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Signing Math and Science
“An ecosystem has living and nonliving things. I did not 

know that before.” “I found out evolution and change are 
almost the same.”

Are these students talking about what they learned from 
reading their science textbook, watching a video or taking a 
field trip? No, they are describing what they learned from the 
SigningAvatar® characters, the 3-D figures who appear in the 
Signing Math & Science dictionaries. 

Developed by TERC and Vcom3D, the series of nine stan-
dards-based signing dictionaries offers K-12 students who are 
deaf or hard of hearing increased access to science and math 
content. Available as app and Web versions, they are: 

K-4:  Signing Science Picture Dictionary (SSP) 
 Signing Math Picture Dictionary (SMP)

5-8:  Signing Science Dictionary (SSD)
 Signing Math Dictionary (SMD)

9-12: Signing Earth Science Dictionary (SESD)
 Signing Life Science Dictionary SLSD)
 Diccionario de Señas de Ciencias de la Vida (DSCV)
 Signing Physical Science Dictionary (SPSD)
 Diccionario de Señas de Ciencia Física (DSCF)

WHAT LEARNING CHALLENGES DO DEAF AND HARD 
OF HEARING STUDENTS FACE?  

Approximately 76,600 students in grades K-12 who are 
deaf or hard of hearing require services under the Individuals 
with Disabilities Education Act (U.S. Department of Education 
2012). Although not necessarily considered “print disabled,” 
those who acquire and use sign language to communicate 
tend to internalize a linguistic structure that differs greatly 
from English (Rose & Meyer 2006; Stillman 2007). This results 

technology integration
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in substantial literacy limitations that 
lead to the majority of students who are 
deaf leaving high school with reading 
levels at the fifth grade or below. In fact, 
the English vocabulary of the average 
15-year-old student who is deaf is about 
the size of that of a 9-year-old child who 
is hearing and will not improve signifi-
cantly (Karchmer & Mitchell 2006). 

For these students, mastering stan-
dards-based science and math content 
is a considerable challenge. They often 
do not know the signs for terms encoun-
tered or, if they can mimic the sign, they 
do not understand its meaning. These 
obstacles become more problematic 
as the technical and abstract nature of 
the vocabulary increases with the study 
of more advanced topics (Solomon, 
Graham, Marchut & Painter 2013). Even if 
it were economically feasible, providing 
an interpreter for each student would 
not fully solve the problem. Many inter-
preters lack adequate preparation in 
STEM, and few are certified to teach 
science or math (Marschark, Lang, & 
Albertini 2002). Interpreters also may 
use signs that are conceptually inaccu-
rate (Kurz 2005). This situation is in sharp 
contrast to the goal of science and math 
learning for all students - a fundamental 
principle underlying the Next Generation 
Science Standards (NGSS Lead States 
2013) and the Common Core State Stan-
dards for Mathematics (National Gover-
nors Association Center for Best Practices 
2010).

HOW DO THE SIGNING 
DICTIONARIES WORK?

The idea of signing science or math 
is simple, the reality effective and 
engaging. Students go to a Web page 
or open an app, identify a term and click 
an American Sign Language (ASL) or 
SE (Signed English) icon at the end of a 
term or text block. Upon request, one 
of several characters selected from the 
names in a pull-down list signs the term 
or definition. What the character signs 
depends on the student’s request. 

With a click or a swipe, students can 
link to terms within definitions or to 
terms in other dictionaries in the series. 
They can zoom in or out and rotate the 
3-D avatar character to give the best 
vantage point for every sign, change the 
background color by selecting a color 
from a palette to maximize viewing 
opportunities, open a picture that illus-
trates and conveys the meaning of the 
term, and speed up or slow down the 
signing. If they wish and are able, they 
can listen to audio recordings of the 
text rather than watch the avatar sign. 
One teacher speaks for many when she 
says, “My students just love the avatar 
characters. They can sign one word or a 
sentence a thousand times over if they 
want, select the terms they want to know 
and use the features they need - and all 
independently without having me there 
to sign for them. This frees up my time to 
focus on content and makes learning for 
everyone really fun!” 

WHAT DO FIELD-TEST DATA SHOW 
ABOUT CHANGES IN VOCABULARY 
AND CONTENT KNOWLEDGE?

A field test was conducted during 
development of each of the signing 

dictionaries. The tests incorporated a 
pre/post design in which the outcome 
of interest was measured for participants 
only. Findings addressed learning related 
to vocabulary knowledge as demon-
strated by changes in students’ ability to 
recognize the English text version of a 

Figure 1: An SLSD Web page with Shaylin signing the term “cell.” 

Figure 2: An SMD iPod page with Pedro signing 
the term “division sign.”
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term; to sign/fingerspell and/or voice the 
term; and to use the term in a sentence. 
Findings addressed learning related to 
content knowledge as demonstrated by 
students’ ability to define or explain the 
meaning of a term. 

The test procedure involved installing 
the dictionary in selected classrooms at 
the intended grade levels with students 
who were deaf or hard of hearing, who 
had a range of hearing loss and who 
varied in reading level and academic 
performance with respect to grade level. 
Some attended specialized schools for 
the deaf. Others were mainstreamed in 
public school programs. Prior to the start 
of the field test, teachers were solicited 
from a range of sources that included 
electronic discussion groups, solicita-
tions at conferences and an existing 
database of sites. Selection was based on 
grade level, access to the requisite tech-
nology, content focus and school setting 
- specialized or mainstreamed. 

The intent of the test was to examine 
effectiveness of the dictionary under 
normal-use conditions. Each teacher 
designated at least one science or math 
unit that was part of the curriculum to 
be taught using the signing dictionary. 
Each teacher also identified 5-10 terms 
that were important for developing an 

understanding of the content that was 
the focus of the unit. All terms selected 
had to be in the dictionary. Using a 
vocabulary-assessment form, teachers 
then assessed each of their students’ pre- 
and post-use ability to recognize each 
term, sign/fingerspell and/or voice each 
term; use each term in a sentence; and 
explain its meaning and/or define it. 

The pre/post-use change in the class’s 
ability to recognize the English text 
versions; to sign/fingerspell and/or voice 
terms; and to use terms in a sentence 
was calculated as the mean pre- to post-
use change for the number of positive 
(yes) responses out of the total possible. 
For example, if the teacher had identi-
fied five terms to use for assessment of 
students’ vocabulary knowledge and 
the number of students in the class was 
12, there was a possibility of 60 correct 
responses (5 terms x 12 students). 
Adding the pre-assessment scores for 
each student together and dividing by 
60 gave the mean pre-ability for the 
class (41/60 = 68%). Adding the post-
assessment scores for each student 
together and dividing by 60 gave the 
mean post-ability for the class (59/60 = 
98%). Subtracting the mean post-ability 
from the mean pre-ability rendered the 
pre-to-post change (18/60 = +30%). 

Using this methodology, for each signing 
dictionary and for each assessment 
parameter, the mean pre-to-post change, 
when calculated for the class, ranged 
from approximately 15% at the low end 
to approximately 90% at the high end, 
with the majority of groups clustered 
near 50%. These results indicate that use 
of a signing dictionary has the potential 
to contribute to increasing the math and 

Figure 3: Four of the SigningAvatar® characters.
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science vocabulary of students in grades 
K-12 who are deaf or hard of hearing. 

For the pre/post-unit change in 
students’ ability to explain the meanings 
and/or definitions of terms, information 
was provided as the average score for 
the class out of a possible 3. A score of 
3 represented accurate and complete 
ability to explain the terms’ meanings/
definitions. A score of 0 represented no 
answer. A score of 1 represented famil-
iarity with the terms but no knowledge 
of their meanings/definitions. A score of 
2 represented incomplete knowledge of 
the meanings/definitions. For example, 
if the mean pre-ability of the class of 12 
students to explain and/or define defi-
nitions was 0.6 out of 3 and their mean 
post-ability was 2.6, the mean pre-to-
post change was 2.0 out of 3, or +67%. 
Using this methodology, for each signing 
dictionary, the mean pre- to post-use 
change, when calculated for the class, 
ranged from approximately 5% at the 
low end to approximately 80% at the 
high end, with the majority of groups 
clustered near 25%. Older students 
(grades 7-12) exhibited greater change 
with respect to this parameter than 
younger students did. These results indi-
cate that use of a signing dictionary has 
the potential to contribute to increasing 
the math and science content knowl-
edge of students in grades K-12 who are 
deaf or hard of hearing. 

To examine field-test data for each 
dictionary in more depth, please go 
to the TERC publications site at http://
signsci.terc.edu/publications/index.html

WHAT DO TEACHERS REPORT?

Teachers who have used all or some 
of the signing dictionaries describe 
content- and vocabulary-related gains 
and increase in their students’ ability to 
work independently. One teacher writes, 
“With the definitions presented in ASL 
and SE, they see the information in their 
first language and are also exposed to 
English. I know they are learning the 

concepts because the discussions go into 
depth. They are better able to explain 
meanings and use the correct sign. This 
also helps with language development.” 
Another teacher writes, “My students 
struggle to demonstrate their content 
knowledge, but the dictionaries do 
help them try instead of giving up.” 
Still another teacher says, “Students no 
longer have to rely solely on the teacher 
to get vocabulary information. They can 
replay the signing avatar or reread the 
definition a hundred times if they want 
and work at their own speed. I don’t 
have to explain vocabulary over and 
over again. It puts the responsibility for 
learning on the students’ shoulders and 
gives them an avenue for independently 
trying to understand new concepts. 
Because they love using the dictionaries, 
they DO use them.” 

As an added benefit, the addition of 
signing appears to positively affect the 
ability of teachers to convey content for 
their students who are deaf or hard of 
hearing. One teacher comments, “Using 
the dictionaries as a preview of material 
makes the actual teaching of the content 
faster and smoother. They also free me 
up to work on clarifying questions rather 
than just interpreting material.”  Another 
teacher says, “I look up all of the words 
and meanings myself before I teach a 
unit. This helps me check the accuracy 
of the math and science signs I’m using. 
If there is vocabulary I’m not sure of, I 
check with an avatar. Too many teachers, 
especially for science and math, ‘invent’ 
signs or use an incorrect sign for the 
concept being introduced. The diction-
aries can help standardize the signs we 
use within and across grades.”

HOW DO WE OBTAIN THE SIGNING 
MATH & SCIENCE DICTIONARIES?

TERC and Vcom3D are the developers 
and publishers of the Signing Math & 
Science Dictionary series. Web-based 
versions are available from TERC as free 
downloads at http://signsci.terc.edu/. To 

see the avatar characters sign requires 
installation of the SigningAvatar® plug-
in. The plug-in is available from TERC as a 
free download at http://signsci.terc.edu/
plugin_installer.html. The Web versions 
require a Windows Operating System 
and Internet Explorer 6.0 or higher. 
Macintosh users must have VM Ware or 
Parallels installed to see the avatar sign.

App versions are available from 
Vcom3D at http://www.signingapp.
com/index_desktop.html. This site offers 
free downloads of Teacher’s Guides 
and introductory activities and links to 
iTunes, where the apps are available for 
purchase at $14.99 each.

Three of the Signing Math & Science 
dictionaries were supported in part 
by grants from the U.S. Department of 
Education: SSP (H327A080040), SMP 
(H327A100074) and SSD (H327A060026). 
Six of the dictionaries were supported in 
part by grants from the National Science 
Foundation: SSD (HRD-0533057), SESD 
(GEO-0913675), SLSD, DSCV, SLSP and 
DSCF (DRL-1019542). All opinions, find-
ings, conclusions and recommendations 
expressed herein are those of the author 
and do not necessarily reflect the views 
of the funders. 
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CLOSING THE GAP CAN HELP! 

Do you need to earn contact hours 
and document your learning?

 ◆ Subscribe to Closing The 
Gap Solutions  
documented learning options 
include:

• Certificate of Contact Hours

 ◆ Participate in a live webinar  
documented learning options 
include:

• Certificate of Contact Hours
• IACET CEUs

 ◆ Attend the Conference  
documented learning options 
include:

• Certificate of Attendance for 
contact hours

• IACET CEUs
• Graduate level academic credit
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