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Students may excel in computation, but their ability to apply 
their skills will suffer if they do not understand the math 

vocabulary used in instructions and story problems. This action 
research project examined two methods for strengthening 

students’ ability to communicate mathematically. 
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L earning math is like learning 
a new language. All languages 
have their own vocabulary, and 
mathematics is no exception. 
Unlike common English, which 

students hear, see, and use daily in reading, 
watching television, and conversing, the 
language of mathematics is limited largely 
to school (Thompson and Rubenstein 
2000). Principles and Standards for School 
Mathematics (NCTM 2000, p. 60) states 
that students who have opportunities, 
encouragement,  and support  for 
speaking, writing, reading, and listening 
in math classes benefit because “they 
communicate to learn mathematics, and 
they learn to communicate mathemati-
cally,” which helps children be successful 
in math class. 
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Vocabulary instruction is as important to 
math comprehension as it is to reading compre-
hension, especially because so much of today’s 
math instruction and testing are administered 
using story problems. No longer are students 
expected to calculate a numerical problem only. 
First, they have to figure out which operation to 
use by making sense of the structure of the word 
problem. Part of that sense making involves 
understanding the vocabulary in the word prob-
lems. Although students may excel in computa-
tion, their ability to apply their math skills will 
suffer if they do not understand the vocabulary 
of mathematics used in instructions, story prob-
lems, and problems that use math vocabulary. 
Therefore, effectively teaching mathematics 
vocabulary as an essential part of their everyday 
instruction is imperative for teachers. 

Many authors have suggested general strat-
egies to promote vocabulary development. 
These include encouraging cooperative learn-
ing, using journal writing, and having students 
develop personal glossaries (Rubenstein and 
Thompson 2002). Two graduate students who 
teach fourth grade at the same elementary 
school completed an action research project 
using different methods to teach math vocabu-
lary. One used journal writing and peer discus-
sion about the math vocabulary word of the 
day. The other teacher employed a modified 
Frayer model with a place for the student to 
draw a picture illustrating the vocabulary word 
of the day. At the end of the action research 
project, both teachers reported students’ 
increase in the recall of definitions in a vocabu-
lary survey and test scores of word problems 
incorporating the math vocabulary. 

Method 1: Journal writing  
and peer discussion
The first strategy involves students writing in 
their math journals to explain their thought 
processes, which allows students time to think 
about the meanings of the words and explain 
them in their own words with the connections 
they have made. Teachers can read students’ 
journals or have students orally share their 
writing in the classroom to check for accuracy 
(Wilcox and Monroe 2011). By bringing writ-
ing to math class, Carter (2009) found that 
she could determine what her students were 
thinking mathematically. Children have an 

Every day for five weeks, students in the class that used 
the modified Frayer model analyzed a fourth-grade math 
vocabulary word using one of their thirty visual vocabulary 
activity sheets to define the word, write examples and 
nonexamples, and then draw a picture that would help them 
connect to the correct definition. 
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Picture 

Some students used 
dry erase boards  
to draw their  
adaptation of a 
Frayer model.
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easier time fi guring out the meanings of words 
through personal interaction rather than read-
ing word definitions from a book or paper. 
Therefore, creating a classroom environment 
of learning and acceptance is necessary for oral 
communication strategies to be effective. 

Method 2: The modifi ed 
Frayer model 
When teaching vocabulary, the Frayer model 
is a popular graphic organizer to implement. 
It includes a box for the word being defi ned, its 
defi nition, characteristics, examples, and non-
examples (see fi gs. 1 and 2). Frayer and her col-
leagues at the University of Wisconsin designed 
this graphic organizer to provide for a thorough 
understanding of new words (Frayer,  Frederick, 
and Klausmeier 1969). The original Frayer 
model used words to break down unfamiliar 
vocabulary, whereas this study model included 
a step whereby students drew a picture of their 
connection with the word to help them make 
a visual memory for later use on math tests 
with word problems. Foster (2007) found that 
having students employ the reading strategy 
of visualization and drawing pictures of the 
math vocabulary enabled them to connect 
with the text; pictures helped them show their 
understanding. When a teacher uses verbal and 
visual strategies at the same time, students who 
are oral or visual learners benefi t (Thompson 
and Rubenstein).

Conducting the action 
research study
Both teachers involved in this action research 
were graduate students completing their cap-
stone project. Each taught two classes of fourth 
graders and used the same vocabulary list of 
thirty words based on the school’s adopted 
math curriculum. A math vocabulary survey 
(see online appendix A) was administered to all 
the students to determine their previous knowl-
edge of particular math vocabulary words. Stu-
dents were to read the word and decide if they 
knew it. If they did not know the word at all, 
they were instructed to place a check mark in 
the column labeled “I do not know this word at 
all.” If they had seen the word before but could 
not give the defi nition, they were instructed to 
place a check mark in the appropriate column. 
If students knew the vocabulary word well, they 

were to write the defi nition in 
the last column. The teachers 
checked students’ work for cor-
rect defi nitions because students 
sometimes thought they knew the 
meaning of a word when they did not. For 
example, one student wrote, “Addend means 
I ‘addend’ school everyday” instead of attend 
school every day.

A fourth-grade math pretest and posttest 
was constructed that incorporated all the 
mathematical vocabulary words that were 
taught in the classroom during the data collec-
tion period. The test consisted of twenty-four 
problems using math vocabulary (see online 
appendix B for nineteen of those questions).

The Graphic Organizer task took students no longer than 
20 minutes each day to work on a new word and review 
the past words. This included time for the teacher to check 
student work and identify misconceptions. 
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Method 1 procedure
The following procedure was applied by the 
teacher, using the journal writing and peer dis-
cussion method.

1. Each day for fi ve weeks, students were 
explicitly taught one or two mathematics 
vocabulary words from the vocabulary list 
(see online appendix A for an example).

2. The teacher wrote the word and defi nition 
for students to copy into their math journal. 
Students were asked each day to write in 
their math journals what they knew about 
the word and how it was used in mathemat-
ics, based on information given by the 
teacher. If a student was having diffi culty 
journaling, the teacher would ask leading 
questions to help scaffold students’ ideas.

3. Students were also asked to “turn and 
teach” to their partner the vocabulary word 
or phrase of the day and how it is used 
mathematically. 

4. This turn-and-teach strategy happened 
at random times throughout the day. The 
teacher would listen in on the conversa-
tions to be sure students were on task and 
were explaining the vocabulary correctly. If 
something was being said incorrectly, the 
teacher would redirect the conversation.

5. The teacher reviewed previously learned 
vocabulary throughout the data collection 
period. The teacher also reviewed the math 
journals to be sure information was being 
recorded and explained.

Method 2 procedure
Students in the class that used the modifi ed 
Frayer model had thirty visual vocabulary activ-
ity sheets enclosed in a folder for organization 
(see online appendix C for a sample sheet). 
This form had four sections: a defi nition box, an 
example box, a nonexample box, and a picture 
box for their drawings. Each day for fi ve weeks, 
students analyzed a fourth-grade math vocabu-
lary word by using the required form to defi ne 
the word, write examples and nonexamples, and 
then draw a picture that would help them con-
nect to the correct defi nition. The whole task did 
not take more than 15–20 minutes each day to 
work on a new word and review the past words. 

The daily process was as follows:

1.  The teacher wrote the vocabulary word with 
the defi nition on the board.

2.  The teacher read the word and defi nition 
while students copied it in their folder.

3.  As a group, they discussed the word and 
came up with examples that they could 
use to describe or demonstrate the word 
of the day.

4.  Students copied the information from 
the board, and then they drew their own 
examples of what the math word of the day 
meant to them.

5.  The teacher circulated around the room 
to make sure students had copied the 
information correctly and had created their 
own example.

6.  When folders had been collected, the 
teacher asked for oral defi nitions for each of 
the words that had been given to students 
up to that day.
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7. 	If a student gave part of the definition, the 
teacher prompted him or her to finish so 
that the entire class would benefit from 
hearing the definition again.

Results and observations
The findings of this study indicate that both 
methods, journal writing with peer discussion 
and the modified Frayer model, had a posi-
tive effect; students increased their scores on 
both the posttest and the vocabulary survey. 
The teachers observed that while attempting 
the pretest, many students were flustered and 
frustrated, displaying little work because the 
vocabulary in the problems was so unfamiliar 
to them. However, during the posttest, many 
students finished the test quickly. The teacher 
observed that students who had used the Frayer 
method were drawing visual clues on their test 
to remind themselves what the questions were 
asking them to do, and then they were answer-
ing the problems correctly.

All eighty-four students using both methods 
increased the number of correct answers on the 
posttest, with the exception of five students who 

used journal writing and peer discussion, two of 
whom were English language learners (ELLs). 
The teacher concluded that journal writing and 
peer discussion did not prove to be effective for 
ELLs because of their difficulty with writing and 
speaking. Conversely, a visual strategy would 
have been a more advantageous strategy for 
them to demonstrate their understanding of 
the words. 

Because many of the words were new to 
the students, the vocabulary survey had been 
administered to students anonymously to avoid 
anxiety. For the journal writing and peer discus-
sion group in the presurvey, students’ knowl-
edge of the words increased by 26 percent on the 
vocabulary postsurvey, and students using the 
Frayer model increased their knowledge of the 
words by 17 percent. 

The teachers observed that student motiva-
tion was a limitation for both methods. For the 
journal writing and peer discussion method, 
the teacher noticed that students enjoyed the 
turn-and-teach part of the lesson; therefore, she 
would ask them to do this at any time through-
out the day, motivating them to remember the 
meanings of the words. Journal writing gave the 
teacher an opportunity to read what a student 
was thinking. As an example definition of the 
vocabulary word compatible, a student wrote, 
“numbers that are easily added or divided.” 
The student showed understanding by writing, 
“When adding compatible numbers, the num-
bers that will make a ten. In division, compatible 
numbers divide evenly and there are no remain-
ders.” The student related the word to compat-
ible in real life, meaning “to get along together.”

For the Frayer model strategy, the teacher 
observed that in the first couple of weeks, 
students showed interest in the process of 
the activity. Some showed great detail in their 
illustrations of a classroom (see fig.  1), but 
the student who drew the example in figure  2 

These girls are using 
the turn-and-teach 
strategy for the 
math vocabulary 
word perimeter.
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Appendix A, B, and C are attached to the end of 
this article online.

exhibited deep conceptual understanding of 
subtraction with the drawing of two hands and 
fewer fi ngers shown on one of the hands. How-
ever, after students had acquired a signifi cant 
number of words, they would struggle with 
remembering the defi nitions. The Frayer model 
strategy sometimes seemed rushed, and time 
constraints did not always allow for slower-
paced students to complete the task. After the 
action research project was over, the teacher 
assigned a vocabulary word to a student for 
homework using the Frayer model method, and 
the student taught it to the class the next day. 
This adaptation allowed this student more time 
to complete the work, which is always a concern 
in the classroom.

Recommendations for 
vocabulary instruction
The teachers learned that they are going to 
explicitly teach math vocabulary in the future 
using both methods because students devel-
oped conceptual understanding of the math 
vocabulary. The teachers found that using a 
visual strategy can be helpful with the compre-
hension of problems using math vocabulary. 
Too often, teachers forget that teaching their les-
son verbally without using some visual cues may 
not help the visual learners grasp the required 
math concept.

Varying strategies with vocabulary is recom-
mended, because some words lend themselves 
to being illustrated and therefore would work 
better with the modifi ed Frayer model. Other 
words are better suited to be written about in 
students’ journals and discussed with peers. For 
example, addition is much a easier vocabulary 
word to illustrate than approximate. 

Both teachers plan to use the vocabulary 
teaching strategies to keep students’ interest 
and attention and to reach all types of learners. 
Because it was action research, the teachers 
were required to use only one method, but to 
achieve greater student mathematical success, 
both plan to be more direct in teaching the lan-
guage of mathematics by using both strategies. 
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