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Abstract: Students with blindness or low vision are often discouraged from full participation
in laboratory science classes due to the inadequacy of current methodological approaches and
the lack of sophisticated adaptive technologies. Consequently, these students rarely go on to
pursue advanced studies and employment in the sciences. In response to his own frustrations
as a scientist with blindness, Supalo conceived, co-founded, and managed the Independent
Laboratory Access for the Blind (ILAB) project for his doctoral research in chemistry. Numerous
multisensory tools, technologies, and methodologies for teaching the sciences to students with
visual impairments were developed and evaluated by the ILAB team. In 2009 and 2010, these
hands-on adaptations were used by students with blindness and low vision from throughout
the Caribbean during a chemistry workshop at a one-week summer camp held on the island of
Tobago. Led by Supalo during the first-ever Camp Can Do in 2009 and Wohlers during 2010,
the chemistry workshop successfully introduced the students to some basic chemical reactions
and the most current adaptive technologies available for the laboratory sciences. For many of
the students, Camp Can Do represented the first real opportunity to learn about science and
technology with a hands-on approach.
INTRODUCTION

have observed firsthand that this lack of encouragement to explore science up close and
personal, and the resulting lack of satisfaction, often deters students who are less than
enthusiastic about science from pursuing
further scientific efforts. This observation is
supported by the fact that very few persons
with disabilities, and even fewer with visual
impairments in particular, are employed in
chemistry or other scientific fields.

Traditionally, students who are blind or low
vision (BLV) working in science laboratory
classrooms have used what is referred to as
the “directed laboratory assistant” approach,
which consists of working with a sighted
partner whom the BLV student instructs in
carrying out the tasks of the laboratory activity (Miner, Nieman, Swanson, & Woods,
2001, p. 62). While this approach has value
— it’s effective in allowing students with
BLV to complete course and degree requirements, and all current chemists with BLV
have used it successfully to get where they
are — it offers vicarious experiences that are
not thoroughly motivating or engaging to a
majority of participants. Supalo and Wohlers

Information from the National Science Foundation (2006) revealed that only 6.5% of the
nation’s science and engineering professionals have disabilities. In 2009, an employment survey distributed to members of the
American Chemical Society found that 2.2%
of respondents identified themselves as dis1
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abled (Allum, 2010). Of the persons with disabilities who were working in chemistry and
named in the Resource Directory of Scientists and Engineers with Disabilities (Stern,
Mohamed, Summers, & Leon, 2009), only a
handful were visually impaired.

ally within the grasp of high-school students
with BLV (Supalo, 2007; Supalo, 2010; Supalo et al., 2006; Supalo et al., 2009; Supalo
et al., 2007). These adaptations were fieldtested in numerous mainstream high schools
as well as residential schools for the blind.

As scientists and educators who are blind,
Supalo and Wohlers have always had a passion for working with persons with BLV,
especially mentoring these individuals in
science, technology, engineering, and mathematics (STEM). They believe that students
with visual impairments can take fully active
roles in science education and the science
professions when provided with the appropriate adaptive tools.

In July 2009 Supalo brought some of the
ILAB tools and technologies to the first-ever
Camp Can Do, a one-week summer camp for
youth with BLV on the Caribbean island of
Tobago. This event, sponsored by The Torres
Foundation for the Blind, included adaptive
technology training workshops and experiential science activities, offering the opportunity
to these students, many for the first time, to
learn about science and technology with a
hands-on approach, as well as participate in
outdoor recreation, learn about self advocacy,
and develop self confidence. Among the activities was a chemistry workshop headed by
Supalo to introduce the students to various assistive tools to help them succeed in laboratory
science. The 14 participants, most of whom
were high-school age, along with a few a little
younger or older, came from throughout the
Caribbean, including Trinidad and Tobago, Jamaica, Barbados, and Antigua. The following
summer, Wohlers taught the chemistry workshop at Camp Can Do 2010, featuring numerous all-new ILAB-adapted laboratory activities. Sixteen participants attended.

While researching a problem in catalysis for
his master’s thesis, Supalo encountered serious inconsistencies in results due to needing
multiple undergraduates to assist him in the
laboratory, who acted as his eyes and hands
in handling the equipment and chemicals and
performing tasks as directed. Due to the sensitivity of the reactions, any minor variations
in technique from person to person introduced new, unwanted variables. As a result
of these difficulties, for his Ph.D. research
Supalo developed an interest in finding
ways to allow persons with BLV to perform
laboratory research in a more independent,
hands-on manner. With the support of funding from the National Science Foundation’s
Research in Disabilities Education program,
he conceived, co-founded, and managed the
Independent Laboratory Access for the Blind
(ILAB) project at The Pennsylvania State
University, which researched, developed, and
evaluated multisensory tools, technologies,
and methodologies for putting science liter-

MAKING SCIENCE ACCESSIBLE
The camp’s emphasis was on teaching the
participants how to accomplish numerous
STEM-related projects for themselves using
a range of assistive hardware and software,
not just that from ILAB. Among the technologies covered during various camp sessions
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were the Job Access with Speech (JAWS)
text-to-speech screen reader, optical character recognition (OCR) software, and refreshable Braille display devices, all of which
are widely possessed in the United States by
people with BLV. Tools and techniques for
measuring mass, volume, and length were
also explored.
Available from Freedom Scientific, JAWS
is a computer program for word processing and accessing online resources. It reads
the text displayed on computer screens via
synthesized speech, allowing persons with
BLV to read and write reports, conduct online research, and otherwise access and manipulate computerized information. OCR
software converts digitally scanned printed
text into word-processing files and synthesized speech. Refreshable Braille display devices are likewise for reading from computer
screens, through translating lines of text into
Braille characters by means of raised pins,
and can operate in conjunction with text-tospeech screen readers such as JAWS.
The ILAB tools used at Camp Can Do included an innovative interface between the
JAWS screen reader and the standard Vernier
laboratory hardware/software commonly
found in science classrooms. The interface
connects Vernier’s LabPro data-collection
device, laboratory probes, and Logger Pro
data-acquisition software to a PC via a standard USB cable, and thus to the JAWS program through specially developed JAWS
scripting files (Supalo, 2010; Supalo et al.,
2007). The interface can also be used with
Vernier’s Go!Link devices instead of LabPro
units, as was done at Camp Can Do 2010,
when Wohlers used Go!Links rather than
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LabPros because the Go!Links were lighter
and less expensive. Go!Links utilize Logger
Lite data-acquisition software and accommodate only one probe at a time.
The JAWS interface allows extensive audible
functionality with data collection, real-time
probe readings, data table navigation, and
statistical analysis. In short, with this setup,
students with visual impairments can independently connect and install any desired sensors or probes, initiate data collection, and access and manipulate the resulting data. (Note:
While laboratory probes are manufactured
by multiple companies, the JAWS interface is
usable only with Vernier products, which are
widely available and inexpensive. Users may
download the current JAWS scripting files
needed to make JAWS compatible with Logger Pro from the ILAB Web site for free. Go to
http://ilab.psu.edu and follow the directions.)

Figure 1: Vernier LabPro with probes
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Another ILAB tool presented at Camp Can Do
was a prototype device known as the Submersible Audible Light Sensor (SALS), developed
in the Research Instruments Facility of the

Figure 2: The Submersible Audible Light
Sensor (SALS) control box and probe

Chemistry Department at Penn State University (Supalo et al., 2006). The SALS, which incorporates a light sensor embedded in a glass
wand, can measure color-intensity changes
in a solution and convert the readings in real
time to audible tones and synthesized speech
indicating the hertz of the tone frequency. The
tones produced by the SALS vary based on the
amount of light detected. As a chemical reaction runs to completion, the intensity of light
transmitted through the solution is modified as
a result of the formation of a precipitate, a color change, or gas bubbles. The SALS also has
memory storage capabilities so that tones can
be played back for comparison purposes. Results can be qualitatively affected by shadows,
such as those cast by students leaning over the
equipment, but this is easily addressed.

More About the SALS
The Submersible Audible
Light Sensor (SALS), developed by the Independent Laboratory Access for the Blind
(ILAB) at Penn State University, may become commercially
available within a couple of
years. Meantime, the devices
can be borrowed on a very limited basis from Cary Supalo by
special request. Until the SALS
is widely available for purchase
by schools and teachers, there
are some alternatives that can
be adapted for laboratory classroom use.
One example is the
telephone light sensor from
Captek Inc., formerly Science
Products for the Blind. The

device was designed to detect
the lights on telephones with
multiple lines. While it is not
submersible in liquids, it can
detect color changes through
glass, such as the walls of
beakers or flasks. Before beginning development of the
SALS, Supalo tested this limited application of the telephone
light sensor and found it to be
reasonably adequate, which
fueled his interest in converting changes in light intensity
to audible tones for laboratory
classroom use by students with
blindness or low vision.
The authors know of
no submersible audible light
sensors currently on the mar-

ket from any manufacturer.
Submersibility allows more
effective measuring of even
slight changes in light intensity
in liquids, such as small variations in color or the formation of precipitates or bubbles,
which the Captek product is
not sensitive enough to detect.
The SALS can also be used for
separating clear liquids layered
in the same vessel with a high
degree of accuracy, detecting
color changes of solid objects,
and acid/base equivalency detection with the use of phenolphthalein (which is pink or red
in basic solutions).
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GETTING STUDENTS’ HANDS ONTO
THE SCIENCE
The 2009 chemistry workshop, held on the
first day of camp, began with a discussion
about the scientific method and how it can be
used to problem solve. Next was a detailed
demonstration of the ILAB tools and technologies. The Vernier probes were passed
around for the participants to examine. The
JAWS interface was then utilized with the
probes and LabPro units to collect data on the
temperature and humidity in the room. Datatable navigation was demonstrated by using
the control-tab command and the corresponding up, down, left, and right arrow keys to
read the individual data points in the table.
A question-and-answer session regarding the
functionality of these tools followed.
Various hands-on lab activities specifically
adapted for persons with BLV were then conducted, including:
What Happens When Alka Seltzer Meets
Water? The first hands-on activity consisted
of each student placing an Alka Seltzer tablet
into a zip-top plastic bag with 100 mL water,
then listening to the results and tactilely exploring the formation of carbon dioxide gas
from the reaction between the sodium bicarbonate, citric acid, and water (Chen & Yaung,
2002; Huseth, 1998). The students could hear
the bubbling of the gas being formed and feel
the gas collecting in the plastic bag. This activity audibly and tactilely illustrated the three
phases of matter — solid, liquid, and gas —
and how matter can transform from one phase
to the next.
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Listening to the Iodine Clock Reaction.
In this activity, sodium thiosulfate, potassium iodide, sugar water, and ammonium
peroxydisulfate were mixed together, and
students working in small groups used the
SALS to detect the reaction’s color changes
over several minutes via modulations in the
device’s audible tones. All initial solutions
were pre-mixed and pre-measured into vials
by the instructor, labeled on the lids using
raised dots of glue, and provided to students
by camp counselors. The reaction involved
10 mL of 0.0050M sodium thiosulfate solution and four drops of sugar water being
added to 20 mL of 0.20M potassium iodide
solution, then mixing the result with 20 mL of
0.10M ammonium peroxydisulfate (Wilbraham, Staley, & Matta, 2002, pp. 235-241). A
pie tin for use as a spill tray was distributed
along with each SALS sensor. A Styrofoam
cup was used as the reaction vessel. After the
students mixed the solutions together, each
student immediately inserted a SALS sensor
into the reaction vessel to measure the initial tone, and stored this data in the device’s
memory. With each sensor in the solution
during the following five minutes, the tones
decreased in pitch as the color of the solution
evolved from clear to blue to brownish-black.
When the tone began to change (within two
or three minutes into the reaction), a second
reading was stored. After the full five minutes
of the reaction, a final reading was taken.
The students compared the three tones, and
the results were shared by each group with
the entire class. Most of the students successfully recorded three different tones, audibly
indicating the series of color changes. Thus,
the SALS allowed the students to observe this
chemical reaction through sound.
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The hands-on activities were followed by a
second discussion about the scientific method
and how it can be used to further describe various phenomena. Also discussed was how the
evolution of a gas in the first activity indicated
that a chemical reaction had occurred, and
how the color changes in the second activity
likewise indicated a reaction. The importance
of knowing when a chemical reaction had occurred and how this differed from a simple
physical change in matter was also covered.
The chemistry workshop at Camp Can Do
2010 featured a new set of laboratory activities, including:
Cooling, Freezing, and Melting of Water.
After learning how to connect the temperature probe and familiarizing themselves with
the appropriate keystrokes to hear the sensor
readings, the campers added ice to warm water in a beaker and monitored the temperature drop by listening to the readings while
the software collected the time-and-temperature data. Once the water-ice equilibrium
temperature was reached at nearly 0 degrees
Celsius, table salt was added. With gentle
stirring, the students observed a further drop
in temperature. This observation stimulated
much enthusiasm. Each group tried to get to
the lowest temperature possible. It was explained that the dissolved salt allowed the
water-ice equilibrium temperature to lower,
and that this would cause the freezing of water in a test tube to be placed in the beaker
during the second part of the experiment.
However, with only one temperature probe
available per each of the four lab groups, it
was important to demonstrate the temperature of the ice/water/salt mixture before conducting the freezing point determination. For

the second part of the experiment, the students put the probe in a test tube filled with a
small amount of water (about 5 mL), and the
test tube was placed into the beaker containing the salt water. The students observed the
phase change of the water inside the test tube
from liquid to solid, then from solid back to
liquid after the test tube was removed from
the saltwater bath, while tracking the temperature throughout the entire process. Each
team then examined the data table generated
by the collection software through using the
JAWS keystrokes to provide access.
All scientific activities were preceded by a
talk on safety in the laboratory. The importance of wearing safety goggles when doing
experiments was discussed, and goggles were
provided to all the students. This issue is as
pertinent to students with visual impairments
as it is to sighted students because chemical splashes in the eyes can still cause pain,
impair any residual vision, and potentially
damage prosthetic eyes. Proper dress was
discussed, including wearing long pants and
appropriate shoes. Additionally, emergency
exit procedures were explained.
PROBLEM SOLVING FOSTERS
INDEPENDENCE
Through introduction to ILAB’s innovative
technological and pedagogical research and
development, the youth of the Caribbean with
BLV have been exposed to the most current
access technologies available for the laboratory sciences. The participants attended these
camps with the expectation of learning more
about themselves and how they could use access technologies to more fully engage with
the world around them. The multisensory
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learning activities were designed as a series of
confidence-building experiences to hopefully
empower these students to seek more opportunities to participate both in STEM classes
and in society in general, toward the goal of
full inclusion in education, employment, and
civic involvement.
The participants were asked how using the scientific method in everyday life could help persons with visual impairments become more
independent. The group determined that their
new observational skills, along with having access to assistive technologies, could allow persons with BLV to problem solve through various scenarios. In the end, all participants stated
that they were able to relate the chemistry
workshop experiences to aspects of their everyday lives at home and in school. They indicated
they had come to understand that learning effective problem-solving skills and how to accurately observe phenomena in the laboratory
were conducive to their personal independence
as well as to their academic success.
Persons with BLV must use alternative means
to collect information about their environment
for everyday tasks such as getting from point A
to point B independently, accessing the printed
word, counting money, cooking, and innumerable other daily challenges. In fact, all persons
with disabilities, not just those with blindness,
must learn to become proficient in problem
solving past their physical limitations. Doing
so is essential to developing independence.
The scientific method is a form of problem
solving, and exploring scientific questions is
valuable practice. It is the authors’ belief that
the skills learned by young students in the laboratory during such practice can be transferred
to their everyday lives.
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Science Camps for Kids with Blindness or
Low Vision
Several other educational science camps exist in North America for students with visual
impairments. Among them are:
• Science Academy and Junior Science
Academy, offered by the National Federation of the Blind (www.blindscience.
org/ncbys/Science_Academy.asp).
• Youth Slam*, offered in odd-numbered years by the National Federation
of the Blind, for high school students
(www.blindscience.org/ncbys/Youth_
Slam_20111.asp).
• Space Camp for Interested Visually
Impaired Students, offered by the
Texas School for the Blind and Visually
Impaired, with separate programs for
children in grades 4-6, 7-12, and 10-12.
Held in Huntsville, Alabama, and open to
participants from across the U.S. (www.
tsbvi.edu/space).
*Supalo has served as chemistry curriculum
coordinator and/or instructor for Youth Slam
since 2007 (Supalo et al., 2009).
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