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Project Description 
The evaluation findings reported here focus on Web and iPod versions of the Signing 

Math Picture Dictionary (SMP). TERC and Vcom3D developed the SMP, with funding from 
the U.S. Department of Education (Grant #H327A100074). Incorporating the principles of 
Universal Design, the SMP is a complete assistive tool that is intended to serve the 
approximately 25,000 students in grades K-4 who are deaf and hard of hearing and use sign 
for communication. An animated interactive viewer—the SignSmith® player—allows users to 
select from a range of Avatar characters with different personalities and facial expressions; to 
adjust the speed of signing; to sign a selected word, its definition, or part of speech in 
American Sign Language (ASL) or as a word-for-word translation (Signed English [SE]); and 
to listen to human voice narrations of the term or definition. 

Evaluation Goals 
The evaluation had two goals. One goal was to begin to assess the degree to which 

students who used the Web-based version of the SMP to perform activities related to a standards-
based math unit in place in their school develop knowledge of the unit’s key vocabulary. Anther 
goal was to conduct a study of a mobile iPod version of the Signing Math Picture Dictionary for 
usability prior to its integration into the existing set of Signing Math & Science Apps 
(http://www.signingapp.com/index_desktop.html). 

Research Design 
The evaluation was divided into two parts. Part I focused on the Web-based version 

(SMP). Part II focused on the mobile version (MSMP). The research design for both parts built 
on the methodology TERC has established for similar studies. The evaluation was coordinated 
by TERC and conducted by teachers solicited from a pool of teachers of students in grades K-5 
who are deaf and hard of hearing with a range of hearing loss. The pool included teachers who 
taught in specialized schools for the deaf and in classrooms in which students were included with 
hearing students. 

Part I: Evaluation of the Web-based SMP 
A mixed measurement pre- post design was implemented with students in the elementary 

and upper elementary grades. The design combined quantitative and qualitative methods in 
which the outcome of interest was measured for participants only to ascertain the types of 
learning gains that are possible with use of the SMP. Learning outcomes were demonstrated by 
changes in students’ mastery of key vocabulary for the unit of study as indicated by pre- and 
post-unit questions related to students’ ability to sign/fingerspell, understand, and use the terms 
identified as important for mastering the unit content. Qualitative feedback were supplied via 
written post-unit teacher and student surveys and analyzed to discern: (a) what teachers and 
students gained over the course of using the SMP; (b) their thoughts about usability and 
feasibility; and (c) what they liked and disliked about the SMP. 

The research procedure for the field test involved placing the SMP in the designated 
classroom context with students who are deaf and hard of hearing at the intended grade levels. 
Research studies extended over the course of approximately 18 months from January 2012 
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through March 2013. The intent of the field test was to examine effectiveness of the SMP under 
normal use conditions. To this end, each teacher identified at least one math unit to use for data 
collection. Pre- and post unit vocabulary lists, questionnaires, and scoring criteria were then 
developed by the teachers in collaboration with TERC. Teachers and students were given 
opportunities to provide qualitative and quantitative feedback through post-use surveys. Teachers 
also tracked and rated each student’s ability to work independently for a two-week period while 
using the SMP as High (3), Medium (2), or Low (1). Survey data provided additional 
information about use of the SMD and independence. The pre- and post unit vocabulary and 
content questionnaires and teacher and student post-use surveys are described below. 

 
Student Pre- and Post Unit Vocabulary Questionnaire: A Pre-unit Vocabulary 

Questionnaire, which is identical to the Post-unit Vocabulary Questionnaire, was administered to 
obtain a baseline assessment of students’ initial knowledge of their ability to sign/fingerspell, 
understand the meaning of, and use those terms that are important for developing ideas related to 
the unit content. Comparison of the scores on each questionnaire was used to ascertain changes 
in students’ knowledge of the vocabulary.  

To develop the questionnaires, teachers completed a Pre-Teaching Survey in which they 
listed the key mathematics terms students should know before and after doing the unit activities. 
They then communicated with TERC to share and refine the methods to be used to identify 
students’ knowledge of these terms. Before doing the unit, teachers met one-on-one with each 
student to identify those terms the student could sign or fingerspell, recognize, and accurately 
describe the meaning of and/or use when solving a problem. At the end of the unit, teachers 
repeated the process. Scores for each student were reported to TERC.  
 

Post-unit Teacher Survey: Completed after the unit, the Post-unit Teacher Survey asks 
teachers for feedback about their experiences using the SMP. The text of the survey follows.  

 
1. How would you rate students’ ability to find information in the SMP? 
very easy 
fairly easy 
possible with a little trial and error 
somewhat difficult 
impossible 
 
2. How would you rate the SMP as a resource that complements and enriches instruction? 
Very Valuable 
Valuable 
Neutral 
Hardly Valuable 
Not at All Valuable 

 
3. When did your students use the SMP? 
With a math activity 
For subjects other than math 
For homework or research 
Other (please specify) 
 
4. How did your students use the SMP? 
Learn the definition of a word 
Learn how to sign a word  
Learn a part of speech 
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Communicate the content being studied 
Do homework 
Other (please specify) 
5. Do you think using the SMP improved students’ self esteem and/or self-confidence? 
Yes 
No 
If yes, give an example. 
 
6.  Do you think using the SMP changed students’ attitude toward math? 
Yes 
No 
If yes, give an example. 
 
7. How did you embed student use of the SMP into activities (pre-, during, at the end) and homework?  
8. Did using the SMP help you accommodate different usages and learning styles? If yes, give an example. 
9. Did using the SMP help you meet mandated curriculum frameworks? If yes, give an example. 
10. Describe the value the SMP adds to teaching and learning. 
11. What do you like about the SMP? What do you dislike?  

 
Post-unit Student Survey: Completed after the unit, the Post-unit Student Survey asks 

students for feedback about their experiences in using the SMP. The text of the survey follows. 
 
 1. How easy was it to find information in the SMP? 

Very easy 
Fairly easy 
Possible with a little trial and error 
Somewhat difficult 
Impossible 
 
2. How did you use the SMP? 
Learn the definition of a word 
Learn how to sign a word  
Learn a part of speech 
See how things look 
Tell what I know 
Help me ask questions 
Do homework 
 
3. Why were you unable to find what you were looking for? 
It was not there. 
It was hard to find so I gave up. 
 
4. Tell us how you found information in the SMP? 
5. Tell us what you like about the SMP? What do you dislike? 
 
 

Demographics 
The evaluation study included a sample of 26 students distributed among 4 treatment 

groups representing grades 2, 4 and 5. A summary of demographic information about the 
treatment groups and about students’ levels of hearing loss and academic ability gathered from a 
Site Data Form submitted by each teacher before beginning the study is presented in Table 1 on 
the next page. In support of TERC’s policies for working with human subjects, identifiers have 
been removed to ensure confidentiality of the participants.  
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Table 1: Treatment Groups 
Treatment 
Group* 

N Region Setting Classroom 
Type 

Hearing Loss 
Level 

Academic 
Ability 

Group 2-I 
 
 
 
 
 
Group 2-II 
 
 
Group 4-I 
 
 
 
Group 5-I 
 

12 
 
 
 
 
 
3 
 
 
3 
 
 
 
8 
 

Southeast 
 
 
 
 
 
Northeast 
 
 
Northeast 
 
 
 
Southeast 
 

Suburban 
 
 
 
 
 
Suburban 
 
 
Suburban 
 
 
 
Urban 
 

Inclusion  
 
 
 
 
 
Specialized 
 
 
Specialized 
 
 
 
Specialized 
 

2 Moderate; 2 
Moderate-Severe; 
4 Severe; 2 
Profound; 2 
Cochlear Implant 
 
 Profound 
 
 
1 Severe; 2 
Profound 
 
 
3 Severe; 2 
Profound; 4 
Cochlear Implant 

Below Grade 
Level 
 
 
 
 
Below Grade 
Level 
 
Below Grade 
Level 
 
 
Below Grade 
Level 
 

*- The Group Number identifies the grade. The Roman numeral identifies the class in cases 
where there is more than one class per grade. 

 
 

Unit Topics 
 As mentioned, the intent was to begin to examine the potential value the SMP adds to 
mathematics teaching and learning when implemented in “real use” conditions. As such, teachers 
selected one of the units that they ordinarily teach for use with the SMP. The unit topics for each 
treatment group follow.  
 

• Group 2-I  — Word Problems Involving Addition & Subtraction 
• Group 2-II — Addition and Subtraction, Interpreting a graph, Probability 
• Group 4-I  — Fractions 
• Group 5-I  — Ratios 
 
 

Findings 
As previously specified, student and teacher data were collected over the course of the 

study. Findings about use of the SMP and degree of mastery of the vocabulary and students’ 
ability to use the SMP independently are reported in the following pages. 
 

Vocabulary Knowledge: Each group with an N greater than 1 had significantly improved 
post-unit vocabulary scores compared to their pre-unit results as tested by a paired t-test. For the 
paired t-test, a p level of ≤.05 indicates a treatment affect occurred (post-use scores are 
significantly higher than pre-use scores). Thus, each group’s ability to sign and communicate the 
key vocabulary for the unit increased significantly with use of the SMP, on average. Table 2, on 
the next page, provides evidence of these trends.  
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Table 2: Pre-/Post-unit Change in Vocabulary Knowledge 
 

 
 
 

Ability to Use the SMP: As previously specified, teachers provided information about 
students’ ability to work independently while using the SMP. They rated each student’s ability 
during the period of use as 1: Low — Able to complete activities and homework with much 
assistance; 2: Medium — Able to complete activities and homework with some assistance; 3: 
High — Able to complete activities and homework with little to no assistance. As shown in 
Table 3 on the next page, ~75% of students were able to complete activities and homework 
independently or with some assistance. Approximately 25% required considerable assistance. 
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Table 3: Ability to Use the SMP Independently 

 
 

 
 

Overall Findings: Results of the evaluation, summarized in Table 4, indicate that the 
SMP may have the potential to serve as a bridge to help fill the language gap many elementary 
and upper elementary grade students who are deaf and hard of hearing experience in doing 
mathematics.  
 
 
Table 4: Summary of Findings 
Treatment Group  Change in Ability to 

Sign/Fingerspell Terms 
Change in Ability to 
Define/Use Terms 

Change in Ability to 
Understand Terms 

Group 2-I +9% +77%  +50% 
Group 2-II +24% +27% +37% 
Group 4-I +60% +80% +67% 

Group 5-I +75% +11% +95% 
 

 
Post-use Teacher Feedback: As previously specified, teachers provided feedback via 

post-use surveys about their experiences with the SMP. The following summarizes their written 
responses to this inquiry (N=2). 
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1. How would you rate students’ ability to find information in the SMP? 
Very easy—2 

 
2. How would you rate the SMP as a resource that complements and enriches instruction? 

Very Valuable—2 
 
3. When did your students use the SMD? 

With a math activity—2; For homework or research—2; For subjects other than math—2; 
Before, during an after a math unit—2 
 

4. How did your students use the SMP? 
Learn the definition of a word—2; Learn to sign a word—2; Learn a part of speech—1; Do 
homework—2; Communicate the content being studied—2  

 
5. Do you think using the SMP improved students’ self esteem and/or self-confidence? 

Yes—2 
 
My students were able to come to the Smartboard and find the sign for words that they did not 
know or locate a sign they did not know so that made them feel proud. 
 
Just the fact that they are interacting with math vocabulary has helped them to be more 
confident when introduced to new material. 

 
6. Do you think using the SMP changed students’ attitude toward math? 

Yes—1; No—1 
 
 They looked forward to using the SMP. I think that if we were to use it for the whole year, it 

might change their attitude toward math. Right now it is more that they want to use the 
dictionary than do math. 

 
7. How did you embed student use of the SMP into activities (pre-, during, at the end) and 

homework?  
 

We used it during mini-lessons when I was using the SmartBoard for math lessons. 
 

The students used the SMP for any new material and throughout the lessons and units.  They 
also used it for homework. 

 
8. Did using the SMP help you accommodate different usages and learning styles?  
 

Yes. I have 5 different learning levels in my class. I had the more advanced students use it 
independently in a more hands-on way than the lower level students who needed one-on one 
guidance. 
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The students that needed the extra support definitely benefitted from being able to go to the 
computer and find a sign for a specific word but where I noticed the most help was for the 
ones who “got it” quickly.  They would explore the related words to find more information. 

 
9. Did using the SMP help you meet mandated curriculum frameworks? If yes, give an example. 
 

Yes. I used it with my math standards. 
 

Yes. TCAP (state test) is very specific on testing ratios with the vocabulary: likely, unlikely, 
impossible, etc. We used it for all of these words and many others in the list. 

 
10. Describe the value the SMP adds to teaching and learning – specifically in the areas of 

comprehending the content, communicating about a topic, and working independently. 
 

It helped ME when I needed to look up signs and definitions. It also helped the students do 
this. 

 
The students are more motivated by the SMP. I am able to get through the barriers quicker 
when I use it. 

 
11. What do you like about the SMP? What do you dislike?  
 

I liked that whenever I needed to look up signs and definitions, I was able to do so for myself 
and for the various students. 

 
I like it all and really enjoy using it.  The one thing is that it was slow at times and would 
freeze occasionally. I suspect the problem was on our end. 

 
 

Post-use Student Feedback: As previously specified, students provided feedback via post-use 
surveys about their experiences with the SMP. The following summarizes their responses to this 
inquiry (N=20). 
 
1. How easy was it to find information in the SMP? 

Very easy—13; Fairly easy—7 
 
2. How did you use the SMP? 

Learn the definition of a word—20; Learn how to sign a word—20; See how things look—4 
 
3. Why were you unable to find what you were looking for? 

 
2 Students reported that when they could not find something, they gave up. 
 
2 Students reported they found everything, but [the program] was sometimes slow to 
respond. 
 



 10 

5 students reported they were able to find everything. 
 
4. Tell us how you found information in the SMP? 
 

20 Students reported that they sometimes typed the letters and sometimes used the 
alphabetical list. 

 
5. Tell us what you like about the SMP. Tell us what you dislike.  

 
I like finding signs.  
 
I liked using pictures to tell what the word means. 
 
I liked it ‘cause it was all easy and it was FUN! 

 
I like using the computer instead of the book dictionary.  
 
I like the avatars and choosing different characters to show me the words.  
 
I like the computer but I want to have an animal signing. That would be cool. 
 
It’s more modern with the computer. 
 
I like using computer to find new things. 
 
COOL! Nothing BAD! 
 
I can learn better this way.  

 
 
Part II: Evaluation of the iPod-based MSMP 

A mixed measurement design that combines quantitative and qualitative methods in 
which the outcome of interest was measured for participants only was used to ascertain usability 
of the interface with a focus on the addition of human voice narration as an interactive feature. 
Outcomes were demonstrated by the ability of teachers and students to perform a series of tasks 
using a subset of ~100 terms to which human voice narration had been added. Feedback about 
likes, dislikes, and recommendations were supplied via separate written teacher and student 
surveys. The surveys also included a section for teachers to provide demographic information 
about their school setting, hearing status, and grade-level of the students that they teach. The 
Appendix includes a list of the terms to which human voice narration had been added and 
examples of the surveys. The list also identifies 10 terms to which mouthing was to have been 
added. Due to limitations of the technology, mouthing could not be integrated for this release. 
However, integration of this feature is under development and will be incorporated into a 
subsequent release. 

The research procedure involved two steps that included: 1) One-on-one use of the 
MSMP with students and teachers who could hear well enough to provide feedback about the 
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narration feature and about its usability. 2) Collection of teachers’ and students’ comments about 
their experiences and recommendations for improvement. Research studies extended over the 
course of approximately two months from February through March 2012. All communication 
about the test between TERC and participating teachers and exchange of information occurred 
via email. 

After receiving iPods with the MSMP installed, teachers and students provided TERC 
with information about usability as follows: They downloaded the iPod User’s Manual and the 
surveys. After using the Manual to become familiar with the MSMP’s interactive features, 
teachers completed the activities and related questions included in their surveys. They then 
helped students complete similar activities and questions included in their surveys. The 
completed surveys were emailed to TERC for analysis. . 
 
 

Demographics 
The evaluation included a sample of 9 teachers and 14 students. A summary of 

demographic information for teachers according to grade level taught is presented in Table 1 and 
for students according to their grade level in Table 2. In support of TERC’s policies for working 
with human subjects, identifiers such as names of the school and teacher or student have been 
removed to ensure the confidentiality of participants. 
 
 
Table 5. Demographic Information of Teachers (N= 9) 
Teacher Number Location Setting Classroom 

Type 
Hearing 
Status 

Grade 
Level 

1 Midwest Urban Inclusion Hearing 2 
2 Southeast Suburban Specialized Hearing 5 
3 Mid-

Atlantic 
Urban Specialized Hearing 1-5 

4 West Suburban Inclusion Hearing 1-5 
5 Northeast Suburban Inclusion Hearing 2 and 5 
6 Midwest Urban Inclusion Hearing 4 and 5 
7 Northeast Urban Specialized Hearing 5-8 
8 Northeast Urban Specialized Hearing K-12 
9 Northeast Urban Specialized Hearing K-12 
 
 
 
Table 6. Demographic Information of Students (N= 14) 
Student 
Number 

Location Setting Classroom 
Type 

Hearing 
Status 

Grade 
Level 

1 Midwest Rural Inclusion Hard of 
Hearing 

1 

2 Midwest Rural Inclusion Hard of 
Hearing 

1 

3 Midwest Suburban Inclusion Cochlear 
Implant 

2 
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4 Midwest Suburban Inclusion Hard of 
Hearing 

2 

5 West Suburban Inclusion Cochlear 
Implant 

4 

6 Midwest Suburban Inclusion Cochlear 
Implant 

5 

7 Midwest Suburban Inclusion Hard of 
Hearing 

5 

8 Southeast Suburban Specialized Cochlear 
Implant 

5 

9 Southeast Suburban Specialized Cochlear 
Implant 

5 

10 Northeast Urban Specialized Hard of 
Hearing 

6 

11 Northeast Urban Specialized Hard of 
Hearing 

4 

12 Northeast Urban Specialized Hard of 
Hearing 

4 

13 Northeast Urban Specialized Hard of 
Hearing 

5 

14 Northeast Urban Specialized Hard of 
Hearing 

5 

 
 

Findings 
Usability Experiences of Teachers: As previously described, teachers used the User’s 

Manual to become familiar with the MSMP’s interactive features and completed the activities 
specified in the Usability Survey for Teachers. They then provided feedback about their 
experiences. These are summarized in Table 7. Their comments follow. 
 
 
 
Table 7. Usability Experiences of Teachers (N=9) 
Terms Selected gather, just after, just before, describe, down, join, 

parallel lines, upside down, midnight, include, less 
than, abbreviate, bundle, quarter past 

Find the Term 9/9=easy/no problem 
View the Picture 9/9=easy/no problem 
Listen to the 
PoS* and Definition 

9/9=easy/no problem 

Did you understand what 
was being said? 

4/9=5** 
3/9=4 
2/9=3 

Would you like to have the 
avatar voice and mouth items 
at the same time? 

9/9=Yes 
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Would you like the avatar to 
sign, mouth and voice items 
at the same time? 

6/9=Yes 
3/9=No 

Would you prefer to see the 
avatar mouthing and signing 
without voice? 

9/9=No 

*- PoS is the abbreviation for Part of Speech 
**- 1=not at all; 2=somewhat; 3=quite well; 4=very well; 5=perfectly 
 
 
What Was Easy? 
• Everything 
• Find the picture. Choose ASL or SE. Select a term from the scrolling alphabetical menu. 
• Accessing a sign in the definition. 
• It’s pretty simple to do everything. 
• Great tool! It would be great for independent center time! 
• Find the picture, view the picture, and listen. 
• It was very helpful to have the ability to see individual words within a definition signed.  
 
 
What Was Hard? 
• Go back to a previous term once I had moved on to search a second or third term with the type 

and search feature.  
• I found it hard to read the text that described the picture.  
• Font size was very small.  
• It took me a while to remember to use the “2 finger slide” to enlarge the text and picture. When 

it was big enough to read, the sentence and picture ran off the screen. 
• I did not realize at first that the grammar help “Use palindromes for more than one” was 

separate from the actual definition.    
• Label (caption) interferes with reading the sign. 
 
 
 

Usability Experiences of Students: As previously described, students worked one on one 
with a teacher who was familiar with the MSMP to complete the activities specified in the 
Usability Survey for Students. These are summarized in Table 8. Their comments follow.  
 
 
Table 8. Usability Experiences of Students (N=14) 
Terms Selected above, center, forward, abbreviate, border, exact, gather, 

halfway, both, check, half past, one more, quarter past, 
zigzag, diagonal, right side up, cheap, depth, halfway 

Find the Term 14/14=easy/no problem 
View the Picture 12/14=easy/no problem 

1/14=somewhat difficult 
1/14=could not do 
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Listen to the 
PoS* and Definition 

9/14=easy/no problem 
3/14=somewhat difficult 
2/14=possible with trial and error 

Did you understand what 
was being said?  

5/14=5** 
3/14=4 
1/14=3 
5/14=2 

Would you like to have the 
avatar mouth and voice 
items at the same time? 

8/14=Yes 
5/14=No 
1/14=Maybe 

Would you like to have the 
avatar sign, mouth and 
voice items at the same 
time? 

10/14=Yes 
4/14=No 

Would you prefer to see 
the avatar mouthing and 
signing without voice? 

4/14=Yes 
10/14=No 

*- PoS is the abbreviation for Part of Speech 
**- 1=not at all; 2=somewhat; 3=quite well; 4=very well; 5=perfectly 
 
 
What Was Easy? 
• All 
• Getting the Avatar to sign. (Teacher wrote: She copied the sign for the part of speech and said. 

“Cool” with a big smile.) 
• The Pictures 
• Finding the Words; Understanding the Signing 
• Pictures and Speech 
• I like being able to choose one word.  
• [She] loved that the words in the definition could be accessed through sign language. (Teacher 

wrote: She took off independently trying to use the various features.) 
• It was easy to find the word and picture 
• I really like the app!  It is really cool! 
• I would use this app! 
• Finding words. 
• Understanding the definition. 
• To pick any term and use the ASL button to define it. 
 
 
What Was Hard? 
• It would be better not to have the PoS as part of the definition.  
• Listening. I could only understand select words. 
• Sometimes the facial expressions looked silly. 
• Big fingers made it hard to use letters on the right for finding words. 
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Summary of Findings: Overall, teachers and students found the interactive features of 
the MSMP easy to use and liked it. They were positive about the addition of human voice 
narration, rated it easy to understand, and would like to have it integrated with mouthing and 
signing. The summaries of results in Tables 9 and 10 support these findings. 
 
 
Table 9. Summary of Findings Related to Usability of the Interactive Features (N=23) 
Interactive Feature Number/Total Number of Responses  
Find the Term 23/23=easy/no problem 
View the Picture 21/23 easy/no problem; 1/23=somewhat difficult; 1/23=could 

not do 
Listen to the 
PoS and Definition 

18/23=easy/no problem; 3/23=easy/no problem; 2/23=possible 
with trial and error 

 
 
Table 10. Summary of Findings Related to Integration of the Voice Feature (N=23) 
Question Related to Preference Number/Total Number of Responses 
Did you understand what was being said?  9/23=5* 

6/23=4 
3/23=3 
5/23=2 

Would you like to have the avatar mouth and 
voice items at the same time? 

17/23=Yes 
5/23=No 
1/23=Maybe 

Would you like to have the avatar sign, 
mouth and voice items at the same time? 

16/23=Yes 
7/23=No 

Would you prefer to see the avatar mouthing 
and signing without voice? 

4/23=Yes 
19/23=No 

*- 1=not at all; 2=somewhat; 3=quite well; 4=very well; 5=perfectly 
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