at schools for the Deaf were likely fluent in ASL and experienced
with Deaf culture, interpreters, while also fluent in ASL and
knowledgeable of Deaf culture might have a limited background
in biology, whereas a community college faculty member might
have a strong background in biology but lack fluency in ASL.
OTP programming needed to be inclusive of this variability
in all aspects of the conference, including pedagogical
approaches, educational resources, and communication facilita-
tion. The development team’s UDL approach ensured informa-
tion was accessible in each participant’s preferred language by
providing interpretation services for every aspect of the confer-
ence, including breakout groups and social situations such as
meals. Participants unfamiliar with Deaf culture learned Deaf
cultural practices, such as keeping clear lines of sight for com-
munication. We were also addressing multiple educational set-
tings ranging from combined grade-level general science
courses to specific subfields within biology. The biology content
had to be engaging and accessible for novices and experts and
useful for students ranging from high school to college. The case
pedagogy we chose to present is particularly useful in engaging
a diverse audience. In addition, by demonstrating UDL practices
and explicitly discussing the UDL practices in play, we provided
participants with an authentic experience in the value of UDL,
so when we invited them to apply these principles in their own
classrooms, they were already convinced of the value.
Professional development on adopting a UDL approach is
particularly relevant for community college faculty who are
serving diverse groups of students and meeting a wide range of
student needs. However, few undergraduate faculty have access
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TABLE 1. Conference goals and associated evaluation results collected during OTP

Conference goal

Evaluation results

Goal 1: Provide an effective,
meaningful professional
development experience in
biology instruction for a diverse
group of participants from
community college and high
school settings.

deaf/hh biology students.

At the conclusion of OTP, > 80% of respondents, who included 2-year faculty, high school teachers, and ASL
interpreters, felt better prepared to integrate or support the integration of case-based pedagogy and UDL
in biology classrooms. All responding participants were excited to be a part of a community focused on

Participants also noted several ways to improve the experience, including more programming on ASL STEM
signs, offering some targeted sessions for participants new to Deaf culture and the Deaf community, and
offering a longer conference with shorter days for more time to explore the topics of the conference while

reducing the cognitive load of each day.

High school teacher: “I loved the diversity of the participants! Having a broad representation of the many
stakeholders was insightful and significant. It broadened my perspective tremendously.”

A community college faculty member on the most useful part of the conference: “Immersion into the

community of teachers and interpreters in the Deaf communities [was] fantastic and rare

Goal 2: Explicitly address the role
of a UDL approach in building
accessible, inclusive, productive
learning environments in
introductory biology, particu-
larly for deaf/hh students.

”

More than 85% of respondents felt better prepared to either integrate or support the integration of UDL
practices in classrooms. Learning about UDL was also cited as one of the most useful parts of the
conference. Keynote presentations were also essential in achieving this goal and well received by
participants, many noting that they now have a better understanding of both the challenges and
resources available for deaf/hh learners.

Interpreter: “For me the most useful part of this conference was the case-based pedagogy and UDL princi-

ples. I will apply that to my life and my career.”

Goal 3: Demonstrate how to make
effective pedagogical practices,
specifically case-based learning,
inclusive and UDL aligned in an
introductory biology context.

pedagogy and UDL, including:

Participants noted that OTP provided them with tools and resources that equipped them to improve
outcomes for their learners and self-reported increases in knowledge about case-based pedagogy and
UDL. Participants also mentioned specific practices in their plans for change that align with case

Implementing case studies and case analysis approaches

* Designing more flexible assignments
* Building more collaborative relationships between instructors and interpreters
* Ensuring that deaf/hh students have access to information in ASL and English

Goal 4: Increase educators’
awareness of biology-related
technician careers.

While the self-reported increases in knowledge about technician careers were smaller than those for UDL
and case pedagogy, participants’ comments about programming focused on increasing their awareness of
biology technician careers were positive; they particularly valued the multiple perspectives represented

on the panel and felt the information would be beneficial for their learners.
Participant: “Very informative and impressive—I plan to check on links: BioTech-careers.org and Bio-link.org
to see what resources can support me and my students for biotech careers.”

to sufficient professional development to support the kinds of
educational reforms needed for improving STEM education
outcomes (Brownell and Tanner, 2012; President’s Council of
Advisors on Science and Technology, 2012), even at community
colleges, where education is emphasized. The OTP demon-
strated the value of UDL in building learning environments and
gave participants an opportunity to explore applications of UDL
in their own classrooms.

The comprehensive and flexible approach to teaching that
UDL provides is especially helpful in developing an inclusive
teaching philosophy. We believe that widespread adoption of a
UDL approach by professional developers and STEM faculty
will ultimately have a beneficial effect on students through
increasing inclusive practices, leading to greater diversity in
STEM education and professions, and importantly, focusing on
supporting the growth of lifelong, self-directed learning. Shift-
ing from the perspective of learner deficits as barriers to learn-
ing to a model that critiques the design of environments as
enabling or disabling creates more inclusive classrooms for
everyone and provides educators with the resources to adapt
learning environments in a contextually appropriate manner.
The more purposefully and inclusively designed learning envi-
ronments are, the better equipped all students are to succeed
and the fewer accommodations faculty need to retroactively fit
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into their courses. The OTP conference offered professional
development for instructors and interpreters of deaf/hh stu-
dents with the aim of improving biology education experiences
at the introductory level. Although the population of deaf/hh
students in the United States, particularly in postsecondary
education, is relatively small, improving biology education
practices for students who are deaf/hh provides an excellent
example of how using a UDL approach to create more inclusive
learning environments can improve outcomes for all students.
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TABLE 2. Conference goals and associated evaluation results from the Plan for Change Follow-up Survey.

Conference goal

Evaluation results

Goal 1: Provide an effective, meaningful
professional development experience in
biology instruction for a diverse group of
participants from community college and
high school settings.

OTP provided a professional development experience that resulted in participants reporting a
more effective overall professional practice, whether teaching or interpreting (80%), as well
as feeling better prepared to address the needs of their students (92%) as a result of what they
learned at the OTP conference.

Teacher quote: “The Deaf-know knowledge made me more resilient and my class more welcom-

ing and empathetic to all my students. I incorporated BioQUEST resources and modules we
had learned about in my course design. Providing material and delivery in different ways not
only engaged students in active learning but also made my classroom more equitable.”

Interpreter quote: “Sometimes it is hard to disconnect from the English and show what is
happening. I can see a difference in how the interpreting is understood when I make time for
that. The student attitude is improved because they are more interested in what is happening
in class. They are more engaged.”

Goal 2: Explicitly address the role of a UDL
approach in building accessible, inclusive,
productive learning environments in
introductory biology, particularly for deaf/
hh students.

Eighty-six percent of respondents agreed that they applied UDL principles more effectively to
their teaching as a result of what they learned at the OTP conference.

Participant quote: “The Universal design concept taught at the conference expanded my
understanding on students’ potential. My implementation on equity has improved. [ was able
to create more resources for ASL-dependent students to have more access to English-based

science literacy. For example, student-made presentation slides to include ASL video of
themselves summarizing their concept AND to embed caption. This activity allowed students
to analyze their ASL and English articulation and for me to assess students’ content under-
standing and support their English skills.”

Participant quote: “I offered different means of assessment, including discussion board posts,
image uploads, and narratives. These made the assessments and assignments more varied and
more interesting for all students.”

Participant quote: “Making case studies accessible in ASL videos and Alt-text empowered my
students to check their observations and inferences by using the addition [information] to
verify their understanding and lead their discussions.”

Goal 3: Demonstrate how to make effective
pedagogical practices, specifically
case-based learning, inclusive and UDL
aligned in an introductory biology context.

initially thought.”

Seventy-three percent of respondents reported using case studies in their lessons as a result of
what they learned at the conference.

Participant quote: “We used the Twins Say What?! video case to start our genetics unit. That
sparked lots of conversation and helped students realize that they knew more than they

Teacher quote: “I set a goal to implement some type of case studies into my classes. I loved this! It
was great to see the students excited, intrigued, and motivated to learn answers to questions
they had. More exciting for me—they wrote my lesson plans and most always fit into the
goals I wanted to achieve anyway. AND sometimes more.”

Goal 4: Increase educators’ awareness of
biology-related technician careers.

Respondents also noted that they used the resources they learned about at the conference (88%)
and that these resources were useful (88%). When asked about which resources they had

used, the top three sources were the DeafTEC website, BioQUEST, and NTID.

Participant quote: “I've used DeafTEC as a reference for the UDL principles and NTID/RIT to
assist my students with exploring their programs of study to consider as a college choice.”

Participant quote: “I incorporate information from InnovATEBIO workshops into my biotech
classes, and keep an eye on their FB group for interesting new developments to share with my
classes. It’s been a great source of info about vaccines and the pandemic. I believe it was
through the DeafTEC website that I got some good pointers about employment for deaf
graduates as well as useful ‘survival signs.”
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