UNTAPPED CAREER OPPORTUNITIES
FOR PERSONS WITH VISUAL
IMPAIRMENTS
BY IMKE DURRE

Technology, adaptive strategies, full access to information and programs, and reasonable
accommodations allow people with visual impairments to be productive in
the highly visual field of atmospheric science.

magine that you are attending a seminar, and the
speaker asks the familiar question, "Can everybody
see this?" In most such situations, there are a few
nods from the audience, and the speaker proceeds
with the presentation. If you do have difficulty seeing
the slides, the problem is usually addressed with a
few minor adjustments to the display. However, what
happens if you still cannot see and are not able to
rectify the situation by moving to a different location
in the room? Would you still be able to follow the
presentation?
The answer depends both on the speaker and you.
If the speaker is sufficiently audible and descriptive,
you carefully follow what is being said, and you have
the background and skills to translate the descrip-
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tions into concepts, then you are likely to leave with
a good understanding of what was presented. On the
other hand, the presentation becomes much more
difficult to follow if the speakers voice is too quiet
to reach you or if the speaker frequently uses phrases
that refer to the visuals with indefinite descriptors,
such as "I am not going to talk about this," "temperatures are above normal here and below normal
elsewhere," or "the relationship is described by this
equation." Likewise, your comprehension might be
limited either if you allow yourself to be distracted
by your inability to see the slides or if the speaker
is sufficiently descriptive but references unfamiliar
geographical locations.
While scenarios like this are rare for people with
normal vision, individuals with visual impairments
encounter them on a regular basis. Types of visual
impairment include total blindness, blindness with
light perception, legal blindness (i.e., a severely restricted field of vision or a visual acuity of less than
20/200 on the better eye with best correction), and
color blindness. Approximately 4% of Americans
have red-green color-vision impairments (Olson and
Brewer 1997) and 0.4% are legally blind (American
Foundation for the Blind 2007). Even though statistics about the percentage of individuals with visual
impairments in atmospheric science are not available,
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the American Association for the Advancement of
Science estimates that close to 1% of all undergraduate and graduate students in science, technology,
engineering, and mathematics (STEM) fields have
a visual impairment (American Association for the
Advancement of Science 2002).
The success of these individuals in their field of interest hinges upon a number of factors, which include
early and continued exposure to science; adequate
academic preparation and compensatory skills; the
availability of appropriate assistive technology for
reading and creating textual, mathematical, and
graphical material; equal access to information and
programs; and a reliable support system of mentors,
role models, and assistants (Burgstahler 1994; Holden
1998; American Association for the Advancement of
Science 2002). In the atmospheric sciences, concepts
are often communicated by way of graphs, maps, and
other images. Visual material is encountered not only
in presentations and lectures, but also in textbooks,
journal articles, and as a part of day-to-day research
activities. In addition, common tasks, such as contour
mapping, viewing dynamically generated radar and
satellite images, creating figures for publications and
presentations, and taking field observations, rely
heavily on the visual sense. Consequently, for people
with visual impairments pursuing a career in atmospheric science, the accessibility of material presented
in visual form is of particular importance, as are their
skills in interpreting visual information.
This article presents c o m m o n sense adaptive
strategies that make it possible for people with
visual i m p a i r m e n t s to effectively h a n d l e these
issues. The aim is not only to provide resources for
atmospheric science students and professionals with
visual impairments, but also to serve as a reference
for educators and employers of these individuals. In
addition, the paper includes some suggestions for
measures that the atmospheric science community
at large can take to ensure an inclusive environment. "Essential skills and preparation" provides a
brief overview of the skills that are essential to the
success of a visually impaired individual in science
in general and atmospheric science in particular.
"Written communication" and "Graphs, maps, and
other images" discuss the assistive technology and
adaptive strategies that atmospheric scientists with
visual impairments can use to accomplish two basic
tasks: written communication and the creation and
interpretation of maps, graphs, and other images
displaying scientific information. "Integration into
educational and employment settings" provides
guidelines for creating an inclusive environment
| BAHfr

that makes materials and programs accessible, facilitates the independent completion of educational and
on-the-job tasks whenever practical, and provides
individualized accommodations when needed. The
article closes with a summary.
ESSENTIAL SKILLS A N D PREPARATION.
In order to be successful in atmospheric science,
individuals with visual impairments not only must
possess the appropriate level of knowledge of the
relevant subject matter (e.g., mathematics, statistics,
geography, etc.), but they must also be proficient in the
adaptive strategies they need to employ to compensate
for their lack of vision. These strategies include proficiency in exchanging written materials with sighted
instructors, peers, and colleagues; the ability to use
adaptive equipment (e.g., accessible instruments,
assistive technology, and tactile graphics materials);
skill in acquiring and demonstrating knowledge of
mathematical and scientific concepts that are traditionally communicated in visual form; proficiency
in using sighted assistance when necessary; and the
ability to self-advocate for reasonable accommodations in a constructive manner (Milam 1973; Travis
1990; Burgstahler 1994; Stefanich 1994; Kraus 1996;
Vermeij 1996; Holbrook and Koenig 2005).
Parents, teachers, and special educators are instrumental in ensuring that students begin to acquire
these skills at an early age and continued to refine
them throughout their education. For students with
visual impairments, essential components of a basic
science education include academic coursework,
individualized instruction in compensatory skills,
and active participation in activities that encourage
scientific inquiry and exploration (Burgstahler 1994;
Kraus 1996; Kitchin et al. 1997; Erwin et al. 2001).
During high school and postsecondary education,
internships and research experiences give students
with career aspirations in a scientific field a chance
to learn what is required of them to succeed in a job
in their area of interest (American Association for
the Advancement of Science 2002; Cervenka 2005;
Wechsler et al. 2005).
Of critical importance in all of these endeavors
is that students with visual impairments are expected to acquire and demonstrate either the same
or equivalent proficiencies as their sighted peers, so
that by the end of their educational program they
are prepared to compete in the m a i n s t r e a m job
market (Burgstahler 1994; Stefanich 1994; Holden
1998; American Association for the Advancement
of Science 2002; Cervenka 2005; Bonetta 2007).
Furthermore, students should have the opportunity
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to experiment with different strategies and determine
which tasks are most effective and appropriate for
them to complete independently and which require
sighted assistance (Vermeij 1996).
For example, a skill that is particularly relevant
to atmospheric science is the ability to read maps,
graphs, and r a d a r and satellite images, a n d to
understand concepts that are illustrated by way of
these inherently visual tools. The successful interpretation of visual material, in turn, is linked to the
skill of cognitive mapping, that is, the ability to form
a mental image of an environment. In cognitive maps,
places to which names and locations can be attached
function as anchor points around which landmarks
and areas of reference are organized (Golledge 1993;
Kitchin et al. 1997). Even though the information required to form cognitive maps can be gained through
auditory and haptic (i.e., tactual) interactions with
the environment, it is often most readily available in
visual form. For this reason, individuals with little or
no usable vision must make a special effort to acquire
the same information through haptic and verbal
means (Golledge 1993; Kitchin et al. 1997). This requires the early development and maintenance of the
skills necessary for understanding spatial concepts
and a continual active pursuit of the information
required to become oriented in new surroundings
and understand new types of diagrams (Holbrook
and Koenig 2005).
Nonvisual activities that foster spatial understanding include
•

sensory-motor activities that clarify the locations
of objects in relation to each other (Golledge 1993;
Kitchin et al. 1997; Holbrook and Koenig 2005),
such as the independent exploration of one's
immediate surroundings, constructing patterns
out of blocks and other materials, playing board
games, and solving puzzles that require the recognition of two -or three-dimensional patterns;
• orientation to large geographical areas and the
geographical distribution of quantities, such as
temperature and precipitation, through verbal descriptions and tactile maps (Travis 1990; Kitchin
et al. 1997; Blades et al. 2002);
• familiarization with typical verbal descriptions
and/or tactile representations of commonly used
diagrams and maps (e.g., contour maps), as well
as with strategies for constructing them; and
• exposure to illustrations, such as the pseudoadiabatic chart, that serve to convey abstract concepts
(Kraus 1996; Wild and Hinton 1996; Holbrook and
Koenig 2005).
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Tactile materials play a central role in all of these
activities. Commonly used tactile diagrams and maps
are available for purchase from a variety of sources
(e.g., see the resource list provided by the National
Center for Blind Youth in Science), and others can
be created by sighted instructors or assistants in
one of several ways. Simple methods for producing
a tactile version of a diagram include applying glue,
sandpaper, fabric paint, and Wikki Stix to sheets of
paper or cardboard; rubbing images into sheets of
card stock, metal foil, or plastic; arranging magnetic
pieces of various shapes and sizes on a magnetic
board; and running a special paper copy of the diagram through a heat source which causes the black
areas to become raised (Kubiak-Becker and Dick
1994; Schleppenbach 1996; Horsfall 1997; Blades et al.
2002; Golledge et al. 2006).
W R I T T E N C O M M U N I C A T I O N . One of the
most significant impacts of a lack of vision is the
inability to read print, which affects both the ability to access information and create documents that
can be shared with print readers. In educational
settings, this issue is often addressed by arranging
for textbooks and other materials to be produced in
braille, large print, auditory, or digital formats, and
by translating into print a student's brailled or verbal
answers to test questions and assignments (Holbrook
and Koenig 2005). However, particularly when the
material is technical in nature, such transcription
tends to be a time-consuming process that requires
special knowledge of both the subject matter and
appropriate production techniques (Gardner 1998;
Noble 1998; Durre and Durre 1999).
Fortunately, screenreading and magnification
software, refreshable braille displays, and optical
character recognition (OCR) software make it possible for print and nonprint readers to communicate
in writing without intermediary steps, thereby facilitating the full integration of people with visual impairments into educational and employment settings.
This equipment is critical to the timely completion
of basic tasks, such as writing papers and computer
programs, downloading and reading online journal
articles and other texts, perusing conference Web
pages, and reading and replying to e-mail messages.
For individuals with visual impairments, computers and assistive technology therefore are not only a
matter of convenience, but make it possible for them
to compete with their sighted peers by providing
a means for direct written communication (Durre
and Durre 1986; Burgstahler 1994; Holden 1998;
Bonetta 2007).
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The majority of computer users with visual impairments rely on so-called screenreading software,
which reproduces in spoken form information presented on the computer screen. Such software not
only reads documents aloud and echoes text entered
on the keyboard, but also relays the text labels of
icons, buttons, and other controls that are part of
today's standard computer systems. In addition, many
screenreaders provide features that assist users who
have a degree of residual vision (e.g., text enlargement, highlighting of important areas of the screen,
and color adjustments).
For a smaller, but growing, percentage of users
who rely on refreshable braille displays as a means of
output, all information that is spoken is also presented
in braille. A refreshable braille display is a device
consisting of between 8 and 84 braille cells in which
piezoelectric pins are raised and lowered to form the
requisite characters as a user enters text or navigates
through a document or application. Compared to
speech output, braille output is a more efficient means
of accessing spelling and navigating tables and other
spatially arranged material (e.g., Durre and Durre
1999). For this reason, refreshable braille displays
are particularly beneficial for atmospheric scientists
for whom the review of large tables of data and the
writing of computer programs constitute a significant
part of day-to-day activities.
When it is necessary to read a document that is
not available in electronic form, a scanner and OCR
software facilitate independent access to the document. A printed document can be scanned, converted
to text, reviewed with speech and braille output, and
saved to an electronic file for later reference. This can
be accomplished with standard off-the-shelf software
or with reading systems that have been designed specifically for use by people with visual impairments.
The dedicated systems provide auditory feedback on
page orientation, layout information, and other document characteristics that, in standard software, are
usually presented in visual form. The same software
can also assist in the conversion of documents that
are available only in the form of the scanned image,
as is the case for articles from older issues of journals
published by the American Meteorological Society
and other organizations.
Even though scanning a document is a useful
supplementary method, it should be considered a
last resort to be used when all options for obtaining a
document as electronic text in a timely manner have
been exhausted. Despite continual improvements
to OCR software, extremely large or small print,
unusual fonts, poor contrast between the text and
990
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background colors on the page, and complex layouts
can degrade the recognition results. Furthermore,
handwritten materials are not recognized at all.
Consequently, the process of accessing a print document can be quite time consuming and may require
sighted assistance.
Access to mathematical material requires the use
of additional assistive technology. This technology
has been undergoing rapid development in recent
years. Visually displayed mathematical expressions
can now be recognized by specialized OCR software
(Uchida et al. 2005). As a result, software programs
are becoming available that make mathematical
expressions scanned f r o m print documents and
found on Web pages accessible, and that convert PDF
and Microsoft Word files containing mathematical
material into a variety of accessible formats (e.g.,
products developed by Design Science and the Infty
Project).
Fewer options for adaptive software exist when
the visually impaired atmospheric scientist needs to
include mathematical expressions in documents that
are to be shared with sighted colleagues. Nevertheless,
the situation can be handled in one of three ways. For
informal communication with colleagues, one option is to write mathematical expressions in a linear
format that is intuitive to both print and nonprint
readers (Sahyun et al. 1998; Durre and Durre 1999).
Formal documents, such as journal articles describing
statistical methods or dynamical processes, can be
written using LaTEX, a typesetting language that
provides full control over the visual presentation of
mathematical expressions by way of its syntax. In
environments in which LaTEX is not used, a sighted
coauthor or assistant can add the requisite mathematical expressions to a formal document.
GRAPHS, MAPS, A N D O T H E R IMAGES. As
is true for tasks related to written communication, it
is desirable to maximize the efficiency with which
the visually impaired individual can independently
access and present information in graphical form.
However, the assistive technology for manipulating
graphics is not yet as mature as that for handling
text. Consequently, sighted assistance and other
accommodations may be required more frequently,
and the adaptive strategy that is most appropriate
is highly dependent upon the individuals ability to
handle spatial concepts, the type of equipment and
resources available, the complexity of the material,
and the level of detail desired.
Individuals with visual impairments in any course
or job in the atmospheric sciences must be able to
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comprehend journal articles, other written materials,
and presentations that rely heavily on the graphical
display of material. In addition, those responsible for
creating reports, publications, and presentations must
have a strategy for incorporating high-quality figures
into their work. Because maps and graphs frequently
constitute the most effective vehicle for identifying
and interpreting patterns in large amounts of data,
researchers and others p e r f o r m i n g data analysis
may also find it useful to develop techniques for displaying results in a form that is accessible to them.
Finally, satellite meteorologists, weather forecasters,
and broadcast meteorologists may need to access
dynamically generated radar and satellite images or
find suitable ways to work around this need.
One approach to accessing the content of graphs,
maps, and other images is to use assistive technology
that provides auditory or tactile representations of
such material. A tool commonly used by scientists
with visual impairments is a tactile graphics embosser (Sahyun et al. 1998), a special printer that
can print hardcopy tactile versions of electronic
image files. The most advanced models of these
p r i n t e r s i n c o r p o r a t e variable h e i g h t - p u n c h i n g
technology, which allows for the representation
of different colors by different textures. Another
piece of technology for accessing graphics is the
tactile graphics display, a device that contains an
array of pins that are raised selectively to replicate
images displayed on the computer screen and refresh
whenever the content of the screen changes. Even
though tactile graphics displays have the potential
to provide instantaneous tactile access to on-screen
images, their utility is highly dependent on their dot
resolution and on the flexibility and sophistication
of the software that controls how information is
presented to the user. An alternative means for
reading electronic images is to employ software
that uses sound to represent images (Sahyun et al.
1998; Golledge et al. 2006). Such software illustrates
change via tonal variation, and different tones can be
allocated to different specific features on a graph or
other image. While audiographs can provide quick,
qualitative access to single-line plots, the successful
interpretation of more complex images depends on
the ability of supporting software to provide an
effective mechanism for orientation to the different
components of the image (Sahyun et al. 1998).
Given their limitations, these tools are best suited
for the exploration of fairly simple figures, such as
scatterplots and line plots, containing one or two
curves (e.g., a time series or vertical profile) for
which layout information is either known or easily
AMERICAN METEOROLOGICAL SOCIETY

accessible. This is the case, for example, when the
visually impaired individual has created a plot using
command line-driven software such as Matlab, IDL,
GMT, or GRADS. Because in these software packages, plot size and position, line types, axis labels, and
tick marks are controlled via standardized syntax, it
is possible to generate high-quality figures without
seeing the actual plot on the screen.
Even with these technological advances, a person
without sight may find the act of deciphering figures
to be a more time consuming and less effective means
for gaining information than the extraction of the
same information f r o m textual descriptions and
tables. Oftentimes, the graphical presentation of
results merely is a visual method for displaying information that is also available (or can be produced) in
numerical or descriptive form. When figures appear
in journal articles, for example, it is nearly always
possible to gain at least a basic understanding of the
material from the text and figure captions. Within
one's own research, one can usually generate results
in tabular rather than graphical form, thus allowing
them to be reviewed with speech or braille output.
Numerical frequency distributions, correlation and
regression coefficients, and tabular output of annual
or monthly mean temperatures can take the place of
histograms, line graphs, and time series plots. With
sufficient time and p r o g r a m m i n g skill, it is also
possible to create scatterplots and crude maps with
standard characters that can then be explored with
a refreshable braille display. Once research findings
are ready for inclusion in publications or presentations, however, it is advisable for visually impaired
persons to ask a colleague familiar with the subject
for a visual impression of potential figures and leave
final preparation of the figures to a graphics specialist
or other sighted assistant.
There are also situations in which a person with a
visual impairment may find it necessary or desirable
to ask a colleague for a verbal description of illustrations that appear in publications and other documents. Such illustrations frequently are too complex
to quickly represent or decipher in an alternative
format, yet they may present essential details that
are not included in the text. For example, a reader
interested in the climate of a particular region may
find an article in which a map of temperature trends
across the globe is shown, but the specific region of
interest is not discussed in the text. Even if the visually impaired reader has access to the equipment
necessary for displaying the map in tactile or auditory form, he or she may find it more expedient and
effective to ask a sighted colleague for the desired
JULY 2008
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information. While such specific requests tend to not
require much time on the part of the colleague, more
extensive sighted assistance maybe necessary in other
situations, such as when consistency between the text
and figures needs to be checked during the review
of a manuscript. If the need for verbal descriptions
is frequent, the best option may be to arrange for a
designated assistant who is sufficiently knowledgeable to accurately answer specific questions regarding
the characteristics of plots, maps, and other figures
as needed (Vermeij 1996; Asher 2001).
INTEGRATION INTO EDUCATIONAL
A N D EMPLOYMENT SETTINGS. In one way or
another, all members of the atmospheric science community contribute to whether individuals with visual
impairments considering a career in atmospheric
science find an environment that either encourages
or discourages their pursuit. An inclusive environment is one that strives for m a x i m u m accessibility of materials, equipment, and programs, and in
which everyone has an open mind toward providing
reasonable accommodations without compromising
expectations for performance or level of participation (American Association for the Advancement
of Science 2002; Golub 2006). Such an environment
communicates to prospective scientists with visual
impairments that they are welcome in the atmospheric science community and are expected to be
valuable contributors to the field. Conversely, the
absence of such conditions can cause even the bestprepared students to choose a different field that they
perceive to be easier for them.
In order to be fully integrated into their educational and employment settings, it is important for
students and professionals with visual impairments
to be expected to understand the same concepts,
have access to the same information and experiences,
and perform the same level of work as their sighted
peers (American Association for the Advancement of
Science 2002; Cervenka 2005). For visually impaired
students participating in an atmospheric science
course or outreach program, this is best achieved
when they attend the same lecture, complete the same
assignments and tests, perform the same laboratory
exercises, and take the same field trips as the other
students (Travis 1990; Locke 2005; Bonetta 2007).
Likewise, employees with visual impairments are
likely to be respected members of the workforce if
they perform the same quality of work as their sighted
colleagues and participate in standard training and
other activities. An inclusive environment can be
facilitated in the following two complementary ways:
992

universal design and individualized accommodations
(e.g., Locke 2007). Universal design means that information, equipment, and programs are designed to
maximize the ability of everyone to fully benefit from
them without specific accommodations. Although
students and employees with visual impairments are
likely to require assistive technology, as discussed in
the previous two sections, Web pages, courses, and
seminars can frequently be delivered in a way that
provides full and independent access to visually impaired users. Accommodations beyond the provision
of basic assistive technology are then only required
when essential information cannot easily be provided
in an accessible format or when the individual finds
it more efficient to utilize sighted assistance for the
completion of a task.
Implementation

of universal design principles.

The prin-

ciples of universal design are particularly relevant to
written materials that are distributed via the Internet
or as part of a course, conference, or other group
activity. If handouts, scientific publications, and other
written communications are provided in a text-based
electronic format, and written responses are accepted
electronically, a visually impaired individual with
appropriate assistive technology will be able to access
and respond to them independently (Burgstahler
1994; Bohman 2007). Accessible electronic formats
include HTML, XML, Microsoft Word, and text
files, as well as disability-specific formats such as the
Digital Audio-Based Information System (DAISY),
digital braille (BRF), and National Instructional
Materials Accessibility Standard (NIMAS). PDF
files can be considered accessible if they are "tagged,"
which is usually the case if they have been created
electronically (e.g., by printing a Microsoft Word
document to Adobe Acrobat). Material that is not
considered accessible includes scanned images that
have been saved in PDF format, text contained in electronic faxes and other image formats, and graphical
objects (e.g., images of tables or equations) that are
embedded in documents.
Universal design principles also extend to the
content of Web sites. Web content includes not only
HTML pages, but also word-processor and scanned
documents, slide shows, spreadsheets, videos, Java
applets, and Web-based s o f t w a r e applications
(Bohman 2007). The accessibility of these materials
can be ensured by adhering to the standards published by the Web Accessibility Initiative (WAI) of
the World Wide Web Consortium (W3C), as well as
the somewhat less stringent guidelines contained in
Section 508 of the U.S. Rehabilitation Act.
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Beyond the provision of providing documents in
an accessible format, key Web accessibility standards
include ensuring that all images, links, and controls
contain meaningful text labels; writing mathematical expressions in MathML and tables in HTML;
providing keyboard access to controls within forms
and Web-based applications; and providing a point
of contact for accessibility issues (Bohman 2007;
Web Accessibility for All 2007). W h e n choosing
appropriate text descriptions for images, an identifying label is often sufficient if the image is either
included for aesthetic reasons or as a supplement to
a text or table. For example, when a radiosonde is
shown for the sole purpose of making a Web page
more visually appealing, the text description of this
image might simply say "Picture of a radiosonde." On
the other hand, a description of an informational image is most effective when it contains a brief synopsis
of both the purpose of the illustration and the information being communicated. In addition, images can
be made more widely accessible by also providing a
means for accessing their content in numerical form,
if appropriate.
In the context of presentations and h a n d s - o n
activities, universal design implies that the event
caters to the visual, auditory, and tactile senses. For
example, a Web site containing online activities for
elementary students might include not only coloring
books and videos of storms, but also weather-related
sound effects, interesting weather statistics in tabular
or text form, and activities encouraging students to
record weather observations and compute basic statistics such as monthly means and totals. Similarly,
presenters at scientific meetings and course instructors can ensure that their presentations are clear to
everyone in the audience by verbalizing all important
information contained in their slides. In particular,
the effective description of charts, graphs, and diagrams involves a) communicating the purpose of the
image, b) determining which pieces of information
are the most significant to achieving this purpose,
and c) presenting the relevant i n f o r m a t i o n in a
logical, user-oriented order (Web Accessibility for
All 2007). Furthermore, mathematical expressions
can be read aloud, and graphics can be designed
with high-contrast colors and other color selections
that take into account the needs of people with low
vision or color-vision impairments (Olson and Brewer
1997; Stephenson 2005). The implementation of such
strategies not only maximizes the accessibility of
the presentation or event for people with visual impairments, but tends to make the information more
meaningful to all members of the audience.
AMERICAN METEOROLOGICAL SOCIETY

Another effective universal design strategy in
education and employment is to encourage group
work in which all group members have assigned roles
that are consistent with their abilities (Golub 2006;
Locke 2007). For example, during a class project
that requires the observation of clouds, the student
with a visual impairment might take notes while the
sighted partner describes the character of the clouds.
Likewise, a policy that encourages teamwork reduces
the need for specific accommodations for a visually
impaired employee. For example, when climatological analyses need to be performed and summarized,
the task can be assigned to a team consisting of a
computer programmer, graphic artist, and someone
skilled in scientific writing, thus providing each team
member the opportunity to excel in his or her area
of strength.
Accommodations. In atmospheric science and related
fields, the need for accommodation arises most frequently when essential materials are not automatically available in an accessible format or when informational images need to be interpreted or created.
Aside from the provision of basic assistive technology,
such as screenreading or magnification software and
a refreshable braille device, possible accommodations
include (Travis 1990; Brazier et al. 2000; Asher 2001;
Erwin et al. 2001; Tatomir and Lowan 2004; Holbrook
and Koenig 2005; Locke 2005; Golub 2006)
•

•

•

•

•

acquiring additional specialized equipment (e.g.,
a tactile graphics printer or instruments that can
deliver readings tactually, via voice output, or
through a computer);
arranging for the timely conversion of written
materials that are not already available in accessible form to a medium that is appropriate for the
individual (braille, large print, electronic text, or
audio recordings);
providing tactile materials and three-dimensional
models that illustrate spatial and abstract
concepts;
replacing inaccessible or impractical assignments
or job tasks with equivalent ones that accommodate the visually impaired person's abilities; and
providing sighted assistance, for example, for
creating or reading graphics, for reading material
that cannot be scanned or accessed with a screenreader, or for navigating unfamiliar conference
venues.

In employment settings, a request for assistive
technology or for the transcription of materials into
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an accessible format will usually be initiated by the
employee or by an agency that has performed a needs
assessment. Funding for equipment and referrals to
transcription services can be obtained from sources
such as the Vocational Rehabilitation Services and,
for federal employees, the Computer/Electronic Accommodations Program administered by the Department of Defense. When assistive hardware or software
is acquired, additional issues to be considered include
how the visually impaired user will be trained on
the use of the new technology and how installation,
maintenance, and software compatibility issues will
be handled.
The modification or replacement of assignments
and tasks as a means of accommodation can take a
number of forms. It is most appropriate when the
standard method for completing a particular task
turns out to be inefficient for a student or employee
with a visual impairment. In such cases, it is often
constructive for the visually impaired individual and
his or her supervisor or instructor to jointly explore
alternative methods for completing the same task.
For example, if a particular software application is
difficult to use with the assistive technology at hand,
it may be worthwhile to search for an equivalent
application that is more accessible. Similarly, test
questions requiring the construction of figures (e.g.,
contour maps) can be replaced with appropriate
interviews or essay questions asking the student to
describe how the figure should be constructed (e.g.,
how the shape of each contour and the number of
contours should be determined).
The types and frequency of accommodations employed are determined, in large part, by the skills and
visual acuity of the student or employee and by the
nature of the tasks to be performed. For example, an
employee with some residual vision whose primary
task is to write computer programs in support of data
analysis may require little or no additional accommodation, while a satellite meteorologist with no usable
vision may need to rely on sighted assistance for the
reading of satellite images on a regular basis. In some
cases, the choice between using assistive technology and utilizing sighted assistance depends on the
preferences of the visually impaired individual and
on the availability of reliable sighted assistants. Some
individuals, for instance, prefer the independence of
scanning and perusing a print document immediately, while others find it more efficient to wait for
a human reader to selectively read relevant parts of
a document to them. A final factor is the degree to
which those interacting with the visually impaired
individual are open to making minor modifications
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to their routines when such modifications increase
the independence of that individual. For example, an
instructor who usually provides comments on written
work by handwriting them onto a printed copy of
the document may instead consider listing his or her
comments in an e-mail message if (s)he knows the
recipient is unable to read handwritten comments.
In choosing an appropriate accommodation, it is
important for individuals with visual impairments
and their instructors, supervisors, and colleagues to
engage in a collaborative determination of a reasonable accommodation that allows the individual to
perform the task as efficiently and independently
as possible without compromising the quality of the
work (American Association for the Advancement
of Science 2002; Golub 2006). This collaborative
approach is most effective when the visually impaired
individual is well versed in the adaptive strategies
that help him or her complete the task and possesses
the appropriate self-advocacy skills for articulating
his or her needs (Burgstahler 1994; Stefanich 1994;
American Association for the Advancement of Science
2002; Bonetta 2007). Particularly when an unfamiliar
task is encountered, educators and supervisors who
are open minded and aware of possible accommodation strategies and available resources can also
be instrumental in identifying the accommodation
that best fits the situation (Stefanich 1994; American
Association for the Advancement of Science 2002).
SUMMARY. The successful inclusion of individuals with visual impairments in atmospheric science
careers requires adequate preparation of these individuals, access to appropriate assistive technology,
o p e n - m i n d e d and creative supervisors and colleagues, as well as an inclusive environment within
the atmospheric science community at large. For
visually impaired students and professionals in any
scientific field, key strategies for success include
•

choosing a job that is consistent with their academic and compensatory skills;
• being proficient in the use of appropriate assistive
technology, including a screenreader, refreshable
braille display, scanner and OCR software, and
software and hardware for accessing mathematical
and graphical material;
• honing their understanding of spatial concepts and
actively seeking out verbal and tactile information
about concepts that are presented in graphical
form;
• being aware of their needs for assistive technology
and adaptive strategies; and
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•

collaborating with instructors and supervisors to
determine appropriate accommodations.

Supervisors can f u r t h e r contribute to on-the-job
success by
•

assigning job tasks to people according to their
strengths;
• assuring the availability of accessible written
materials, software, and equipment;
• being aware of available accommodation-related
resources and collaborating with the employee in
identifying the most appropriate accommodation
for a particular situation; and
• facilitating the acquisition of assistive technology
as needed.
Beyond the immediate workplace, the ability of
atmospheric scientists with visual impairments to
succeed is enhanced when Web sites, publications,
conferences, and programs are designed with accessibility standards and the potential need for accommodations in mind.
When all of these strategies are employed, standard on-the-job activities such as research, publication of scientific findings, attendance of scientific
meetings, and delivery of presentations can easily
be performed by a person with a visual impairment.
An employer should then be able to expect the same
quality of work from a visually impaired employee as
from his or her sighted colleagues.
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