Jean M. Shaw,
Conn Thomas,

fAnn Hoffman, and
Janis Bulgren

USING CONCEPT

DINGRAAMS

TO PROMOTE UNDERSTANDING
IN GEOMETRY

he NCTM’s Curriculum and Evaluation
Standards for School Mathematics (1989) and
the van Hiele model for geometric thought
(Crowley 1987) advocate increasing students’ un-
derstanding of geometric properties and relation-
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Students reveal their understanding of geometric figures by completing a concept diagram.

ships as they enter the intermediate and middle
grades. Such understanding requires that students
comprehend the attributes of geometric figures and
develop clear concepts of those figures. Concepts
are the building blocks, or foundations, on which
more complex ideas are established. Students who
understand geometric concepts are better equipped
to generalize and to transfer their knowledge than
students who have merely memorized definitions.
Students develop concepts in many ways. Fo-
cused and informal discussions and group work
assist learners in dealing with concepts. Experi-
ences with manipulatives and models help them
develop and assimilate geometric ideas. Attention
to examples and nonexamples enhances students’
abilities to refine their thinking about concepts.
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Using Concept Diagrams

Using concept diagrams is one way to promote
understanding the ideas of geometry. Such dia-
grams help students construct and clarify concepts
through definitions, characteristics, and examples.
These diagrams offer a framework that enables
students to organize their thinking. The parts of a
concept diagram are described as follows (Bulgren
1986).

« Concept name: The concept name is a word or
group of words that identify a category or class.

« Definition: The definition states characteristics
that are always present in the concept and shows
how they relate and connect.

« Characteristics: Three categories of characteris-
tics are included in the concept diagram. First are

those characteristics that are always present—
essentially, the definition. Second are those char-
acteristics that are sometimes, but not always,
present. Third are those characteristics that are
never present. The characteristics used in a con-
cept diagram must be meaningful and varied.
Examining the characteristics assists students in
clarifying the concepts.

Examples and nonexamples: Examples further
clarify and enhance an understanding of the con-
cepts. Each example must illustrate the character-
istics identified in the “always” category. Ex-
amples are used to show learners what a concept
is; nonexamples help to show them what a con-
cept is not. Figures 1 and 2 are examples of
concept diagrams.

If middle- and upper-grades students are already
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Deductive-reasoning concept diagram for prism
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somewhat familiar with the definitions for geomet-
ric terms, teachers can encourage deductive rea-
soning, as illustrated in figures 1 and 2. Concept
names and definitions are presented to students, or
students use the definitions found in their textbooks.
For example, the definitions given in figures 2 and
4 come from The Mathematical Experience, Level
7 (1992, 448). After reviewing a definition, stu-
dents work in groups and make a concept diagram,
filling in the characteristics and the examples and
nonexamples. The students then check the charac-
teristics and examples by reviewing the definition.
They will note that the “always” characteristics are
found in the definition. Their examples may also
include some characteristics from the “sometimes”

category but no characteristics from the “never”
category.

To further check their examples against the char-
acteristics, students draw a connecting line from
each example to the characteristics, as shown for
one example in figures 3 and 4. When checking
their examples, students should mark plus signs on
the “always” characteristics and minus signs on the
“never” characteristics. They should examine the
“sometimes” characteristics and mark plus signs or
minus signs to indicate which characteristics are
present. As students compare and contrast their
examples, they will recognize the variations and the
uniqueness of each example. They will see that
not all squares are the same size and that not all
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Deductive-reasoning concept diagram for square
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squares have the same orientation in the plane. All
the examples of squares, however, exhibit the
“always” characteristics and none of the “never”
characteristics.

At this point, the diagram serves as a basis for
communication. Groups of students compare
their examples and nonexamples and their use of
plus and minus signs. Groups compare their
pencil-and-paper diagrams. They gather around and
talk through their diagram using manipulatives
or models. If each group draws a diagram on a
transparency, group members can present and
compare their results as the whole class looks
at each diagram. Presenters could invite their
classmates to evaluate their ideas by testing them
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against models and sketches. Thus the
concept diagram constitutes a basis for self-
verification, testing ideas, and checking for
understanding.

Teachers can also have students use inductive
reasoning to generate their own definitions.
An inductive format is helpful when students are
somewhat familiar with examples of a concept
but are less knowledgeable about the definition.
The inductive format, shown in figure 5, is created
by reversing the order of the deductive-reasoning
concept diagram. Examples and nonexamples
are given first, then the three types of characteris-
tics are generated. Students next build and word
the definition, deriving it from the characteristics
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Deductive-reasoning concept diagram for prism
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that are always present. This process allows
students to examine the examples and characteris-
tics closely and create a definition and a concept
name.

Advantages of Using
Concept Diagrams in
Mathematics

The use of concept diagrams can benefit both teach-
ers and students. For teachers, thinking about a
diagram clarifies the concept before they present it
to students. The diagram assists the teacher in
organizing examples and forming questions to
prompt students’ thought. The process also helps
the teacher to think about essential information and
to organize learning examples that help students

develop and internalize the concept. In addition,
using concept diagrams allows the teacher to ob-
serve students’ ways of reasoning and their depth
of understanding. Misconceptions may show up
as students generate, discuss, and verify concept
diagrams. Teachers can then clear up those mis-
conceptions.

Concept diagrams involve intermediate-level stu-
dents in reasoning processes that are vital to math-
ematical understanding. Diagrams help students
visually organize important concepts and share their
thinking with others. The diagram’s concise format
appeals to students faced with acquiring many new
concepts. Relationships among definitions, charac-
teristics, and examples are clearly evident. The
diagram complements and supplements work with
manipulatives by helping students recall, organize,
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Inductive-reasoning concept diagram for line symmetry
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and comprehend the knowledge gained in working
with physical objects.

Part of a student’s becoming “mathematically
independent” is reflecting on and clarifying her or
his own reasoning. As students check all the charac-
teristics and examples in their concept diagrams,
they show and discuss the uniqueness and appropri-
ateness of their examples, thus taking part in clear
and logical thinking processes.

Conclusion

The inductive and deductive formats in concept
diagrams help students picture ideas in organized
ways. Concept diagrams can be used with upper
elementary and secondary students in any aspect of
geometry. Teachers will find ways to employ con-
cept diagrams to enhance students’ thinking and
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reasoning abilities in other areas of mathematics as
well as in other subjects that require the under-
standing of concepts.
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