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MATHEMATICAL
GRAPHIC ORGANIZERS

BY AL AN ZOLLMAN
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What is your first thought after read-
ing the fourth-grade state assessment 
problem in figure 1? What do you sup-

pose is a student’s first thought? 
Some students initially think of counting all 

the squares; some think of counting the distance 
around the kitchen. Others think of the differ-
ence between area and perimeter or of the units 
(feet versus square feet) for their final answer. 
Some see a rectangle with a missing section; 
some see three separate rectangles. 

These examples illustrate that thinking is not 
a linear activity. Often students and teachers 
sense—mistakenly—that mathematical prob-
lem solving must be accomplished in a certain 
order; that is, we must always first “identify the 
problem.” Such an approach limits the concep-
tual process of problem solving to a procedural 
method.

Background
As part of a math-science partnership, a univer-
sity mathematics educator and ten elementary 
school teachers developed a novel approach 
to mathematical problem solving derived from 
research on reading and writing pedagogy.  
Specifically, research indicates that students 
who use graphic organizers to arrange their 
ideas improve their comprehension and  

This alternative to 
standard four-step problem 

solving uses graphic 
organizers to give teachers 
quick, efficient diagnoses 

of students’ individual 
abilities and a comfortable, 

familiar method to 
facilitate instruction.

What are students’ first thoughts when they read this fourth-
grade assessment problem?

Below is a drawing of a small kitchen. Find both the length of the border 
needed to go around the kitchen walls, and find the area of tiling needed to 
cover the kitchen’s floor.
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strategies to later organize, analyze, and synthe-
size their knowledge. 

Students create the graphical-connection 
format. They do not have to process as much 
specific, semantic information to understand 
the information or problem (Ellis 2004). Visual 
organizer tools allow (and even expect) students 
to sort information as essential or nonessen-
tial, to structure information and concepts, to 
identify relationships between concepts, and 
to organize communication about an issue or 
problem (Zollman 2006).

Graphic organizers also aid in instruc-
tion and offer the teacher a quick, efficient 
diagnosis of the weaknesses and strengths 
in an individual student’s problem-solving 
abilities and skills (Zollman 2006). Having a 
graphic representation allows a teacher to 
quickly assess, both formatively and sum-
matively, each student’s work regarding lack-
ing concepts, deficient connections, weak 
procedures, faint justifications, or absent 
reflections.

Process
As part of a classroom action-research proj-
ect, ten elementary school teachers modified 
Gould and Gould’s (1999) four-squares writing 
graphic organizer to make a four-corners-and-
a-diamond organizer tool (see fig. 2) to use in 
a measurement unit with approximately 240 
third-, fourth-, and fifth-grade students. Teach-
ers worked with their students on using graphic 
organizers for short-answer, open responses 
to mathematical assessment problems that 
address the following five areas:

1. What do you need to find out? 
2. What do you already know? 
3.  Brainstorm possible ways to solve this 

problem. 
4. Try your ways here.
5.  Which response items should you include? 

What did you learn from doing this problem?

Teachers may recognize Pólya’s four-step 
problem-solving hierarchy embedded in the 
graphic organizer. Students often mistakenly 
think that problem-solving steps must be 
accomplished in a certain order. The math-
ematics graphic organizer does not imply this 
hierarchical procedure in the problem-solving 
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communication skills (Goeden 2002; National 
Reading Panel 2000). A graphic organizer is a 
visual representation of content classification 
(mind mapping), concept development (flow 
charts), and relationship comparisons (Venn 
diagrams). This article demonstrates the ben-
efits of using modified graphic organizers with 
ten classes of third- through fifth-grade math-
ematics students.

Benefits 
Graphic organizers work well  for the 
 elementary-level reading and writing learning 
process (National Reading Panel 2000). In fact, 
graphic organizers are widely used by elementary 
school teachers in the writing process (Ellis 2004). 
The spatial format shows crossover potential for 
meeting mathematics instructional goals. Stu-
dents can see relationships between and among 
information and concepts. They can brainstorm 
ideas without being concerned about correct 
order or solutions and can immediately record 
thoughts, information, ideas, relationships, or 

A major objective of elementary school 
math curriculum is for students to 
improve their problem solving (NCTM 
2000, 2006) by honing these skills 
(NCTM 2006, p. 10):

mathematics to solve problems.

logical reasoning to justify 
procedures and solutions.

and analyze multiple repre-
sentations to learn, make connections 
among, and communicate about ideas 
within and outside math.

Reading and writing graphic  
organizers have crossover potential to 
achieve math goals; their spatial format 
allows students to do the following:
 

relationships between and among 
information and concepts.

ideas without being con-
cerned about correct order or solutions.

thoughts, information, ideas, 
relationships, or strategies immediately 
to later organize, analyze, and synthe-
size them.

Meeting instructional goals
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process. Our organizer varies from Pólya’s in 
deployment, not in intent.

Students do not need the exact template of 
figure 2. After the first few uses, we have stu-
dents fold a sheet of paper into fourths and dog-
ear the inner folded corner. When they unfold 
the paper, they have five areas: four corner areas 
and the diamond in the center.

To accustom students to using graphic orga-
nizers, we place them in cooperative groups to 
share one large template. We present a problem 
and ask students to fill in what they know or 
“see.” Having them brainstorm together (with 
the graphic organizer as a recording device) 
works well. Students notice where they have 
many items filled in and where they are miss-
ing information. Students observe that they can 
fill in different areas of a graphic organizer (in 
a nonhierarchical order) before having a solu-
tion to the problem. In fact, filling in the graphic 
organizer leads students to possible solutions 
and well-communicated justifications.

After some experience using the graphic 
organizer, we had students help design abbrevi-
ated rubric criteria that include levels for math-
ematical knowledge, strategy, and explanation 
(see table 1). Then we gave them a mathematical 
problem with a written solution (on a graphic 
organizer). The class assessed this written 
solution using the rubric and made recom-
mendations. This process allowed students to 
reflect, with their teacher’s guidance, on various 
aspects of an effective, written problem-solving 
solution.

We modified Gould and Gould’s (1999) four-squares writing 
graphic organizer to include five areas. 
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What do you
need to find?

Four-Corners-and-a-Diamond Math Graphic Organizer

What do you already know? Brainstorm ways to solve
this problem.

Try it here.
List explanations you need 
to include in your extended-
response write up. 

Students helped design abbreviated rubric criteria that include levels for mathematical knowledge, 
strategy, and explanation.

 
How well did they do on the problem?

 
How well did they plan?

 
How well did they describe it?

4 They got everything correct. They got everything planned. They explained why they did everything.

3 They got almost everything correct. They got almost everything planned. They explained most of why they did things.

2 They got some of it correct. They got some of it planned. They explained some of why they did things.

1 They got a little of it correct. They got a little of it planned. They explained a little of why they did things.

0 They did not try. They did not try to plan. They did not try to explain.
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Problem-solving hierarchy 
(Pólya 1944)
1. Understand the problem.

2. Devise a plan.

3. Carry out the plan.

4. Review and extend.
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Differentiation
We found that our modified organizer works 
well with students at all mathematical levels. 
The tool provides multiple starting points for 
low-ability students to begin solving a problem, 
helps average-ability students organize their 
thinking strategies, and encourages high-ability 
students to improve their problem-solving com-
munication skills. As evidence, note one fourth 
grader’s maturation in figures 3 and 4.

Results
Teachers in our project did identical inves-
tigations involving open-ended problems in 

A student’s work on the perimeter-area problem shows maturation between
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measurement (perimeter and area problems) 
but used their own students as the subjects 
(see table 2). The district’s elementary school 
mathematics coordinator first worked with the 
teachers in using the state’s extended-response 
rubric in order to improve our teachers’ scor-
ing reliability. Collating all the teachers’ results 
from the 240 students shows an increase in 
achievement on open-response mathematical 
problem solving from 22 percent to 64 percent 
(MSTD 2006).

Specifically, of 12-point maximum scores, 
the average perimeter pretest score of 6.90 in 
the third grade rose to 9.50 on the perimeter 

(b) the postassessment sample. 

Below is a drawing of a small kitchen. Find both the length of 
the border needed to go around the kitchen walls, and find the 
area of tiling needed to cover the kitchen’s floor.

(a) the preassessment sample and 

Below is a drawing of a small room. Find the area of tiling 
needed to cover the floor.
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The same student derived a final written solution from the graphic organizer.
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posttest. And on the open-ended area problems, 
third graders’ scores went from 6.30 to 9.10. 

Similarly, fourth graders’ pretest scores of 
4.95 rose to 6.65 on the perimeter posttest. On 
area problems, fourth graders’ pretest scores of 
4.71 rose to 5.76 by the posttest. 

Comparable increases also occurred with 
fifth graders. Their average pretest score of 4.70 
rose to 6.89 on the perimeter posttest. Their 
average pretest score of 4.81 on the open-ended 
area problems rose to 7.90 on the posttest.

Teacher benefits 
Our ten teachers’ individual investigations had a 
substantial effect on their mathematics teaching 
practices. Studying their own students, they found 
the use of graphic organizers in mathematical 
problem solving to be efficient and effective for 
students at all achievement levels. Teachers saw 
that students who normally would not attempt 
open-response problems now had partial writ-
ten solutions. Students who normally did well on 
problems now had an efficient method of writing 
and communicating their thinking in logical, 
complete arguments. Teachers subsequently 
changed their instruction to include more writing 
in mathematical problem solving.

Another benefit of using mathematical 
graphic organizers was in teachers’ affective  
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Our teachers’ comfort levels while teaching mathematical 
problem solving increased dramatically after having their 
students use mathematical graphic organizers.

 

Teaching Problem 
Solving

 NC SU SC VC
 0 5 5 0

 NC SU SC VC
 0 0 2 8

Using the State Scoring 
Rubric

 NC SU SC VC
 2 4 3 1

 NC SU SC VC
 0 0 3 7

NC: Not at all Comfortable  SC: Somewhat Comfortable
SU: Somewhat Uncomfortable VC: Very Comfortable
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d o m a i n .  O u r 
teachers’ comfort 

levels while teaching 
mathematical problem 

solving increased dramati-
cally. Many of our teachers knew 

that problem solving was an 
important goal of school mathemat-

ics, yet their self-confidence was low 
when assisting students with problem solv-

ing. Using the graphic-organizer method, teach-
ers could allow students to be creative, and they 
could still follow their students’ thinking. Graphic 
organizers helped develop two-way communica-
tion between teachers and students. 

In particular, five of our ten teachers admit-
ted being somewhat uncomfortable with teach-
ing problem solving before using the graphic 
organizers with their students (see table 3). 

Afterward, two teachers stated that they were 
somewhat comfortable, and eight teachers said 
they were now very comfortable teaching prob-
lem solving to their students. 

Initially, six teachers reported that they did 
not feel comfortable using the state scoring 
rubric in assessing students’ extended responses 
on problem solving before using the graphic 
organizer. Later, all ten teachers were either 
somewhat comfortable (three) or very comfort-
able (seven) scoring students’ work according 
to the state mathematics rubric for problem 
solving, thus developing a strong sense of con-
fidence in their ability to use the state scoring 
rubric (MSTD 2006). 

Closing thoughts
We already knew from research that graphic 
organizers work well with elementary school 
students in the reading-writing process (National 
Reading Panel 2000). Although our data are self-
reported, we have demonstrated that a good 
learning strategy for reading and writing is also 
an effective mathematics teaching method. For 
our mathematics students, graphic organizers 
have overlapping effects in connecting, com-
municating, justifying, and solving mathematical 
problems. For our mathematics teachers, graphic 
organizers offer quick, efficient diagnoses of indi-
vidual students’ problem-solving abilities, skills, 
strengths, and weaknesses in a comfortable, 
familiar, problem-solving instructional setting. 
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 A full-sized mathematics graphic organizer 
template (see ) is appended to the online 

version of this article at .
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