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Introduction 
The case studies described in Evaluation Report 2 extend the qualitative component of 

the mixed-methods research design described in Evaluation Report 1. The case studies were 
implemented to take a close look at the strategies teachers use to integrate the Signing Math 
Dictionary (SMD) into their mathematics teaching and about how students use it to help them 
learn mathematics vocabulary and content. As such, they serve to augment the findings from the 
national field test. 
 

Research Questions 
Five primary research questions guided the study.  

1) What does mathematics teaching and learning “look like” in classes with the intended 
audience—students in grades 4-8 who are deaf and hard of hearing and whose first 
language is sign?   

2) How do teachers integrate the SMD into their classroom teaching?  
3) What value does the SMD add to math teaching and learning?  
4) What challenges and obstacles do teachers and students experience while using the 

SMD? 
5) What do the case study findings imply for future development of the SMD and for future 

research about classroom use?  
 
 

Research Design 
TERC, located in Cambridge, MA, designed and implemented the case studies. To 

facilitate collection of data, administrators at several local schools in the Greater Boston area 
who serve students who are deaf and hard of hearing and are within commuting distance to 
TERC were contacted to participate. This resulted in two specialized schools for the deaf 
participating in the study. Research at these two sites included 8 teachers and 33 students. It 
extended over the course of approximately 3 months from November 2010 to January 2011.  

 
Research Protocol and Instrumentation: A five-step protocol was developed by TERC 

to guide the research. Each of the 8 teachers and their students completed the entire protocol. 
This protocol and the instruments used for data collection are described below.  

 
Step 1. Collect Demographic Information—Each participating teacher completed a Site 

Data Form and returned it to TERC. It provided information about the location and setting of 
the school, and students’ grade, race/ethnicity, academic ability and level of hearing loss. This 
form is identical to the one used for the national field test and included in the Appendix of 
Evaluation Report 1. 

 
Step 2. Observe Math Classes Prior to Using the SMD—Each math class was observed at 

least once prior to use of the SMD. This observation was intended to provide insight into what 
math teaching and learning “looks like” in grade 4-8 math classes with members of the 
intended audience. It also gave researchers the opportunity to develop a relationship with 
teachers and students before introduction of the SMD. The Pre-use Classroom Observation 
Guide that was used to ensure that careful notes were taken with regard to the research 
questions related to the pre-use condition is included in the Appendix.    
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Step 3. Observe Math Classes Using the SMD—Teachers were asked to access the SMD 
at home or at school and decide how they would like to integrate it into their teaching. 
Arrangements were then made to observe it being used.  This observation was intended to 
provide insight into how teachers integrate the SMD into their classroom teaching. The SMD 
Classroom Observation Guide that was used to guide data collection is included in the 
Appendix. The observer also took photographs of students and teachers using the SMD, 
collected items such as worksheets and samples of student work, and had informal 
conversations with students to find out more about how they use the SMD and what they like 
or dislike. 

 
Step 4. Interview Teachers—After an observation, the teacher was interviewed to learn 

more about use of the SMD in a classroom setting and about needs, strategies, and challenges. 
Interviews were audio recorded and transcribed. The transcriptions were analyzed using NVivo. 
The Interview Protocol that was followed is included in the Appendix.  

 
Step 5. Collect Student Feedback—Students completed surveys that were returned to 

TERC and provided information about their experiences with the SMD, their likes and dislikes, 
and what they found interesting or a challenge. One group provided their feedback as a class 
activity. The Student Feedback Survey is included in the Appendix.  

 
Demographics of Participants 

The case studies were conducted in two specialized schools for the deaf and included a 
sample of 31 students distributed among 8 treatment groups representing grades 4-8. A summary 
of demographic information about the sites and about students’ levels of hearing loss, academic 
ability, and race/ethnicity gathered from the Site Data Form submitted by each teacher before 
beginning the case studies is presented in Table 1. In support of TERC’s policies for working 
with human subjects, identifiers have been removed to ensure confidentiality of the participants.  
 
Table 1: Study Sites and Treatment Groups 
 
Site 1: Northeast, Urban  
Teacher  N Grade  Hearing Loss Academic Ability Race/Ethnicity 
A 6 6 1 Moderate-Severe;  

5 Profound 
Below Grade Level 1 African American/Black; 

1 Asian; 4 Latino/Hispanic 
B 3 5/6 2 Moderate-Severe; 1 

Severe 
Below Grade Level 1 African American/Black; 

1 Latino/Hispanic; 1 White 
C 3 7 3 Profound Below Grade Level N/A 

 
Site 2: Northeast, Suburban 
Teacher N Grade Hearing Loss Academic Ability Race/Ethnicity 
D 4 6-8 

 
4 Profound Below Grade Level 4 White 

E 6 5 5 Profound; 1 
Cochlear Implant 

Below/At Grade Level 1 Latino/Hispanic; 5 White 

F 3 7 1 Severe, 2 Profound Below Grade Level 1 Latino/Hispanic; 2 White 
G 4 6-8 5 Profound  Below/At Grade Level 5 White 
H 2 4/5 

 
2 Profound; 1 
Cochlear Implant 

Below Grade Level 3 White 
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Findings 

Research Questions 1 and 2—Grouped by site, findings from observation of each 
teacher while teaching math with and without the SMD and from interviews about their usual 
teaching practices and experiences with the dictionary are presented as eight case studies that are 
written as narratives. Each narrative is divided into three sections: Class Description, Pre-use 
Summary, and SMD-use Summary. Individually, each case study provides insight into how 
teachers introduce students to the SMD and incorporate it for the first time into teaching as well 
as how students use it to learn math. Taken together, they provide new and initial information 
about what math teaching and learning “looks like” in classrooms comprised of students who are 
deaf and hard of hearing (Research Question 1); and how teachers integrate the SMD into their 
math teaching (Research Question 2). 
 
 
CASE STUDY 1—Site 1: Teacher A 

Class Description: Teacher A teaches math to six sixth-grade students. Although they are at the 
sixth grade level, the students are actually the age of seventh graders. Their level of hearing loss ranges 
from hard of hearing to deaf. Some wear hearing aids or cochlear implants. According to their IEP’s, 
some are to be taught in spoken English with signed support if needed. Others are to receive signed 
support and spoken English together. Still others are to be taught in ASL. Teacher A said that since her 
students have a wide range of needs, she does not do a lot of “full-class” teaching. Instead, she does “a lot 
of one-on-one” and individualizes instruction. The class uses the sixth grade Connected Math Project 
(CMP) curriculum, which is being taught over two years. For the observations, students were completing 
the last unit of sixth grade curriculum. They were then going to spend the remainder of the school year 
“reviewing everything” and starting the seventh grade curriculum. Students were working toward taking 
the standard Massachusetts Comprehensive Assessment System (MCAS) math test, rather than 
completing assessment portfolios as evidence of their understanding of the particular mathematics 
concepts included in the assessment. 
  

Pre-use Summary: The observation took place on November 4, 2010. Students were sitting at 
desks arranged in a horseshoe shape. The teacher stood at the front of the class. Six students were 
present—4 female and 2 male.  The topic of instruction was labeling 30 and 45-degree angles on a grid. 
Teacher A first demonstrated several examples using an overhead transparency. She then handed out a 
worksheet and another sheet. She described the contents of the second sheet as  “game” that they would 
play the next day in class. She then instructed the students to work on the worksheet using the remaining 
class time and to finish it for homework.  
 

SMD-use Summary: The observation took place on November 11, 2010. The class was held in 
one of the school’s computer labs because Teacher A’s classroom does not have computers available for 
student use. The lab has 15+ PCs. She had downloaded the Avatar® plug-in on all of the computers. 
Students were arranged in groups of two, but they each had their own computer. Teacher A explained that 
it seems to work best if they use the computer individually, but have the opportunity to discuss their ideas 
with another student as they work. 

Students were introduced to the SMD at the beginning of class. They were given a packet of 
information related to the lesson with the link to the SMD on the first page. Teacher A instructed students 
to use the link to open the SMD. Included in the information packet was a series of questions to help 
guide students and introduce them to its interactive features.  Questions included: How do you change the 
background color? How do you change the signer? How do you make it slow or fast? What is the SMD? 
Students were encouraged to investigate each question using the site for approximately 10 minutes. They 
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were not required to write down answers to the questions. Teacher A commented that the students were 
very excited (and surprised) when they first saw the SigningAvatar® character sign a term. They shouted, 
“It’s signing!” She said, “I think they were really blown away by the fact that there was a [cartoon 
character] signing, and the different speeds… it was just really cool. They were all really engaged. And 
it’s a group that is sometimes difficult to engage.” 

The goal of the remainder of the lesson was for students to use the SMD to review the math 
vocabulary from the three units that they had completed to date. The three units and associated terms 
were: 1) three-dimensional measurement—cube, net, face, vertices, surface area 2) two-dimensional 
geometry-— polygon, scalene, isosceles, degrees, types of lines 3) algebra—equation, expression.  
 The teacher identified the terms associated with each of the three units and provided the students 
with a  “packet” that included a set of terms and a chart to complete. Each pair of students was assigned a 
list of 8 words to look up in the SMD. For the chart, the students were asked to do the following: write in 
each word from their list; look the word up using the SMD; view the signed term and definition; practice 
signing and describing it; draw a picture of the term. As students completed each task, they “checked it 
off” in the chart. Teacher A commented that typically if they are not asked to write something down, they 
don’t actually do it unless she is really strict about watching them and making sure that they’re doing it. 
But while using the SMD, the students were “really religious about it” She could see them sitting there 
and individually signing the sign.  
 As far as using the SMD as a tool to review vocabulary is concerned, she said: “The Avatar 
would be signing the definition, and they would be copy-signing the definition, which is [typical] for 
these kids. None of them have really been [exposed to strict use of] ASL through school. They’ve had a 
mix of everything, depending on the year, the teacher, the IEP. So, their ASL skills, linguistically, are 
actually pretty weak in terms of where the parts of speech go—adjective, verb that kind of thing. And so, 
to have a model that’s actually ASL is good. I had them all use ASL because Signed English is—I don’t 
know, I think it makes more sense to them. They all understand ASL. So, I figured—I mean, some of 
them sort of clicked on the SE one, but they didn’t really like it as much.” 
 During the activity, students took advantage of being able to use the SMD to see a term and/or 
definition signed multiple times. Teacher A noticed that they “were playing the term again and again, and 
playing it for each other.” One student was watching the definition of “equilateral triangle” and he missed 
the words “same sides” in the definition. When she asked him what that term meant he said, “Oh, it’s a 
triangle with three sides.” She said to him, “Okay, you’re missing something. Go back.” He then watched 
the signed definition four or five times, and kept missing the sign “same.” Finally he said, “Oh, the sides 
are all the same.” Teacher A commented that this example “illustrates how valuable the SMD is in 
helping students with comprehension. For him to keep going back again and again to try to get that one 
word that he was missing, that is pretty much the most important word in that definition was really 
critical.” 
 As part of the activity, students were asked to draw a picture of each term. They would use their 
pictures later for making posters. They used the illustrations in the SMD to draw pictures for several of 
the terms in their lists. Teacher A noticed that students were all pretty much copying the drawing or the 
picture provided in the SMD, which she thought was helpful. She said, “sometimes even getting the 
definition through ASL is not enough for them. You have to have the picture support.” 
 Although, Teacher A does not have a computer in her classroom she had ideas about how she 
might be able to use the SMD in her classroom if one was available.  She said, “If I had it, I’d probably 
just have it up during class, and then when the kids are working independently, and they come across a 
word they don’t know, they could just go over and look it up. Then they wouldn’t have to have me, 
always relying on an adult to sign the word, that kind of a thing. Even though they have other resources 
such as “wall lists” (lists of words and definitions written on paper and posted on the walls) and 
vocabulary words in their notebooks, the terms would be so much more accessible to them if they could 
just go [use the SMD].”  She also said that the SMD would be helpful to use when introducing new terms 
instead of writing them on the board or on “the wall” but that having to go to the computer lab to do that 
wasn’t a convenient option. 
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CASE STUDY 2—Site 1: Teacher B 
Class Description: Teacher B teaches math to three fifth-grade students.  The hearing loss level of 

the students ranges from moderate-severe to severe. She explained that they are “sixth-fifth, basically 
fifth, but they are the lower math class. For this reason, they’re taking half of the curriculum and doing it 
for the full year so that it’s a slower pace.” The class uses the Investigations in Number, Data, and Space 
curriculum. At the time of the observations, students were working on Unit Five of the fifth grade set of 
materials. They were focusing on geometric shapes such as quadrilaterals and polygons.  

 
Pre-use Summary: The observation took place on November 4, 2010. Three students—2 female 

and 1 male—and Teacher B were sitting at a table in front of a large whiteboard. The students were 
working individually to complete division word problems in their workbooks. Teacher B encouraged 
them to do a problem and then check their work on a calculator. She checked each problem before they 
were allowed to move on to the next one. Occasionally, she would have to explain a problem or sign it to 
the student in ASL. She mentioned that for one student the “English” in the word problems was difficult 
for her to understand so she had to rephrase it so that she could understand it. Another teacher—the math 
coordinator—arrived to help as the aide that usually works in this class was not there that day.  She sat 
down with the students and encouraged them to explain their work to one another.  She said, “If you 
explain it, you will know it!” The male student finished the work before the end of class and was 
instructed to get “multiplication flash cards” and use them to practice multiplication while the others 
finished their work.  
 

SMD-use Summary: The observation took place on November 11, 2010. The class was held in 
the regular math classroom. The SMD was accessed from the classroom computer and projected onto a 
large TV monitor.  Students sat in chairs in front of the monitor and took turns operating the keyboard 
and mouse. 

To introduce the SMD and practice its use, Teacher B asked students to take out their written 
math dictionaries. These students have been developing a written math dictionary of terms and definitions 
for the past several years. They practiced using the SMD to look up several terms that had recently been 
included such as quadrilateral, polygon, trapezoid, and rhombus. Together they went through, and “played 
with” all of the features, and talked about the different ways to access the words, and how to view the 
illustrations.  When asked about students’ initial reaction to using the SMD she said, “They watched it 
better than they watch me! They enjoyed it. I think it’s something different, and they liked the way it was 
signed. I think it was very clear for them.”  

The goal of the remainder of the lesson was for students to use the SMD to look up terms related 
to the topic of geometric shapes. They then used the SMD to review their answers during a math 
vocabulary matching game. 
 Students took turns going to the computer and finding the terms from a list in their written 
dictionaries, watching the signing and discussing what they learned. Teacher B said that using the SMD 
helped reinforce the concepts and that it was helpful for them to see “different signs.” They also used the 
SMD to learn new terms and definitions. For example, at the beginning of the class the word “adjacent” 
came up. Teacher B mentioned that they “hadn’t really talked about that word.” Students used the SMD 
to click on the word and learn what “adjacent” means. This led to a short discussion about the meaning of 
the term. She said that her students were curious about other words in the alphabetical listing that had not 
been taught prior to this lesson. However, she wanted to focus them on the list of terms for the lesson. 
Therefore, except for adjacent, they did not look up.  
 After the class had finished looking up all of the terms in the list, Teacher B introduced a math 
vocabulary matching game. Each student was given a whiteboard and a marker. She read a “clue” that 
was a definition for the term such as “I am a shape that is four sided. Whenever I have an angle, it’s a 
right angle.” Students wrote the name of the term being described on their whiteboards. The teacher then 
used the SMD to look up the term or terms students had written. The class viewed each signed term and 
definition and discussed its meaning. They then decided whether their answer was correct. Although the 
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class had played this game before, the teacher thought it was a valuable to be able to use the SMD to 
“check their answers.” In the future she might adapt the clues to match the definitions in the SMD. The 
figures below show Teacher B selecting the term “square” and having students check its definition to 
confirm that this is the correct answer to the clue in the example. 
  
 

   
  Selecting a Term            Checking the Definition of the Selected Term 
 
 
 Teacher B explained that she always introduces new vocabulary words at the start of a unit. She 
usually writes a word on the whiteboard and has the class discuss its definition. Although she provides 
print-based math dictionaries for students to use as a reference, she does not allow them to copy the 
definition from the dictionary. She requires them to write the definition in their own words. She said, 
“Since English is their second language, having the SMD up would be really good because then they 
could watch the signing, understand the term better, and be able to write a better definition in their own 
words.” So, what I’m thinking about doing is, when I have new vocabulary, they could take turns, 
because we only have it on one computer here. I do know they have them in the lab. But I don’t have two 
of me. So I think what we’d do is have them take turns looking up different words and then writing them 
in their dictionaries.  They like technology. And I think it’s a way to keep them engaged instead of doing 
just paper and pencil writing from a print dictionary. They will continue to keep their written dictionaries 
and use the SMD as another resource for helping them understand what the terms mean and write 
definitions in their own words. 
 
 
CASE STUDY 3—Site 1: Teacher C 
 Class Description: Teacher C teaches math to three seventh-grade students. The class uses the 
seventh grade Connected Math Project (CMP) curriculum. At the time of the observations they were 
studying pre-algebra and graphing. Teacher C said that because of the assessment portfolios required for 
the MCAS, they had to deviate from algebra and focus on geometry to be sure that the students are 
completing the portfolio requirements. He said that he hoped they would be finished soon so that they 
could return to algebra. 
 

Pre-use Summary: The observation took place on November 4, 2010. Three students—1 female 
and 2 male— were sitting at a table and Teacher C was standing nearby. Students were taking an exam 
required by the Boston Public Schools titled Boston Public Schools Mid-Module Examination, Grade 
Seven, Variables and Patterns. A line below the title read: “This examination is based on the mathematics 
that you have done in your math class.” Several of the questions required students to graph a set of data or 
to use a graph to answer questions. During the exam the teacher worked with students individually to 
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explain the questions in ASL. They then solved the problems on their own. An example from the test 
follows: Jackie does jumping jacks for 2 minutes. She starts out jumping very quickly for the first minute. 
Then, she slows down but does not stop. She speeds up at the every end. Draw a graph that best 
represents the relationship between Jackie’s number of jumping jacks and the time.  
 

SMD-use Summary: The observation took place on November 11, 2010. The first part of the 
class was held in the classroom and did not involve use of the SMD. The second part that involved use of 
the SMD was held in one of the school’s computer labs. Teacher C’s classroom has one computer that is 
not does not set up for student use. The lab has 15+ PCs. He had downloaded the Avatar® plug-in on all 
of the computers. Students sat individually and each student operated their own computer.  

The goal of the lesson was to use the SMD to review math vocabulary related to geometry in 
preparation for the MCAS exam. Teacher C had created a worksheet that included a list of vocabulary 
terms on the left side and a column for students to write “their meaning or definition” of the term before 
using the SMD and after using it. During the first half of the class, students worked independently in the 
classroom to define each term based on what they already knew without using any resources. They then 
proceeded to the computer lab. After the students were settled in at a computer, Teacher C introduced the 
SMD by instructing them to use it to look up a term that was not on the worksheet. They were fascinated 
with being able to select an Avatar character so they did that before doing anything else. They then 
practiced using the dictionary to look up the term they had selected and to explore its interactive features. 
The students “played around” with the movements of the characters and the signing speed. They then 
proceeded to complete the worksheet using the SMD.  

Teacher C wanted the students to use the signed definition of the term and not the text to learn its 
definition. To facilitate this, he had devised a system where students covered the left side of the definition 
page containing the text description of the term with a piece of paper, so that they could only see the 
Avatar character signing it. Students could “lift up the paper” to click the icon for ASL or SE. He said that 
students  “played the signing over and over and it was good.” After students had viewed the signed 
definition as many times as they wanted, they wrote their definition in the second column of the activity 
sheet. He said he noticed that one student preferred viewing the definition in Signed English, and another 
used the ASL. He pointed out that when looking at students’ definitions in the second column, it is 
apparent whether the student had viewed the definition in SE or ASL. He also said that while students did 
not have the opportunity to remove the cover sheet and take a look at the text definition, he thought that it 
would be a good idea to do so the next time they used the SMD. He thought it would be a good idea to 
add a third column to the worksheet where students could “extrapolate the definition and compare the 
definitions in all three columns.” Since the students did not have an opportunity to use the illustrations, he 
thought they would also like to explore them in a future lesson. The image on the next page is an example 
of a completed worksheet. 
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 When asked how he might incorporate use of the SMD into his classroom in the future, Teacher 
C said that they would soon be starting a new list of math vocabulary. It would be useful to connect his 
one classroom computer to a TV monitor and give students the opportunity to look up terms individually 
in the SMD. He said, “I think the students will be very fascinated, and they’ll pay more attention. 
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Electronics are fascinating to students. So they’ll be paying attention to what is on the screen, rather than 
listening to me which they’re very used to doing. I think that will hook them, the idea of this technology-
based information.” 
 
 
CASE STUDY 4—Site 2: Teacher D 

Class Description: Teacher D teaches math to four sixth-grade students. The students are deaf and 
autistic. To effectively address their many needs students, she works with a Co-teacher. The students are 
working slightly below grade level in math and read at a third to fourth-grade level. Teacher D said that 
they use the SMART Board everyday for instruction and activities. They routinely use online virtual 
manipulative materials and computer-based quiz games such as Fast Math and V-Math Live. They have 
frequent class discussions. All of the students work independently and require a lot of support with things 
such as setting up their paper and writing the answer in the right place. The class uses the Transitional 
Mathematics curriculum. This is a pre-algebra curriculum that is designed for students who traditionally 
struggle with numbers. The students are in the first year of this three-year curriculum. At the time of the 
observation they were working on place value, estimation, operations with whole numbers, and 
subtraction with an emphasis on checking their work, catching errors, and working with numbers in 
different ways. 
  

Pre-use Summary: The observation took place on November 16, 2010. Four students—1 female 
and 3 male—were sitting at tables in a U shape facing a SmartBoard. Teacher D explained that they 
would take turns going to the SmartBoard to solve math problems. The first two were the subtraction 
problems 62-21 and 62-39. As students came up to the Board, they were instructed to use the expanded 
subtraction method that they had used previously to solve the problems. The next three problems required 
students to identify the scale used for a number line and then fill in the numbers that were missing. The 
last two problems were related to fact families. For each problem, students were given two numbers in the 
fact family and asked to figure out the missing number.  Students were comfortable going up to the Board 
and showing their work. Teacher B provided assistance when needed. She often used examples from 
students’ work to help other students understand the problems and solutions.   
 

SMD-use Summary: Teacher D had previously introduced the SMD to her students during 
academic support class—a study hall that she sometimes uses as an extra math class. She had projected 
the SMD from a computer onto a SmartBoard and played the part of the introductory video that is 
included with the SMD and shows different ways to access a math term. Students then took turns going 
up to the computer, finding a term, clicking on different features, and making the Avatar sign.  

Each student was subsequently given a laptop to use individually during math class. Students 
were encouraged to “play around with the SMD” and look up words in the instructions for their 
homework. Teacher D thought that clicking around to access the different features was intuitive. 
However, she was not sure how long it might take them to “use it strategically with their work” and do 
things such as identify words in instructions that they are not sure about, look them up in the dictionary, 
and then go back to apply what they learned. She commented that these particular students do not always 
understand real people signing fluent sign language to them because they have a communication barrier. 
Therefore, incorporating the abstraction of the avatar is a skill that would have to work on over time. It 
appeared that students who were more fluent signers liked the SMD more than those who were not.  
 In general, Teacher D said that the students really liked the SMD and were “kind of fascinated.” 
One student even thanked the computer directly for teaching him. The term the Avatar was signing was 
“digit”—a term they had previously learned means “number.” When the Avatar showed him more about 
what the term means, he said, “Oh, thank you for teaching me. That’s great.” These same students also 
used the Signing Science Dictionary (SSD) in science class since they had already been introduced to it 
for math and wondered, “Oh, let’s see what the dictionary has to say about this [science].” 
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 The observation of Teacher D and her students using the SMD took place on December 14, 2010. 
The class was held in the math classroom. Students had their laptop computers with the SMD running on 
it and were working individually at their desks as shown in the image below.  
 

 
Working Independently with the SMD 

 
 
 The goal of the lesson was for students to use the SMD as a reference while completing three 
worksheets. One worksheet required them to use standard measurements such as inches, feet, and miles to 
specify equivalence, size, and distance. A second sheet required them to calculate the area and perimeter 
of several rectangles. A third sheet required them to draw rectangles of a given area.  

As the class progressed, students worked independently and the teachers intervened or assisted 
them as they worked or asked questions. One student looked up the word “tall” since the question read, “a 
tall man could be _____tall?” Teacher B showed the student a ruler and pointed out the inches, and then 
explained that the length of the ruler is one foot. The student wrote the word “feet” in the blank to answer 
the question. Another student was using the SMD and completing the worksheet on her own. When the 
teacher checked her work she wrote “=80% accurate, 100% independent” on the sheet and instructed her 
to go on to the next sheet. Several students looked up the terms “inch,” “feet,” and “yard” while working 
on the sheet that required them to convert one measurement to another and looked at the illustrations that 
went with the definitions. Students also looked up the terms “area” and “perimeter” while working on the 
sheet that required them to find these measurements. As one student was trying to calculate the area of a 
rectangle, he looked up the term “area.” The rectangle was 10 units long and 4 units wide. At first, he 
wrote the area was 20. Then he looked at the illustration for area and noticed that the shape (a square) was 
divided into smaller “square units.” He went back to the worksheet, counted the squares inside the 
rectangle, and changed his answer to 40. The images on the next page are examples of the completed 
worksheets. 
 Teacher B hoped that being able to use the SMD as a reference would help students work 
independently to complete worksheets, solve word problems, and do math computations rather than 
relying so much on her and her partner teacher. She said, “I’m sort of thinking of using it as a way to 
reduce support. They could start with me actively helping them, and then look to the SMD.” She would 
also like to create some vocabulary style activities designed to help students use the dictionary as a 
resource.   
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Practice With Standard Measurements 

 
 
 

Practice With Area and Perimeter 
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CASE STUDY 5—Site 2: Teacher E 
Class Description: Teacher E teaches math to six fifth-grade students. Five students are deaf; one 

has a cochlear implant; and one has low vision and uses a magnifying device for viewing a SMART 
Board, white board, or written materials. The class uses the fifth grade Everyday Mathematics curriculum. 
They were finishing up the topic of data sets and beginning to study geometry angles. Teacher E 
explained that there is a focus on math vocabulary and that learning the terms and meanings that relate to 
the content of each unit of study is extremely important. She usually selects about 5 math terms each 
week for the students to learn. At the end of the week they have a quiz. Teacher E thinks that it is critical 
for them to be able to explain their math reasoning. Knowing the vocabulary helps them explain what 
they are doing and demonstrate what they know. 
 

Pre-use Summary: The observation took place on November 16, 2010. Six students—3 female 
and 3 male—were sitting at desks in a U-shape facing a SmartBoard. The lesson was a review of the math 
vocabulary related to the topic of data sets. She stood next to an overhead projector and was using it to 
display a list of words and definitions for terms such as increase, decrease, variable, and minimum onto 
the SmartBoard. The students had sets of cards with the words listed on them. She covered up everything 
except for one definition with a blank piece of paper, read and signed the definition, and then asked 
students if they knew which word was being defined. If they knew, they held up the card with the term on 
it. She announced which word one of the students was holding up and asked the other students if they 
agreed. If all of the students agreed, the teacher would confirm the correct answer and move on to the 
next word in the list. If they did not agree, those students who believed they knew the correct answer 
would hold up the card with another term. When called upon they would explain their answer and their 
reasoning. The teacher would then ask again if the class agreed with the answer.  This process continued 
for each term on the list until each definition was matched with the correct term. At the end of the review, 
she explained that on Friday there would be a test on these words. For the test, they would be given the 
definition and have to write the word that goes with it.   

Next, Teacher E projected an overhead onto the SmartBoard that included several multiplication 
problems. She instructed students to take out their math binders, copy the problems, and solve them on 
their own. Examples included: 3 x 8, 3 x 80, 30 x 80, and 300 x 80. A last problem asked them to estimate 
the product of 3.7 x 6.2. They were to show their estimate as a number sentence.  
 

SMD-use Summary: The observation took place on December 16, 2010. It was held in the regular 
math classroom. As for the pre-use observation, students were seated at desks in a U shape facing the 
SmartBoard. Teacher E related that she had introduced her students previously to the SMD by projecting 
it onto the SmartBoard and “doing it together with them.”  She said they were initially very excited and 
shouted, “Oh, let me see this button! Let me see that button!” She had them write their reactions and give 
feedback after using the dictionary for the first time. One student wrote, “I like it because it is easy while 
you read or write and the signing is very clear!” Another student wrote, “It is cool, awesome, and tons of 
fun for deaf students.” Teacher E said that after they first used the SMD in class, all of her students “want 
it at home now too.” 

The goal of the lesson being observed was to introduce new vocabulary words related to the topic 
of geometry angles. They included terms such as obtuse angle, right angle, straight angle, and reflex 
angle. Teacher E had connected a computer with the SMD running to the SmartBoard. Students took turns 
coming up to the board and using the SMD to look up a word. They viewed the signed term and definition 
in ASL, viewed the illustration, and then discussed what they had learned. Following the discussion, they 
wrote the term and its definition in their Vocabulary Study Guides. They use these guides daily in class 
and at home to review math vocabulary in preparation for a weekly quiz. For the quiz, they are required to 
write definitions for terms or to write terms that go with definitions. The quiz never involves simply 
matching terms and definitions.  
 As they were getting started, one student turned and said, “Hey, this is really cool!” They were all 
excited about having a turn to operate the SMD, look up terms, and view the signed definitions. Teacher 
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E commented, “To be able to point to a word and see the sign is good. When they’re reading a definition, 
or when they’re signing a definition, they might not get which word is the English match. So they can go 
to the English word if they’re not sure about that and see the sign. So, it is a great way for them to just do 
that and practice at home, too.” The images below show students discussing the definition of a term and 
selecting words within its definition to see signed. 
 
 

     
 Discussing the definition of a term   Selecting Terms Within the Definition to Sign 
   
 
 In the future, Teacher E thought it would be great if they used the SMD to play the same kind of 
vocabulary game that was described in the Pre-use Summary to review vocabulary. Students could see a 
definition being signed, and then have to guess the term or choose it from a list. She said, “I feel like it’s a 
goldmine, but we need to figure out how to make it more game oriented!” 
 
 
CASE STUDY 6—Site 2: Teacher F 

Class Description: Teacher F teaches math to three seventh-grade students. One student works at 
the fifth/sixth-grade level. The other two work just slightly below this level. The class uses the second 
level of the Transitional Math curriculum and is studying fractions. Unit topics include data and analysis, 
mode, median, range, and comparing and converting fractions to decimals and percentages. Students 
regularly use hands-on materials, a SMART Board, worksheets, games and manipulative materials in 
conjunction with their math studies. 
 

Pre-use Summary: The observation took place on November 16, 2010. Four male students were 
sitting at their desks in rows facing a SmartBoard. The topic of the lesson was determining which graph 
type is best for a particular set of data. Teacher F used the SmartBoard to display data that included the 
temperature at different altitudes in degrees Fahrenheit. For example, 0 ft = 65 degrees F; 500 ft = 64 
degrees F; 1,000 ft = 61 degrees F. She asked the students to determine which graph type would be best 
for displaying the data. Choices were vertical bar graph, horizontal bar graph, pictograph, and line graph. 
Each graph type was also displayed on the SmartBoard showing an alternate data set. To help them make 
a determination, teacher and students discussed what is happening with this data. One student mentioned 
that as the altitude increased the temperature decreased. Students then decided on a graph type and used a 
piece of graph paper that they picked up from the back of the classroom to create their graph. Teacher F 
worked individually with students as they worked on their graphs. With one student, she discussed which 
axis to use for each of the variables. With another, she discussed changing the scale to spread out the data 
points so the graph was easier to read. The bell signaling the end of class rang before students had 
finished their graphs. Teacher F said they would finish and discuss them the next day. 
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 SMD-use Summary: The observation took place on December 14, 2010 in the regular math 
classroom. Students were sitting at individual desks in rows facing the SmartBoard. Teacher F had 
introduced the SMD during the week prior to the observation. To accomplish this, she had installed the 
dictionary on several MacIntosh laptop computers that had VMware and distributed the computers to 
students to use at their desks. She had then used the SMART Board to introduce some of the SMD’s 
interactive features, including changing the background color and the signing speed and using different 
methods to find terms.  She said students “picked it up really quickly, and were really impressed with it.” 
Their first reaction was, “Wow!” She also said that as time went on students started to comment that some 
of the expressions of the Avatar characters were “kind of funny,” so she had to remind them that they 
were not real people. Students had other opportunities during the week to use the SMD themselves. Those 
who had PC’s at home were encouraged to install the dictionary on them and use it when they were not at 
school. Teacher F said that the two students who used the SMD at home to study their vocabulary during 
the week did well on the vocabulary test, which was “really cool.”  
 The goal of the lesson observed was to introduce new vocabulary that would be included in the 
weekly review/quiz. They were to look up a term in the SMD, watch the signed definition, discuss the 
definition, and complete a chart on a worksheet by writing their own definition for the term. Teacher F 
projected a chart on the SmartBoard with the terms maximum, minimum, median, range, and stem-and-
leaf-plot in the left column and a space in the right column for writing the meaning of each term. Students 
had laptop computers at their desks so that they could to look up the terms individually and view the 
signed terms and definitions. They had their own copy of a worksheet that was also projected on the 
SmartBoard. Teacher F guided students through looking up a term and definition and watching the 
signing. They then discussed what they had learned about the term. Following the discussion, she wrote 
on the SmartBoard the “meaning” they had decided on. Students also wrote it in the space on their 
worksheets.  For example, students viewed the definition of “minimum” as: “The minimum is the 
smallest amount of something, the lowest possible limit, or the smallest number in a set of data.” They 
then discussed what this meant before Teacher F wrote “lowest number” in the meaning column. The 
images below show students working individually at their desks with the assistance of the teacher to look 
a term and then discussing its meaning as a class. 
 
 

   
  Working Individually to Look Up a Term  Discussing the Meaning of the Term as a Class 
 
 
 Teacher F said the students were very interested in watching the Avatar. They liked viewing the 
signed definitions again and again. She thought that some of the SMD definitions were a bit lengthy, but 
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the objective was “to expose students to them and have them be able to put something down on their 
paper to help cement the words to their meanings.” This appeared to be accomplished using the SMD. 
When asked how she might use the SMD with her students in the future, she said, “As the kids do really 
well with vocabulary, and they’re starting to really get a handle on the dictionary, I’m going to have them 
use it at home, and show their parents.” 
 
 
CASE STUDY 7—Site 2: Teacher G 

Class Description: Teacher G teaches math to five students. Only four were present on the day of 
the observation. They range from sixth to eight-grade level. The class uses the third level of the 
Transitional Mathematics curriculum and is studying pre-algebra. Teacher G explained the students are 
not considered to be “an on-level group.” However, they are “near on-level.” She mentioned that out of 
the five, two would be taking the on-demand MCAS math test, and three would be doing the alternative 
portfolios.  
 

Pre-use Summary: The observation took place on November 16, 2010. Four students—two male 
and two female—were sitting at their desks in a wide “U” shape facing a SmartBoard. The topic of the 
lesson was percentages and converting decimals to percentages. Teacher G used an overhead projector to 
display a series of decimals on the board. She instructed the students to work individually to convert the 
decimals to percentages using the order of operations/ “PEMDAS” method that they had learned 
previously. After they had completed the problems, they discussed their answers with the teacher as a 
group. Teacher G then divided the class into two groups. Two of the students were told to play a 
“memory game” on the floor using cards with fractions written on them. The game consisted of cards 
with fractions written on them in different ways such as 1/3 and .3333.  The students put the cards face 
down in rows and proceeded to turn them over, one at a time. The goal was to remember its match and 
then find it among the turned over cards or to keep turning cards over until its match appeared. The game 
was over when all of the cards were paired together with their correct match. 

The other two were given laptop computers and told to do an activity on the “vmathlive.com” 
site. This is an online subscription math resource that students can use at home or at school to practice 
math skills, prepare for high stakes tests, and participate in real time speed and skill competitions. Prior to 
giving them the computers, a teaching aid had logged on to the site and cued up the activity that involved 
converting decimals to percentages. After they were done, the two groups switched places and did the 
activity—memory game or online activity.  
 
 SMD-use Summary: The observation took place on December 14, 2011. The class was held in the 
regular math classroom. Students were sitting at desks in a horseshoe shape facing the SmartBoard. 
Teacher G had introduced the SMD the week before. She explained that the first time she showed 
students the dictionary, she projected it on to the SmartBoard and demonstrated its interactive features 
using vocabulary from past math units. She then passed out laptops with the SMD installed so that 
students could use it on their own. She said, “After they had seen it in action, then I let them play with it 
to get a hands-on experience.” She did not pass out the laptops before showing the dictionary because, as 
she explained, her students can be easily distracted and would just “try to play with it on their own” 
without making sense of what they were doing. Later in the week, they played a game as a class using the 
SMD projected on to the SmartBoard. It involved seeing a definition signed and then trying to guess the 
term being defined. She said, “What I did is I took a sticky note and covered up the text on left side of the 
page that shows the term and definition in English. It didn’t work out as great as planned. The problem 
was that sometimes the Avatar would spell out the word being defined and that would give it away. I 
wanted to try to get students to guess what it was.” Overall, she said that students loved the SMD, and 
were excited about using it again.  
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The goal of the lesson being observed was for students to use the SMD as a reference while 

completing the chart in the worksheet shown below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
To complete the chart, they had to place each term listed across the bottom in a column according to the 
symbol that went with it. As shown, the chart had columns with the operation symbols for addition (+), 
subtraction (-), multiplication (x), and division (÷) and the equal sign (=) as titles. 

Teacher G first used the worksheet projected on to the SmartBoard to explain the activity. An aid 
then passed out a laptop computer with the SMD running on it to each student. They began by putting the 
words they already knew into the appropriate column. When they got to a point where they were not sure, 
they used the SMD to look up a term and view the Avatar signing it and its definition. They worked on 
their own until most of them had completed the activity. Then, working as a class, Teacher G called on 
students to share where they thought a word should be placed in the projected chart. After everyone 
agreed, she put the word into the correct column. Teacher B commented: “It was cool because I didn’t 
really anticipate how it was going to turn out. Normally, we wouldn’t have any kind of resources. It 
would be students taking turns going up to the SmartBoard and using what they already knew. They 
would just kind of guess or use what they remember. As things got harder and harder with the ones that 
were left, they didn’t have a resource to go to. Some of the basic easy ones like “added to” or “subtracted” 
or “minus” they usually got. Then, they would get harder, and we would discuss it as a class. This time 
was cool, because students could do it on their own and use the dictionary to help them figure out the 
ones that they didn’t know.” Although some of the terms they were asked to categorize were not in the 
SMD, students were able to discuss their ideas and then use the dictionary to look up related words. This 
led to accurately assigning the term to the correct column. The images on the next page show students 
using the SMD to look up terms and Teacher B putting terms into the chart. 
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Working Individually to Look Up Terms 

 
 

 
Completing the Projected Chart 

 
 When asked how she might use the SMD in the future, Teacher B said, “I want to try to come up 
with some kind of game, which is why we experimented with the sticky note thing yesterday, but I’m not 
sure how yet. It would be great if we could make it more interactive.” 
 
 
CASE STUDY 8—Site 2: Teacher H 
 Class Description: Teacher H teaches math to three third grade students. Only two were present 
on the day of the observation. They are the age of students in the fourth and fifth grade. One student is 
below grade level in reading and often does not fully understand the meaning of math terms. The other 
two are a bit above grade level in reading. They are able to read a math term and understand what it 
means. They may not understand its sign. The class uses the Everyday Math curriculum. At the time of 
the observations, they were studying multiplication.   
 

Pre-use Summary: The observation took place on November 16, 2010. Two male students were 
sitting at desks arranged in a row facing the front of the classroom and taking a test.  The test covered 
concepts related to money and time. Several of the questions were word problems. Teacher H sat in front 
of their desks and helped them read and understand the questions before they solved them.  She reminded 
them that she was available to sign the questions for them if they needed or wanted her to.  
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SMD-use Summary: The observation took place on December 16, 2010. It was held in the math 
classroom. Teacher H had introduced the SMD the day before. Students had been working on “ math 
boxes,” and reviewing different concepts that they had learned related to factoring. She said that one 
student had a very difficult time reading, but he benefitted from being able to look up and find what he 
needed to know in the dictionary. She said,  “It helped him understand what he was doing and what he 
needed to do. So that was really nice.” She thought the students were fascinated with the Avatar, for sure. 
She thought, “Wow, this is great technology.” She added,  “The students all wanted to copy that guy!”  

The goal of the lesson being observed was for students to use the SMD as a reference while 
competing several “lattice multiplication” problems in their math workbooks. Students were sitting at 
their desks with their math workbooks open and the SMD running on MacIntosh laptop computers 
equipped with VMWare. Teacher H sat directly in front of both students’ desks so that they knew she was 
available to answer questions or clarify instructions.  She suggested the students look up the term 
“multiplication” in the SMD. They looked it up and viewed the signed definition and illustration. Teacher 
B teacher then said, “Let’s find that word on your workbook page.” The illustration for multiplication 
shows that 6 x 3=18 is the same as 6+6+6=18.  The teacher then directed the students’ attention to one of 
the workbook problems and said, if the problem is 9 x 3=?, why don’t we try to add 9+9+9? The students 
were able to solve the problem using what they learned in the SMD, with direction from their teacher.  
Students also wanted to look up the terms “add” and “equals sign.” The images below show students 
working with the SMD and discussing their ideas with their teacher. 
 
 

    
   Looking Up Terms in the SMD    Talking About the Meaning of a Term 

 
 
While the Teacher B thought using the SMD as a reference for completing computational math 

was helpful, she pointed out that it is logistically difficult for students to operate the laptop and have the 
workbook on their desk at the same time. She thought it would be better to project the SMD on a 
SmartBoard or whiteboard or have a smaller device, such as the iPod version, for students to use at their 
desks.  
 

Research Question 3—Besides providing information about how teachers use the SMD 
and what teaching and learning looks like when it is used in math classes with students who are 
deaf and hard of hearing, the case studies also point to it adding value to teaching and to the 
learning experience in a number of different ways (Research Question 3). Findings from the 
post-use teacher interviews and student surveys provide additional insight. Grouped into 
categories, the value the SMD adds to teaching and learning is summarized below.  
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Increased Access to Mathematics Content—Teachers say that having access to math 
terms and definitions in their “first language” makes “a huge difference” for their students. 
Dictionaries in general and math and science dictionaries in particular contain text definitions 
written in English, which is their second language, that are too lengthy and complicated for the 
majority of them who do not read on grade level. One teacher said, “I’m really glad that they 
have the SMD to use. It’s kind of the missing link in deaf education.  For a long time, if you 
couldn’t read, you couldn’t use a dictionary. It was just too difficult. So for that alone it’s really 
great!”  Another said, “Especially in math and science where students see words signed so 
seldom, or see them appear in their work so seldom, that to have a dictionary with the words 
signed is a huge benefit as it gives them access to the information it contains.” In the words of 
one student, “Sometimes I don’t understand the definition by words and the signing character 
helped me understand.”  

 
Increased Independence—After being introduced to the SMD’s interactive features, 

students are able to use the dictionary to learn at their own pace. As was seen during the 
observations done in conjunction with the case studies, they often viewed a signed term and 
definition and its illustration over and over as many times as they like without teacher 
intervention until they understood what it meant. They also looked up terms that interested them. 
As one student said, “It’s fun to look up words!” This tended to result in students working 
independently and relying less on the teacher for answers to questions or clarification of 
instructions. In the words of one teacher: “I encourage students to raise their hands and let the 
teacher know if they need a definition explained, but this group of students tends not to want to 
ask for help. Unfortunately, they will not ask the teacher to repeat a definition over and over until 
they understand it. They will passively sit there and let things go by. But, with SMD, and the fact 
that they don’t have to ask the teacher, they can go up themselves and click on something to be 
repeated. When they individually have that opportunity to go over and click on the character to 
sign it over and over, they will.”  
 

Increased Individualized Instruction for a Range of Learners—The many interactive 
features embedded in each definition page and the controls that provide access to them on 
demand allow students to learn at their own pace, in their own way, and at their own level. For 
example, one teacher explained that it was helpful for her students to be able to click on a word 
within a definition to see it signed or see the whole sentence signed at once depending on what 
the student needed to do to understand the meaning of the term. She said that this feature 
“scaffolds their understanding” and helps students to “recognize dictionaries as a source of 
information about what words mean.” Teachers also commented on how the illustrations were 
especially helpful for visual learners. However, they helped all students visualize what was being 
signed or read. One teacher said, “A really nice thing about the dictionary is that it has illustrated 
examples included. This is good because it makes learning very, very, visual, which I think is 
very beneficial for the students in my class.” Students also appreciate the range of options 
available. One student commented, “ It’s good that they use signing and give words to better 
understand.” 
 

Increased Acquisition of Standardized Test Vocabulary—The students that 
participated in this study are required to take the Massachusetts Comprehensive Assessment 
System (MCAS) test in mathematics. Whether they take the standard MCAS test with 
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accommodations or the MCAS Alternate Assessment (MCAS-Alt), they are required to do a 
considerable amount of writing and explaining of their answers. They are also required to read 
and understand written instructions and do word problems. Teachers in the study all agreed that 
use of the dictionary can help students develop the skills they need to be able to do this. In the 
words of one teacher, “Well, this SMD will definitely help them to know the language of the test. 
A lot of the stuff on the MCAS is explaining what you know, and that’s usually where our kids 
have scored lower. They might do the computation right but not be able to explain why, and a lot 
of times, they will use examples to show what they mean. They get more points if they are also 
able to explain it.” 

 
Increased Use of English Language Arts and Literacy Skills in Math—Teachers 

stressed the importance of learning mathematics vocabulary. Being able to understand math 
terms and their meanings leads to a better understanding of written instructions and enables 
students to articulate and explain their answers. One teacher commented that she liked the way 
the SMD “brings English and vocabulary into math.” She added, “It’s easy in math class to 
ignore the directions, give an example, draw a picture, and move on without focusing on the 
directions. Additionally, it’s helpful because students who can’t read very well don’t often use 
dictionaries, but they can use this dictionary.” Another teacher said that to be able to work on 
going back and forth from the signed definition to the text and back to clarify understandings 
helps students work on their reading and literacy skills “in every class, not just in English class, 
but also in math.”  
 

Increased Motivation and Curiosity to Learn Math—Students who used the SMD 
were “wowed” by the Avatar technology.  Their initial reactions were filled with wonder and 
excitement. Teachers explained that their students are particularly interested in technology and 
that sense of fascination and wonder about this new exciting technology that is “just for them” 
motivated them to want to use it. One teacher explained that while it is important for students to 
continue to keep their “paper and pencil” written dictionary of math terms, her students “like 
technology” and using the SMD is a way to “keep them engaged.”  Another teacher commented 
that his students are “passive listeners” and if they “see a person signing on the screen they are 
going to be very curious and pay attention.” Students affirm this when they say, “ I love the 
signing on the computer.” 

 
 

Increased Anytime-Anywhere Learning—Teachers and students found that they had 
one assistive tool that they could use in a variety of ways in a range of settings. Teachers who did 
not have a classroom computer could project the SMD on a whiteboard or SmartBoard and use it 
individually, in groups, or with the whole class. Students found they could use the dictionary 
effectively when working individually or with a partner in the classroom with a laptop computer 
or with computers in a computer lab setting. They could also install the Avatar plug-in on their 
home computers and use it as a resource for completing homework or studying for vocabulary 
tests and quizzes.   
 

Increased Access to Standard Signs for Math Terms-Often considerable class time is 
spent inventing signs for math terms because the teacher, students, and interpreter do not know 
their signs or because there are for many technical terms do not exist in ASL. The SMD provides 
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signs in combination with fingerspelling that has been carefully researched and can be trusted. 
One teacher explained that she and another teacher used the SMD to learn the signs for term they 
did not know or to check the signs they used.  She said, “I like this idea of standardizing signs 
around the country.” Another teacher reported, “After the interpreters saw the SMD, they 
requested that it be installed on all of the computers in their offices.  They said they would use it 
to check the signs they use or find signs for math terms they did not know or weren’t sure of.” 

 
 
Research Questions 4 and 5 

Although teachers were able to learn how to use and integrate, the SMD into their lesson 
plans with very few challenges or obstacles, they did encounter a few items worthy of noting 
(Research Question 4). They also suggested several directions for future development (Research 
Question 5). These are described below.  
 

Technical Obstacles—Since the SMD is PC-based, MacIntosh users must have 
VMWare or Parallels installed to see the text elements signed. This can take a considerable 
amount of time and integration between teacher and technical support staff. In cases where the 
number of classroom computers is limited or there is only one computer per class, teachers must 
use the SMD in the computer lab or use an LCD projector or TV monitor to display it from a 
single classroom computer. As is evident from the case studies, this worked out very well. 
However, there were minor issues with installing the software in the computer labs due to 
internal firewalls preventing the download of the plug-in.  
 

Signing Challenges—Although a few of the signs— equation, expression, amount, 
example— were signed differently than in the SMD, teachers and students found the signing 
accurate and easy to understand. Although facial expression and finger spelling are important 
components of ASL and used appropriately in the SMD, some schools do not emphasize either 
element. Site 2 is such a school. For this reason, it took their teachers and students a bit of time 
to get used to the signing and to the robotic nature of the avatar characters.  
 

Directions for Future Development 
Add More Terms—Teachers requested addition of the following terms: reflex angle, 

rectangular prism, similar, rotation symmetry, reflection symmetry, net, surface area, prime 
factorization. The majority of these terms have been added to the Signing Math Pictionary 
(SMP). This dictionary is under development and will be offered as a companion to the SMD.  
 

Create a Full MacIntosh Version—Although this would be ideal, it is not technically 
feasible. This is the case with many applications developed to meet the needs of learners who are 
deaf and hard of hearing. A reality is that it requires schools to implement technology and 
teacher support that enable access and use of these cutting-edge materials. 
 

Offer Mobile Versions—An iPod Touch version of the SMD is now available from the 
iTunes store.  
 

Create Game-like Options—Teachers would like to have the interface extended to allow 
them to create their own “games.” For example, they would like to be able to program an 
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individualized set of terms and definitions that are signed and then have students guess the term 
or vice versa.  
 

Summary of Findings 
 
 These case studies of first-time users of the SMD show that it has the potential to add 
value to teachers’ teaching and to students’ learning when used as an assistive tool. It gives 
students in grades 4-8 who are deaf and hard of hearing access to mathematics content in their 
own language; enables them to work independently and decreases dependence on teachers; 
incorporates interactive features that promote individualized instruction for a wide range of 
learners with varying levels of hearing loss and learning challenges; helps students acquire the 
vocabulary knowledge needed for success on standardized tests; incorporates English Language 
Arts (ELA), and literacy skills into math learning; uses cutting-edge technology that motivates 
and entices students’ interest and curiosity to learn math; can be used in the classroom, computer 
lab, and at home; and includes standard signs for technical math terms that teachers and students 
often do not know. 

The studies also show that teachers are able to creatively integrate the SMD into their 
teaching using SmartBoards and projection devices to teach to the whole class or using desktop 
computers to teach to individual students. In either setting, integration of the SMD into their 
lessons was useful from an instructional viewpoint as well as from the viewpoint of students who 
found it “awesome” and “fun.”  

The challenges and obstacles to using the SMD for first-time users were few. In sum, it 
proved an effective resource for reviewing math vocabulary already learned for class or state 
assessments and for completing math tasks and activities such as solving word problems, 
completing worksheets, and doing computation. All of the teachers plan to continue to use it and 
to explore ways to implement it that enhance their students’ learning and deepen their 
mathematics understanding.  
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Appendix 

 
Pre-use Classroom Observation Guide  
 
Teacher:      Date:  
School:       City:     
Grade:         Study Focus/Activity 
Observer:                                        Length of Observation:  
 
1. Describe the classroom discussion. Include examples of questions, responses and statements. 
 
2. Describe the activities the students/teachers are conducting. 
 
3. Record teacher comments/student interactions. 
 
4. Record student comments/examples from their work. 
 
 
SMD-use Classroom Observation Guide  
 
Teacher:      Date:  
School:       City:     
Grade:         Study Focus/Activity 
Observer:                                        Length of Observation:  
 
1. How is the dictionary introduced? 
 
2. Describe the classroom discussion. Include examples of questions, responses and statements. 
 
3. Describe the activities the students/teachers are conducting. 
 
4. Describe how students are using the dictionary (to access science text materials, Web content, writing 

or other communication, etc.). 
 
5. Record teacher comments/student interactions 
 
6. Record a student comments/examples from their work. 
 
 
Teacher Interview Protocol 
 
1. Tell me about your classroom setting?  
 
2. What materials, texts, resources, or websites do you use to teach math? 
 
3. How did you learn how to use the SMD? What instructions or resources helped you understand how to 

use it? What did you like initially about it/dislike? 
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4. How long did it take you to learn how to use the SMD? Was it easy? What did you initially like about 
it/dislike? 

 
5.  Did you have any technical difficulties or challenges getting it set up to work or learning to use it? 
 
6. What math unit or topic(s) did you decide to do using the SMD?  
 
7. How did your students learn to use the SMD? What instructions, resources, or activities helped them?  
 
8. How did your students use the SMD?  
 
9. Tell me about today’s class or a class in which you used the SMD.   
 
10. What challenges or difficulties did you face integrating the SMD into this or other math activities? 
 
11. How does the SMD help you teach math?  

 
12. What is the value the SMD adds for you? 
 
13. What are one or two important things the SMD enables that you could not do before? 
 
14. What suggestions do you have for additions or changes that might improve the SMD? 
 
 
Student Feedback Survey  

 
1. Which of the following describes how you used the SMD? 
o Review math words and definitions that I already know 
o Learn new math words and definitions  

 
2. Which of the following best describes how you used SMD in your math class? 
o I used the SMD to fill in or complete a worksheet.  
o My teacher used the SMD to teach new math words and signs, or review.  
o I used the SMD to look up words for a project or assignment.  
o Other: Please describe what you did. 

 
3. Did the SMD help you learn definitions that you didn’t know before? 
o Yes Give an example. 
o No 

 
4. Did the SMD help you learn any new signs that you didn't know before?  
o Yes  Give an example. 
o No 

 
5. Use the choices below to complete the sentence (check all that apply).  

Using the SMD helped me to: 
o Learn the definitions of words. 
o Learn how to sign words. 
o Learn the parts of speech. 
o Use pictures to learn the definitions of words. 
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o Tell what I know. 
o Ask a question. 
o Do my homework. 
o Explain something to someone. 
o Other  Give an example. 

 
6. How helpful were the pictures in the SMD (pencil icon)? 
o Very helpful 
o Somewhat helpful 
o Not helpful at all  
Give an example of a picture that helped you to learn or understand a term or definition: 

 
7. How easy was it to find information in the SMD? 

o Very easy 
o Fairly easy 
o Somewhat difficult 
o Impossible 

 
8. Did you find everything that you were looking for? 

o Yes 
o No 
Why were you unable to find what you were looking for? 
o It was not there. 
o It was hard to find so I gave up. 
o Other (please explain): 

 
9. If you could, would you like to use the SMD again at school? 

o Yes 
o No 

 
10. If you could, would you like to use the SMD at home? 

o Yes 
o No 

 
11. What did you like most about using the SMD?  
 
12. What didn’t you like about using the SMD?  
 
13. What do you think would make the SMD better? 
 


