
Judy Vesel is passionate about science education 
and creating new ways of learning for those with 
disabilities. Here, she discusses her latest project 
which investigates how technologies such as iPod 
apps can further the educational experiences of the 
deaf and hard of hearing during museum visits

What are the key goals of the Handheld 
Signing Math & Science Dictionaries for 
Deaf and Hard of Hearing Museum Visitors 
Research Project?

The primary objectives of the project are 
twofold: first, to study how family and 
school visitors integrate iPod Touch versions 
of the Signing Science Pictionary (SSP), 
Signing Science Dictionary (SSD) and Signing 
Math Dictionary (SMD) into their museum 
experience. Second, to study the impact 
of the dictionaries on what deaf or hard of 
hearing museum visitors are able to learn 
from the exhibits.

How was the partnership created 
between Technical Education Research 
Centers (TERC) and the Boston Museum 
of Science (MoS)?

The MoS is a Massachusetts landmark and an 
internationally-recognised leader in the area 
of the inclusion of people with disabilities in 
museum learning. Its mission is to stimulate 
interest in and further understanding of 
science and technology and their importance 
for individuals and society. Founded in 1965, 
TERC is a non-profit R&D organisation 
based in Cambridge, Massachusetts in 
close proximity to the MoS. Over the years, 
TERC and the MoS have collaborated in the 
R&D of exhibits as well as the planning and 
hosting of conferences. This latest project is 
an extension of that work.

What are the practical applications of this 
project’s findings?

This is a research project. Therefore we 
have no control over how or if our findings 

might be used. That said, it might be the 
case that other museums build on what 
we have learned and explore the use 
of signing dictionaries to create more 
inclusive experiences for their visitors. In 
particular, the data from both family and 
student visitors to MoS exhibits strongly 
suggest that when a word list is affixed 
to a display the visitors are more likely to 
use their dictionaries to look up the terms 
and definitions and to discuss the content 
with their companions. If an informal 
science-learning venue decided to make 
the dictionaries available to the deaf and 
hard of hearing, the learning value would be 
enhanced substantially if word lists of key 
terms were attached to each display.

To what extent do you expect 
technological innovations to provide more 
open educational learning platforms?

Development of the dictionaries began a 
little more than a decade ago. They were 
originally conceptualised as innovations that 
would be Web-delivered. With advances in 
mobile technology, it became possible to 
deliver apps for use with iPods, iPads and 
the like. With recent advances in Android 
technology, Vcom3D has integrated the 
terms and definitions that are the focus of 
this project into a Mobile Communications 
App (MCA). This app enables the inputting of 
text that is returned as sign or voice and the 
inputting of sign or voice that is returned as 
sign. This technology enables back and forth 
communication between individuals who are 
hearing with those who are deaf or hard of 
hearing and vice versa. This is the technology 
that is being tested at the MoS with in-
service volunteers.

In what ways has the support of the National 
Science Foundation (NSF) aided the project?

As a non-profit R&D organisation, TERC would 
not have been able to develop the dictionaries 
or to conduct this or any other research about 
their effectiveness in formal and informal 
settings without funding from the NSF and the 
US Department of Education.

How do you disseminate your findings to 
the appropriate audiences?

We have presented our findings at conferences 
such as national meetings of the American 
Alliance of Museums, Houston, Texas and 
the Association of Science and Technology 
Centers, Columbus, Ohio. We have featured 
the study at TERC booths for the National 
Science Teachers Association, National Council 
of Teachers of Mathematics and Closing the 
Gap. We will continue to disseminate through 
these and similar channels and also submit at 
least one article to a peer-reviewed journal.

Do you collaborate with other projects in 
the course of your investigations? 

We collaborate with Vcom3D, as well as 
Bridge Multimedia, a content-services provider 
in New York City, to carry out all of the human 
voice narrations included in the dictionaries. 
These collaborations are essential for creating 
quality products that are state-of-the-art. 

On a related note, we are always in need of 
sites to help us test and review our materials. 
We are also continually looking to forge new 
relationships with collaborators interested in 
helping us formulate additional directions 
of R&D.

Inclusive 
museums 
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Signing avatars
Researchers at the Technical Education Research Centers, Cambridge, 

Massachusetts are investigating the benefits of signing apps run on 
mobile devices for visitors to the Museum of Science, Boston

DESPITE THERE BEING a strong relationship 
between age and reported hearing loss, up to three 
out of every 1,000 children are born deaf or hard of 
hearing in the US, according to the US Department 
of Health. Nine out of 10 of these children are 
born to parents who can hear. This has serious 
implications for the families of deaf and hard of 
hearing children and also for their knowledge 
acquisition in an educational environment. 

Recent technological developments, especially in 
the field of signing applications that can be run on 
handheld devices such as iPads, have opened up 
new opportunities to help these children, both in 
terms of general communication and knowledge 
acquisition in the areas of STEM.  

MUSEUM VISITS

Interested in how technologies can advance 
learning opportunities in STEM for the hearing 
impaired, Judy Vesel is leading The Handheld 
Signing Math and Science Dictionaries for Deaf and 
Hard of Hearing Museum Visitors Research Project. 
Based at Technical Education Research Centers 
(TERC), Cambridge, Massachusetts, Vesel’s team 
collaborates with the nearby Museum of Science 
(MoS), Boston and software developer Vcom3D.

Building on the experience gained in a pilot test in 
2011, TERC the MoS carried out a field test from 
January-March 2013 with the aim of collecting data 
to answer three primary research questions. First, 
how do visitors aged five to 12+ who are deaf or 
hard of hearing integrate handheld dictionaries into 
their museum learning experience during family 
visits? Second, how do visitors in grades K-8+ who 
are deaf or hard of hearing integrate handheld 
dictionaries into their museum learning experience 
during school visits? Third, what kinds of science 
and maths learning are made possible with use of 
the dictionaries in terms of content knowledge, 
engagement, involvement and interest?

In addressing these questions, Vesel and her team 
set out to determine the extent to which iPods 
running signing apps could be integrated into a 
museum context and help visitors who are deaf or 
hard of hearing to improve their science knowledge. 
It was hoped these handheld dictionaries would 

help children to engage in the museum experience 
independently and increase their involvement and 
interest in the science content of the displays.

SCIENCE IN THE PARK

The TERC team chose two MoS exhibitions as 
the setting for their field test: ‘Science in the 
Park’ invites visitors to use familiar objects such 
as playground equipment and bicycle parts to 
investigate the forces that set things in motion, 
cause them to stop, or hold them in place, while 
the ‘Take a Closer Look’ exhibit encourages visitors 
to use their senses to observe and perceive a range 
of phenomena. 

These exhibitions were selected for their focus on 
visual learning and the use of text that is simple, 
clear and concise. The researchers also considered 
these exhibitions to provide features that would 
allow opportunities to study the use of the 
dictionaries by visitors of various ages, with different 
levels of hearing loss, and a range of reading abilities 
and STEM knowledge. ‘Science in the Park’ has a 
variety of activities suitable for families with both 
younger and older children, while ‘Take a Closer 
Look’ includes topics and presentation methods 
that are more appropriate for older children. 

MOBILE APPS

Using SigningAvatar® software from Vcom3D, TERC 
developed three signing apps to help the deaf and 
hard of hearing: the Signing Science Pictionary 
(SSP); the Signing Science Dictionary (SSD); and 
the Signing Math Dictionary (SMD). Each dictionary 
incorporates more than 700 standards-based 
science and maths terms. SSP is aimed at children 
aged five to eight, while the SSD and SMD apps 
target children aged nine to 12. Although Vesel 
originally envisaged the signing dictionaries to be 
available over the Web, the latest innovations in 
mobile communications technology mean these 
apps can now be loaded onto devices such as the 
iPod, making them more portable and versatile. 

The dictionaries were developed following the 
concepts of Universal Design for Learning of David 
Rose and others. This means that information is 
presented in multiple ways such as text, signing, 

static images and human narration, which allows 
the learner to select the method of presentation 
that best suits the way he/she learns. 

Each dictionary uses animated 3D avatar characters 
that communicate using either American Sign 
Language or word-for-word translations such as 
Signed English. The user can choose from a group 
of avatars of different ethnicities and genders. The 
signing speed of the avatar can be adjusted, while 
the avatar itself can be rotated for clearer viewing. 
Text size can likewise be manipulated for ultimate 
clarity. Most terms in the dictionaries are also 
accompanied by an illustration. 

WORD LISTS

Vesel and her team learned from the pilot test that 
word lists attached to exhibits allowed visitors to 
immediately identify key terms that were important 
for undertaking the activity and for understanding 
the underlying science content. Thus word lists were 
included as a primary component of the field test 
protocols for both family and school groups. The 
word lists also carried a three-letter abbreviation (ie. 
SSP, SSD, SMD) to denote the dictionary in which 
the term could be found. 

During the project, MoS visitors with different 
levels of hearing loss used the TERC team’s iPod 
dictionaries to learn the signs and definitions for 
terms they discovered through the museum’s 
exhibits. It was observed that these participants 
spontaneously discussed the science content 
being demonstrated by the displays, with similar 
behaviour shown among both family members 

A family using the signing apps during a museum visit.
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Signing math and science dictionary apps with 
Interactive UDL features.

and formally organised school groups. “The 
data strongly support the assertion that these 
dictionaries are valuable learning tools for science 
museum visitors who are deaf or hard of hearing,” 
explains Vesel.

POSITIVE FEEDBACK

The TERC team recently released a fourth app, this 
time providing a Signing Math Pictionary (SMP), 
while advances in technology will allow Vcom3D 
to develop avatars with facial expressions and 
body language that more closely resemble those 
of human signers. Vesel expects these advances 
to be incorporated into future versions of the 
dictionary apps.

Vesel and her group also intend to conduct a baseline 
sub-study into the characteristics of exhibits that 
facilitate or hinder inclusion for visitors who are 
deaf or hard of hearing. The study will expand upon 
existing concepts of inclusion in informal learning 
environments. “In this way,” elucidates Vesel, “the 
MoS team hopes to identify ways in which exhibit 
design can be improved through the use of assistive 
technologies such as signing dictionaries.”

Of the teachers surveyed after visiting the MoS, 
90 per cent saw the handheld dictionaries as 
a valuable resource that complemented and 
enriched the visit for their deaf and hard of 
hearing students. But perhaps the most rewarding 
feedback came from the children themselves. 
In the post-visit survey, one young visitor 
commented: “I learned how to use the dictionary 
when I saw a word that I didn’t understand. It was 
very helpful. I wish I could have stayed longer and 
learned more”. This surely validates the work of 
Vesel and her research partners at the MoS and 
Vcom3D in their ongoing efforts to improve the 
maths and science learning experience of deaf and 
hard of hearing children in the US.

THE HANDHELD SIGNING MATH & 
SCIENCE DICTIONARIES FOR DEAF AND 
HARD OF HEARING MUSEUM VISITORS 
RESEARCH PROJECT

OBJECTIVES

To investigate the impact of the dictionaries 
delivered from the iPod Touch  as a technology 
platform for deaf and hard of hearing children 
to use when attending exhibits in museums.
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Museum of Science (MoS), Boston, 
Massachusetts 

Vcom3D, Orlando, Florida

Bridge Multimedia, New York City, New York

FUNDING

National Science Foundation (NSF) – 
award no. 1008546 

CONTACT

Judy Vesel  
Principal Investigator 

Technical Education Research Centers (TERC) 
2067 Massachusetts Avenue 
Cambridge  
Massachusetts 02140  
USA

T +1 617 873 9600 
E judy_vesel@terc.edu

JUDY VESEL is Principal Investigator at TERC. 
She has degrees in Biology, Linguistics and 
Education. She was the Principal Investigator 
for the ‘Leveraging Learning’ and ‘Science for 
Today and Tomorrow’ projects, both funded 
by NSF. She is also the Principal Investigator 
for a body of work referred to as ‘Signing 
Math & Science’– funded by NSF and the US 
Department of Education. Her experience as 
an educator and administrator extends from 
the primary grades through high school. She 
also leads two other bodies of work each of 
which focus on making content accessible 
to learners with disabilities. One of these 
involves development of a Web-based tool 
that enables teachers of learners on the autism 
spectrum to individualise text-based materials. 
Another involves research related to a stand-
alone device that uses LED light technology 
and incorporates Web-based materials to 
offer blind and visually impaired learners 
opportunities to learn core-based mathematics 
and English Language Arts content or skills 
included in the Expanded Core Curriculum. 

Locating a word list term in the 
Signing Math Dictionary.
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