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Abstract. This study examines current accessible field-based
instructional strategies across geoscience departments in the
United States that support students with visual, hearing, and
mobility disabilities. A qualitative questionnaire was admin-
istered to geoscience instructors from over 160 US geology
departments. Outcomes from the data analysis were used to
categorize accessible instructional practices into three dis-
tinct pedagogical methods: modifications, accommodations,
and options for accessible instructional design. Utilizing the
lens of critical disability theory, we then investigated how
the identified teaching practices varied in inclusion, as some
strategies can often be more exclusionary towards individ-
ual students with disabilities. Although from a US perspec-
tive, the outcomes of this study offer practical suggestions
for providing accessible and inclusive field experiences that
may inform a global geoscience instructional context.

1 Introduction

According to the most recent World Report on Disability
(WHO, 2011), 15 % of the global population is living with
a disability. In the United States, this translates to an under-
representation of students with disabilities in STEM disci-
plines that is well documented (NSF, 2019). However, the
total number of students marginalized from these programs
remains largely unknown as disability data are only dis-
closed at the discretion of the student because US legisla-
tion such as the Family Educational Rights and Privacy Act
(FERPA) and Health Insurance Portability and Accountabil-
ity Act (HIPAA) protects the privacy of student’s education
and medical records, respectively. Additionally, surveys that
seek de-identifiable data often do not distinguish between

temporary and permanent conditions or specific types of dis-
ability and instead use varying definitions of disability when
collecting personal information.

STEM disciplines related to the field-focused science dis-
ciplines (e.g., geology, ecology, anthropology) have the po-
tential to inadvertently discourage students who are not
drawn to activities that take place in the natural environ-
ment (Schwartz and Corkery, 2011; Sherman-Morris and
McNeal, 2016), including those with disabilities (Carabajal
et al., 2017; Hall et al., 2004; Healey et al., 2002). The preva-
lence of physically rigorous field practices (Hall and Healey,
2005) and the common assumptions, stereotypes, and biases
held by practicing geoscientists of what those with disabil-
ities can and cannot do (Atchison and Libarkin, 2016) give
the impression that physical ability is a prerequisite to be a
geoscientist (Locke, 2005). Investigations have reported that
students with disabilities are often dissuaded from pursuing
an interest in the geosciences because of the assumption that
all geoscientists have to be field practitioners, causing stu-
dents to self-assess their abilities and conclude that they may
not be able to manage the rigorous program expectations and
requirements to study in the field (Hall et al., 2004; Healey
et al., 2002; Locke, 2005). In addition to these physical re-
quirements, many geoscience educators identify the lack of
flexible, accessibly designed learning opportunities that ex-
tend beyond the field as catalyzing the underrepresentation
of students in career pathways and geoscientists with disabil-
ities in the workforce (Atchison and Libarkin, 2016; Locke,
2005; NSF, 2019).

Attempting to address the underrepresentation of students
with disabilities working towards geoscience careers, re-
searchers have explored barriers that affect the participa-
tion of those with physical, sensory, and developmental dis-
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abilities in geoscience contexts (Bennett and Lamb, 2016;
Carabajal et al., 2017; GSA, 2016; Hall et al., 2004; Hall
and Healey, 2005; Locke, 2005), specifically focusing on the
exclusionary culture within the discipline (Atchison et al.,
2019; Beane et al., 2019; Mattheis et al., 2019). Guidelines
for creating accessible and inclusive field-based experiences
for students with mobility (Gardiner and Anwar, 2001), vi-
sual (Shepherd, 2001), and hearing disabilities (Wareham
et al., 2006) have been presented in the geoscience educa-
tion literature. However, the extent to which geoscience fac-
ulty make use of these resources to enable the participation
of all learners within their courses is relatively unknown.
Other sources that inform accessible teaching practice are in
the form of instructional vignettes that have been shared to
demonstrate how instructors have taught students with vari-
ous disabilities in the field (Asher, 2001; Cooke et al., 1997;
Wild et al., 2013). These sources provide a starting point for
the geoscience education community to create both accessi-
ble and inclusive coursework.

While accessible and inclusive teaching practices both
work to dismantle barriers that foster the social, physical, and
cognitive abilities of one student over another, they are not
the same. For the purposes of this study, accessible teaching
practices refer to those in which all students, regardless of
any disability, are able to participate. This may be physical
access to a field site, having textbooks and laboratory man-
uals available in braille or audio format, or live captioning
during lectures and discussions. Inclusive teaching practices,
however, not only enable access to the content, but focus on
the sociocultural engagement within the learning community
by creating an equitable learning environment in which all
students can collaborate and construct shared meanings from
their unique and diverse perspectives.

This paper highlights an investigation into common in-
structional practices that actively support the participation of
students with disabilities across US geoscience departments
and provides evidence of strategies geoscience instructors
have used to include students with mobility (e.g., cerebral
palsy, arthritis), visual (e.g., blindness, color blindness), and
hearing (e.g., Deaf or hard of hearing) disabilities in field
experiences. Promoting various efforts made by instructors
to support students with disabilities may encourage others to
consider the impact of their own practice. Similarly, evaluat-
ing common instructional strategies for accessible and inclu-
sive field-focused teaching may facilitate awareness of inclu-
sive instructional effectiveness within the greater geoscience
community that will broaden participation along the path-
ways to the geoscience workforce.

2 Methods

The aim of this study was to investigate instructors’ practical
experiences in support of students with physical and sensory
disabilities in geoscience field courses. For the purposes of

this work, “geoscience” is broadly defined as a science that
attempts to understand natural Earth processes. The research
process was guided by critical disability theory (CDT), a the-
oretical framework that aims to dismantle and denaturalize
the concept of ableism by implementing a variety of diverse
and intersectional lenses to analyze disability through cul-
tural, historical, and social contexts and how those contexts
relate to the powerlessness individuals with disabilities have
within society (Meekosha and Shuttleworth, 2009; Pothier
and Devlin, 2006). CDT posits that disability is a social con-
struct created by the able-normative, or non-disabled, ma-
jority, who have designed social and physical aspects of the
world according to their needs and abilities while failing to
consider the same for people with disabilities (Pothier and
Devlin, 2006). Through CDT, researchers are encouraged to
challenge ideologies that label people as disabled and to pro-
mote social justice for individuals who are marginalized by
the this social construct (Schalk, 2017). In the context of
this study, and the discussion herein, CDT is used to criti-
cally analyze existing field-focused teaching strategies that
fail to provide equitable learning opportunities for students
with disabilities.

2.1 Participants and setting

An initial convenience sample of 60 volunteers was recruited
at a major US geoscience conference, followed by an email
solicitation to geoscience department representatives from
over 800 US institutions. Participants consisted of a broad
representation of geoscience instructors from department
chairs, tenured and emeritus faculty, and field program di-
rectors to non-tenure track lecturers and graduate teaching
assistants. Participants represented a variety of geoscience
disciplines including geology, geophysics, atmospheric sci-
ence, oceanography, mining or economic geology, soil sci-
ence, environmental science, and space or planetary science
from a variety of institutions throughout the US.

The geoscience accessibility questionnaire asked respon-
dents to self-report demographic data. This included the role
of the respondent (e.g., professor, associate professor, lec-
turer) and the types of degrees offered by their department,
from associates degrees offered by 2-year community or
technical college degree programs, similar to a foundational
degree in the UK, up to doctoral degrees offered by post-
baccalaureate programs. The degrees offered were used to
assign each institution to one of four groups adapted from
the Carnegie Classification of Institutions of Higher Edu-
cation (Carnegie Commission on Higher Education, 2001).
These categories included associate’s or technical or com-
munity colleges (or 2-year colleges), baccalaureate colleges,
master’s colleges or universities, and doctoral universities.
Of the 161 total responses, 90 % (n = 145) provided their de-
partment type. Seventeen percent of these respondents repre-
sented associate’s colleges (n = 28), 27 % represented bac-
calaureate colleges (n = 43), 12 % were from master’s col-
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leges or universities (n = 19), and 34 % were from doctoral
universities (n = 55), while 10 % (n = 16) did not provide
information to determine their department type.

Respondents were also asked to share the number of stu-
dents or faculty with disabilities in their respective depart-
ment. Given that disability data are protected and a majority
of disabilities are non-apparent, it is reasonable to assume
that the data received may not reflect the total number of
students or faculty with a disability in any given department
population. However, given these constraints, geoscience de-
partments at associate’s colleges reported a higher population
of students with disabilities (Table 1), consistent with current
data suggesting that students with disabilities are more likely
to attend a 2-year college (NSF, 2019).

2.2 Data collection

In order to understand inclusive and accessible teaching prac-
tices of post-secondary geoscience department instructors, an
open-ended qualitative questionnaire was designed to cap-
ture rich descriptions of unique strategies to engage students
with disabilities in field activities (Table 2). These experi-
ences are often contextually dependent, and a qualitative ap-
proach provided instructors with an opportunity to describe
the nature of their efforts to promote accessible and inclusive
instruction. Additionally, the questionnaire collected depart-
mental program demographics and the types and durations of
field courses offered.

2.3 Data analysis

Qualitative studies employ iterative data analysis techniques
to make meaning of descriptive data through coding. The
coding process produces codes and sub-codes that are often
reviewed and refined so that they express the essence of what
is being investigated (Saldaña, 2016). The constant compara-
tive method, a data analysis method used in grounded theory
research, compares written responses to determine similar-
ities and differences among the entire dataset, allowing for
codes to be organized into categories that represent themes
from the data (Glaser and Strauss, 1967). One benefit of us-
ing constant comparative analysis is that the method is con-
sidered highly rigorous among the qualitative research com-
munity and allows for other researchers to replicate the ana-
lytical process (Creswell and Poth, 2018; Merriam, 2009).

The data analysis process for this study was conducted
in three stages: microanalysis, open coding, and axial cod-
ing to generate a list of themes that accurately identify and
describe the kinds of practices geoscience departments use
to provide students with disabilities with accessible field-
based learning opportunities. During microanalysis, the en-
tire dataset was read line by line to familiarize the coder
with the survey responses. Any patterns that emerged during
microanalysis were then noted, such as whether or not the
instructional strategy required a student with a disability to

participate in an activity different from their classmates. Sur-
vey data were then prepared for open and axial coding. Open
coding is defined as an “analytical process through which
concepts are identified and their properties and dimensions
are discovered in data” (Strauss and Corbin, 1998, p. 101),
and axial coding involves linking codes into broader themes
while establishing the relationships between identified con-
cepts. During open coding, practices identified from written
responses were organized into 11 distinct instructional strate-
gies. During axial coding, these strategies were then grouped
into three pedagogical methods: modifications, accommoda-
tions, and accessible instructional design. Trustworthiness of
the data analysis was established through interrater reliabil-
ity, where an outside researcher experienced in qualitative in-
quiry independently coded the entire dataset using a schema
established by the initial researcher. The separately coded
data were compared between researchers leading to an 89 %
interrater agreement.

3 Results and discussion

This study revealed that instructional practice varied greatly
among geoscience departments, including a variety of meth-
ods and strategies intended to promote accessibility in their
instruction. Exploring different teaching practices through
the lens of CDT, it is difficult to discern whether these prac-
tices either encourage the participation of students with dis-
abilities or promote their exclusion from the discipline. For
example, data indicated that ableism was perpetuated within
some department cultures. One department chair (P132)
described fieldwork as “not suitable for students that are
mobility-impaired or sight-impaired” and made it known that
this viewpoint is shared with all incoming geoscience stu-
dents. Another participant described that offering accessible
learning experiences were unnecessary, saying that “. . . we
believe that changing the class to accommodate these dis-
abilities goes beyond what is necessary under the Americans
with Disabilities Act” (P108). While only these two respon-
dents expressed ableist ideas, the majority were primarily
concerned with supporting all students in geoscience field
experiences, even if instructors were not familiar with ap-
proaching fieldwork from an accessible or inclusive perspec-
tive.

Data indicated three distinct pedagogical methods of pro-
viding accessible field-based experiences for students with
disabilities: modifications, accommodations, and accessible
instructional design. These pedagogical categorizations de-
scribe the extent to which students with disabilities were in-
cluded in collaborative field activities with their peers, pre-
sented equitable geoscience content, or were supported by
departmental policies designed to provide universal acces-
sibility for all students. Overall, each of these major cate-
gories consisted of several specific teaching practices, each
of which had unique implications for encouraging and sup-
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Table 1. Number of departments who report having one or more students or faculty members with a physical or sensory disability.

Institution type Total N Mobility disability Hearing disability Visual disability

Associate N = 28 n = 13 (46.4 %) n = 4 (14.3 %) n = 5 (17.9 %)
Baccalaureate N = 43 n = 3 (7.0 %) n = 6 (14.0 %) n = 1 (2.3 %)
Master N = 19 n = 0 (0.0 %) n = 0 (0.0 %) n = 2 (10.5 %)
Doctoral N = 55 n = 16 (29.1 %) n = 10 (18.2 %) n = 9 (16.4 %)

Table 2. Portion of the survey distributed to participants.

Do you feel that your department is able to adequately accommodate a student with a mobility disability?
� Yes � No � Unsure
Do you feel that your department is able to adequately accommodate a student with a visual disability?
� Yes � No � Unsure
Do you feel that your department is able to adequately accommodate a student with a hearing disability?
� Yes � No � Unsure

If you marked YES to any above, please describe any field-based accommodations you may have provided students in the past

Does your department offer any field-course alternative projects for students that are unable to access field sites due to temporary
or permanent physical conditions? For example, a temporary condition could be a broken ankle while a permanent condition
could be cerebral palsy.
� Yes � No � Unsure

Briefly describe what field-course alternatives your department offers, if any.

porting inclusion. However, some strategies did not ade-
quately work to fully integrate students with disabilities into
an accessible or inclusive community of learning as de-
scribed by Atchison et al. (2019). In the following sections,
we provide data to illustrate the three pedagogical methods
in context as they relate to the degree of inclusive geoscience
teaching and learning.

3.1 Modifications

The Individuals with Disabilities Education Act (IDEA) does
not formally define accommodations or modifications at the
US federal level, which can be troublesome as these terms
may have alternate definitions depending on their use within
the scientific community. Adapted from McLaughlin (2012),
modifications are considered practices, devices, or interven-
tions that allow a student with a disability access to instruc-
tion, although the core content and learning environments are
changed and performance expectations are revised. Modifi-
cations within the context of field learning in this study are
defined as an alternative method of instruction, instructional
resource, or learning environment that enables a student with
a disability to complete general course activities. However, a
modified activity is often implemented to support the needs
of a student with a disability, resulting in evaluation that dif-
fers from non-disabled peers. Four distinct teaching practices
were identified and are provided in Table 3.

3.1.1 Virtual learning experiences

Instructors implement a variety of virtual learning experi-
ences as a way of eliminating barriers to participation for stu-
dents with mobility, hearing, and visual disabilities (Caraba-
jal et al., 2017). Data show that instructors often rely on soft-
ware such as Google Earth™ and other forms of satellite im-
agery to give students the ability to make observations of the
environment without being in the field. Instructional meth-
ods that were also deemed to be virtual field experiences in-
cluded videos taken during field trips, the use of topographic
and geologic maps, and more technological applications that
expresses landform relief (e.g., stereoscopy, digital elevation
map data). Although virtual field experiences are beneficial
for removing barriers preventing many students from partici-
pating in actual field studies, they are commonly designed as
static websites or single-user environments (Carabajal et al.,
2017). Virtual field experiences do not necessarily guaran-
tee students with disabilities the opportunity to interact with
their peers. As such, replacing an actual field activity with
virtual learning can be an isolating experience that lacks con-
structive engagement and the chance to debate with peers and
instructors in real-time.
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Table 3. Modification strategies for geoscience field accessibility.

Strategy Definition

Virtual learning experience Technology is used to simulate a project that is comparable to an in-field assignment to be completed
by able-normative peers (e.g., Google Earth™, satellite imagery, GigaPan™ photography).

Alternative field locality A student with a disability attends a field experience with able-normative peers and completes assign-
ments based on field localities individually and separate from the entire class. A student may be left at
camp or at a vehicle while the rest of the group leaves to view an inaccessible field site or complete an
assignment from a different focus area.

Alternative assignments A student with a disability is assigned different assignments that may or may not be related to objectives
of the field experience in lieu of completing a field course. These alternative assignments may include
a research paper, additional laboratory assignments, or assignments based on previously collected field
data.

Alternative field trips A student with a disability attends a field trip separate from their able-normative peers at a more acces-
sible location, often self-guided (e.g., a museum, campus building tour, or accessible park).

3.1.2 Alternative field localities

Students with mobility disabilities or other conditions that
may impact their ability to access to a remote field site can
be included in the field study by utilizing alternative field
localities. This enables a student with a disability to attend
a field trip with their peers, although the student may not be
able to participate in every activity. Considering the degree of
inclusion, alternative field localities allow students with dis-
abilities to socially engage and collaborate with their peers,
but they may be excluded during activities that occur at field
locations that are physically inaccessible to them. Evidence
for this practice was observed: “I don’t require [students with
disabilities] to go on all the hikes with the rest of the class.
Usually we have another person who stays with them while
the rest of the group is away” (P126) and “If we go to a place
that is inaccessible, I have an alternative ‘assignment’ that
they can do while waiting for the rest of us” (P107). Instruc-
tors depended on accessible localities such as road cuts, or
less physically demanding routes around the major field area
so that a student with a disability would still have the chance
to participate in the learning community and complete field-
work.

3.1.3 Alternative assignments

Out of all identified practices in this study, alternative assign-
ments were determined to be the most implemented teaching
practice in situations where students were physically unable
to participate in a field trip. In several cases, alternative as-
signments are offered so that students with temporary dis-
abilities (e.g., physical injury or illness) could receive credit
without participating in a field experience or used to pro-
vide students with permanent disabilities with a way of com-
pleting program requirements towards certificates and de-
grees. These assignments are meant to replicate field con-
cepts learned in the classroom, although they do not al-

ways provide students with an authentic opportunity to apply
these concepts in the natural environment. In one instance,
a student received previously collected data to answer pre-
determined questions. “We don’t have an alternative to an
entire field course, but we have an alternate exercise wherein
students who missed a trip would be required to analyze the
structural data or use maps, photos, and figures to answer
field questions” (P15). As this response indicates, alternative
assignments are typically in the form of laboratory activities
or research reports which a student can complete in lieu of
missing the field-based activities of a course.

Nairn (1999) discusses the implications of missing out on
collaborative learning and opportunities to apply classroom
knowledge to field activities. A student’s identity within the
geosciences may be profoundly shaped by field study, there-
fore marginalizing those students who do not fit the able-
bodied, field-rugged persona (Hall et al., 2004). By not par-
ticipating in field activities, students are unable to develop
the identity of a geoscience field practitioner (Nairn, 1999;
Orion and Hofstein, 1994). The root of the issue here, as crit-
ical disability theorists would point out, is the alienation per-
petuated by ableist ideas that field studies are only for those
who are physically capable of performing such work. Rather
than looking at exclusionary practices of field instruction, in-
structors should consider many of the resources presented in
this paper as a starting point for designing field activities that
support the abilities and experiences of every student.

3.1.4 Alternative field trips

Alternative field trips were identified in this study as a more
accessible option for students with disabilities to complete
required field course activities. Destinations for these trips
can include doing a project in a publicly accessible park,
museum, or some other location on or off campus. In most
cases, alternative field trip activities occurred without the
presence of an instructor; respondents reported that such trips
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were usually self-guided. In one survey response, an instruc-
tor noted that the student learning outcomes were insufficient
and that it had “. . . not been very satisfactory” for the student
(P128). One instructor “prepared a self-guided version of the
physical geology field trip which students have taken later
in the semester” (P131), in this case for a student who had
a temporary injury that prevented their participation in the
course field trip. Similarly, another instructor mentioned that
a “student excused from Grand Canyon trip one year went
the following year on his own initiative to make sure he had
some experience” (P6). The extent to which each of these
self-guided field trips supported student learning and over-
all understanding of the field content was not discussed. An-
other representative stated that allowing undergraduate stu-
dents to complete independent fieldwork provided an incom-
plete learning experience and that “going to the field with-
out a mentor is hard for a rookie” (P128). Mogk and Good-
win (2012) describe the importance of the student–mentor re-
lationship in the field, which plays an important role in boost-
ing student interest and motivation. The mentor also extends
learning through probing for a deeper understanding by ask-
ing guiding questions and aligning thoughts with concrete
examples. However, students who complete field activities
individually may inadvertently fail to benefit from the con-
struction of knowledge that comes from collaborative learn-
ing, which could place students at a disadvantage with re-
spect to the academic outcomes of their course peers.

Aside from a lack of collaborative learning, alternative
field experiences can often be detrimental to developing an
interest and a sense of belonging in the discipline for stu-
dents with disabilities. A field-based identity, as described
above, is often developed in a socially constructed commu-
nity of learning (Atchison et al., 2019; Nairn, 1999; Streule
and Craig, 2016). Without a community to share observations
and interpretations of geologic phenomena, students may fail
to develop the collaborative skills needed to operate within
a research team (Mogk and Goodwin, 2012) and negatively
impact their sense of belonging to the community and the
discipline.

3.2 Accommodations

Practices, devices, or interventions that enable a student with
a disability to access the content, without diverging from
course objectives or reducing student expectations, were
identified as accommodations. For example, a braille text-
book, an audio-recorded guidebook, or similar alternative
representations of the same course materials being used in
a course are accommodations for a student with a visual dis-
ability. Accommodations are aligned to the individual needs
of the student and should be considered to support their
full inclusion and participation in the learning community.
Four specific accommodation practices were identified in this
study and are detailed in Table 4.

3.2.1 Department- or instructor-provided resources
and assistance

Situations where the department or an instructor provides
personalized assistance so that a student with a disability is
able to participate in a field learning activity with their peers
are described as department- or instructor-provided resources
or assistance. This may include driving students directly onto
outcrops or a nearby overlook so students could view the field
site. Providing students with multiple representations of the
field content, including the use of hand samples and thin sec-
tions of the area rock types, aerial photographs, and Giga-
pan™ images would enable the student to make their own ob-
servations and interpretations of the environment (Atchison
and Gilley, 2015; Houghton and Gordon, 2019; Houghton et
al., 2020). To accommodate a student with a mobility dis-
ability, respondent P63 stated “we were able to pull his ac-
cessible van up very close to the outcrops and give him im-
ages and samples of the materials the students were examin-
ing”. In cases of students with visual disabilities, assistance
may include providing the student with a personal guide
to accompany them during the trip or provide the student
with accessible course materials (e.g., braille guidebooks,
audio-recorded field notes, tactile models). One respondent
(P91) used “3D plastic maps in lieu of topographic maps to
help the student understand relief, landforms”. For Deaf stu-
dents or those who are hard of hearing, instructors may share
field content through one-on-one discussions by communi-
cating with students through an accessible medium (e.g., in-
terpreters, speech to text technology, white board drawings;
Hendricks et al., 2017). One geoscience instructor used “a
portable large writing tablet (paper) into the field for written
instruction” (P145).

Data revealed that, in some instances, instructors would
completely redesign a field activity to include the participa-
tion of a student with a disability in the field with their peers.
As reported by one instructor, a hiking route was selected
with a particular student in mind “so that they don’t feel sin-
gled out” (P107), thus providing an opportunity for the stu-
dent to engage in the entire learning community. However,
one instructor shared that modifying field activities for the
sake of supporting the needs of a single student was not ben-
eficial for the group, claiming that such practices “included
disability student [sic] but slowed and decreased the experi-
ence for other students” (P6). Although this instructor did not
describe how the experience negatively impacted the group,
their response perpetuates the ableist perspectives presented
earlier and highlights a lack of awareness of the benefits of
having a diverse learning community and the need to prop-
erly train and mentor geoscience instructors in the effective
design of inclusive and accessible field activities (Gardiner
and Anwar, 2001). While ensuring all students are included
in field trips may present logistical challenges, field expe-
riences that are designed to engage the knowledge, abili-
ties, and experiences of every student have the potential to
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Table 4. Accommodation strategies for geoscience field accessibility.

Strategy Definition

Instructor- or department-provided
resources and assistance

A student with a disability is provided with assistance so that they are able to participate in
field experience with their peers. Instructors may also completely redesign a field trip so that all
localities are accessible to enable a student with a disability to participate in the same activities
as their peers.

Resources and assistance provided
by the university or office of dis-
ability services

An instructor relies on or uses an on-campus office of disabilities services to accommodate a
student with a disability with resources or other methods of assistance (e.g., computer software,
sign language interpreter, field assistant) so that the student is able to participate in a field course.

Peer-provided assistance Students with disabilities are paired with able-normative peers to provide in-field assistance.
Typically, an able-normative peer would be responsible for completing tasks such as data col-
lection at an inaccessible field site.

Student-provided resources and
assistance

A student with a disability is responsible for securing their own resources in order to participate
in a field course (e.g., bringing a personal assistant, sign language interpreters, or using their
own accessible vehicle).

pedagogically strengthen a learning community by focusing
on the diversity of thought and perspective (Atchison et al.,
2019).

3.2.2 Resources and assistance provided by the
university or office of disability services

Instances when an instructor requested guidance from their
campus office of disability services (ODS) to provide ac-
commodations for students in the field were labeled as re-
sources and assistance provided by the university or office
of disability services. Typically, this would involve acquiring
an accessible van, hiring a sign language interpreter, or re-
questing that field trip guides and materials be translated to
braille and tactile graphics. In one case, an instructor reported
that they had hired a field companion through ODS tasked
with “going to the outcrop to fetch rock samples” (P132)
to support a student with a mobile disability. One instruc-
tor pointed to the use of an ODS-provided American Sign
Language (ASL) interpreter, but described an additional bar-
rier common in Earth science: “Students have access to ASL
interpreters through Disability Services [who] have come on
field trips in the past (though this has generally proven chal-
lenging because of the specialized vocabulary)” (P152). Of-
ten, discipline-specific vocabulary does not have standard-
ized ASL signs and requires tedious finger-spelling to com-
municate the content (Cavender et al., 2010). Although sev-
eral instructors relied on ODS to provide services for stu-
dents with disabilities, many were dissatisfied with their abil-
ity to provide accommodations during field trips. Obtaining
support for students with disabilities during field activities
is often most challenging as ODS typically provide accom-
modations for students inside the classroom and not in a
physically rigorous field setting. Accommodations that are
effective in the classroom are often ineffective in the field,

similar to the practitioner experiences described by Feig et
al. (2019).

3.2.3 Peer-provided assistance

Some instructors shared how they have relied on students en-
rolled in a course to assist a peer with a disability in field ac-
tivities. While mixed-ability grouping, when done properly,
has been shown to strengthen inclusive learning communities
by supporting interactions of diverse perspectives and obser-
vations in the field, (Anderson, 2000; Atchison et al., 2019;
Pettigrew, 1998), most instructors suggested that peer assis-
tance was more a factor of convenience than an pedagogical
strategy. For example, one instructor called peer-provided as-
sistance “an added bonus” because “one of the students in the
class (different section) was taking sign language and was
able to practice as she paired up with this student during one
of the field trips” (P130). In another situation, an instructor
“paired visually impaired students with sighted students and
had them work as teams” (P161). To accommodate a stu-
dent with a mobility disability, one instructor “had students
in the geomorphology course who have limited mobility part-
ner with students who can do the field portion of the project”
(P32). Pairing or grouping of students in the field should not
primarily be about access to the field site, but rather a way of
collaboratively sharing diverse observations and perspectives
of the environment as it relates to application of the content
(Atchison et al., 2019; Stokes et al., 2019).

3.2.4 Student-provided resources and assistance

Questionnaire responses pointed to instances when students
with disabilities had to self-advocate for resources or per-
sonal assistance to the college or university in order to par-
ticipate in a field course or were required to provide their
own. One instructor mentioned how a student, on her sec-
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ond attempt to pass the course, “found her own compan-
ion. . . and brought the woman she lived with” (P102) to
complete a field course. Another department required stu-
dents with disabilities to “drive their own vehicles separately
or have a friend or relative drive them with the additional
vehicle following the bus” (P131). Based on participant re-
sponses, students were responsible for contacting ODS to
request the resources or personal assistance they needed to
participate in a course-required field activity. Several respon-
dents also mentioned that students who were Deaf or hard of
hearing had to rely on lip reading when an ODS interpreter
was not available for the field trip. Situations where a stu-
dent with a disability has to advocate for their own inclusion
in a field course while also focusing on their academic re-
sponsibilities undoubtedly increases their cognitive load and
anxiety and may add an undue financial burden. Even stu-
dents with temporary physical injuries or illnesses are af-
fected as they may also be expected to independently com-
plete field activities at a later date. To alleviate the burden
of self-advocacy and self-accommodation, instructors should
communicate directly with students to determine the best
possible way to serve their needs while also focusing on the
academic objectives of the course. Instructors who commu-
nicate early and often with students tend to develop a more
trusting relationship where students feel valued and encour-
aged to share how to best support them in the field (Atchison
and Gilley, 2015; Hendricks et al., 2017).

3.3 Accessible instructional design

Accessible instructional design is the practice of using uni-
versally designed teaching methods to include and engage all
students in an activity or course regardless of the students’
abilities (Rose and Meyer, 2002). Practices labeled as ac-
cessible instructional design had the key distinction of being
implemented proactively; policies or field trips were built to
eliminate barriers to participation enabling all students to en-
gage in an inclusive community of learning (Atchison et al.,
2019). The three distinct practices of accessible instructional
design are detailed in Table 5.

3.3.1 Multiple-degree track

Geoscience departments that offer multiple degree options,
with or without a focus on field instruction, were considered
as providers of multiple-degree tracks. In these situations, all
students, regardless of disability status, are able to pursue any
degree pathway that is aligned to their interests and abili-
ties. For example, some departments have less field require-
ments for students completing a BA degree when compared
to their BS degree. As reported by one respondent, multiple-
degree tracks may lighten the physical exertion and anxiety
related to traditional geoscience courses and adjust the aca-
demic focus: “one-degree track that does not include the field
mapping course; it emphasizes education skills and climate

change” (P30). Offering multiple degree options to every stu-
dent may eliminate the social stigma associated with request-
ing accommodations or alternative coursework. Presenting
students with pathways to geoscience careers that may not
have field requirements could help improve diversity in the
geoscience workforce and promote the participation of peo-
ple with disabilities.

3.3.2 Optional field trips

Studies have shown that field experiences improve student
learning (Garrison and Endlsey, 2005; Mogk and Goodwin,
2012; Whitmeyer et al., 2009), even though some geoscience
departments permit students to opt out of field activities. Our
research shows that some departments permitted all students,
regardless of disability status, to opt out of field trips. One de-
partment representative reported that, although participation
in field was “strongly recommended” (P110), field activities
had no weight in their final course grades. No information
was provided to determine how geoscience understanding
was impacted by the lack of field trip participation. From the
survey data, respondents who indicated students were per-
mitted to opt out of field activities were only from 2-year
colleges. Although optional field experiences provide flexi-
bility for students with disabilities to complete coursework
towards degree completion, students may miss the valuable
opportunity to apply key geology classroom knowledge to in-
field situations. The completion of field experiences is often
necessary for undergraduate and graduate degree completion
in US geoscience departments, which may explain why only
2-year colleges reportedly offered optional field trips for stu-
dents. Rather than eliminating the field experience, instruc-
tors should instead consider how to best support all students
in field activities by minimizing the barriers preventing ac-
cess and inclusion. Field inclusion and field accessibility are
not synonymous. Full collaborative participation in an activ-
ity does not necessarily mean total access to every location
in the field (Atchison et al., 2019).

3.3.3 Universally accessible field design

Several respondents indicated that their department offered
accessible field courses that are designed to enable all stu-
dents to navigate the field according to their own level of
experience and ability. Other departments were aware of ac-
cessible field courses offered by other institutions and rec-
ommended students to attend those. The creation of a univer-
sally accessible field experience requires a host of logistical
considerations. For example, one such consideration is the
availability of accessible transportation. One respondent de-
signed a field trip that utilized public transportation which
is required to be accessible according to the Americans with
Disabilities Act (ADA) and created course materials in mul-
tiple formats, stating that “the field guide is presented in text
or audio file, or a screen reader can read it” (P127). Field
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Table 5. Accessible instructional design strategies for geoscience field accessibility.

Strategy Definition

Multiple-degree track A department offers multiple-degree tracks with and without mandatory field components.
These multiple-degree tracks are available to all students, regardless of disability status.

Optional field trips A department does not require the completion of field components for degree completion.

Universally accessible field design Required field courses are designed to be accessible for all students or enable students to navi-
gate the field according to their level of ability.

trip stops were in publicly accessible locations, such as mu-
seums and parks. Respondent P145 reported that such a prac-
tice “restricts some activities but allows students the oppor-
tunity to conduct field work.” This flexible design of field ac-
tivities and using multiple instructional strategies to present
field content can create an environment of inclusive learning,
maintaining academic rigor while also reducing the stigma
and anxiety associated with having a disability in an inacces-
sible field site.

4 Conclusion

This study offers insight into current practices of inclusion
and accessibility in field-based teaching and learning within
US geoscience departments. Although this study is based on
practices within the US, we expect that most of the effec-
tive strategies described here will be widely applicable in
other countries where students with disabilities have access
to geoscience programs in post-graduate educational institu-
tions. Designing field activities and courses that support the
needs of all students can be difficult as there is no one-size-
fits-all approach to accessibility and inclusion. Instructional
strategies can vary according to the needs of the student, the
learning goals of the field experience, and the accessibility of
the field locality. In addition, an instructor’s prior knowledge
of accessible, pedagogical practices can shape the outcome
of a field learning experience.

As geoscience instructors continue to modify current prac-
tice and create new curricula, understanding and prioritizing
both access and inclusion are key to encouraging active en-
gagement and participation across a range of student abil-
ity in all geoscience disciplines. One of the more common
practices to engage students with disabilities is the use of
alternative assignments. Alternative assignments are easy to
implement as they require less planning when compared to
redesigning a field course to be accessible, but alternative
assignments perpetuate exclusion by marginalizing students
with disabilities from the learning community for the sake of
liability and convenience. Not providing students with access
to group field activities is problematic as these activities iso-
late students from their peers and limit chances for students
to develop their own identity as a geoscience practitioner. As
much as those of us who work on diversity issues would like

to think otherwise, the culture of the geosciences is inher-
ently focused on fieldwork identity and not on the accessible
opportunities that are available across the discipline. More
geoscience departments may want to utilize purposeful site
selection and the multiple representation of accessible course
materials that allows more access to the field. If instructors
continue to describe the field as the ideal place for geoscience
learning, then we must be working diligently to include all
students in these valuable learning experiences.
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