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Making Connections with Concept Mapping:
A Tool for Under-Achieving Middle Grade Science Students

Donald Snead and Barbara Young

(Snead: Assistant Professor, Educational Leadership, MTSU;
Young: Associate Professor, Educational Leadership, MTSU)

Introduction

The goal to increase student learning in the
area of science is a fundamental concern of science
teachers. The National Science Education
Standards (NRC, 1996) provides insights into
learning techniques, strategies, and other guidelines
for effective science instruction. Many of these
standards are in effect and have produced favorable
results. Data reported by the National Assessment
of Educational Progress (NAEP,

independent practices) for teaching unfamiliar
materials are successful for tasks that demand rote
memorization, they have not been shown to be
effective for teaching higher-order thinking,
enhancing problem solving skills, or helping
students build a foundation for learning scientific
concepts involving complex interactions (Von
Seeker and Lissitz, 1999). In other words, students
learn verbatim the facts with little or no
understanding of the nature or scope

2001) indicate that overall,
students in fourth and eighth
grades performed better in 2000
than in 1990 and overall, American
students showed academic
improvement in science. But, in
spite of enormous amounts of time,
effort, and money spent to
implement strategies suggested in
these Standards (NRC, 1996), the
problem of underachievement is
still of concern to science teachers.
Data from the NAEP (2001)
indicate eighth grade students are
performing at a lower level than
fourth grade students. Although,
test scores of minority students
with regard to middle grade
science are higher than they were
four, eight, or twelve years ago,
these scores still are not
acceptable.

Teachers agree science is a
complex discipline because it

In other words,
students must
make a conscious
effort to relate ¢
new knowledge
with what they
already know. .

of these facts (Novak, 1984).
Pendley, Bretz, and Novak
(1994) identified three major factors
that contribute to students’ failure to
understand scientific concepts. They
report that:
. Students are learning
predominantly by rote, rather than
actively seeking to construct their
own meanings for the subject matter;
Science content is
“conceptually” unclear to students,
and they fail to recognize key
concepts and/or concept relationships
needed to understand science; and
The instruction may fail to
present key scientific concepts or
concept relationships and thus
students remain conceptually opaque.

(-9

Asubel (1968) and other
researchers (Novak, 1977, Niehaus,

consists of a myriad of unfamiliar concepts
involving complex relations (Schmid and Telaro,
1990). Although some traditional instructional
strategies (i.e., lecture, recitation, drill, controlled
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1994) all agree that meaningful
learning involves more than rote memorization
without conscious effort to relate new knowledge to
what is already known. Ausubel defines



meaningful learning as “nonarbitrary substantive,
nonverbatim incorporation of new knowledge into
cognitive structure.” In other words, students must
make a conscious effort to relate new knowledge
with what they already know. Novak (1984)
defines meaningful learning as “cognitive
structure,” which is the “framework of knowledge”
that is sorted, stored, and allowed to grow and
develop in the mind over the course of a lifetime.
Niehaus (1994) relates meaningful learning to
grafting a plant stem into a different tree. The tree
accepts the plant stem and the stem is nourished,
grows, and becomes a part of the tree. Therefore,
meaningful learning occurs only when a learner can
connect new knowledge onto a pre-existing
framework. .

Therefore, in order for a student to actually
learn a concept in a meaningful manner, the student
must make a conscious effort to identify key
concepts in new knowledge and relate these
concepts to pre-existing concepts. Meaningful
learning, therefore, is evidenced when the student is
able to internalize new information and to apply the
new knowledge to other situations. For example,
students are engaged in a unit on weather. One
objective is to learn factors that contribute to
weather and predict weather patterns and weather
conditions based on these factors. If a student
simply memorizes verbatim that temperature,
humidity, air pressure, and cloud coverage are
weather factors without consciously thinking about
what and how these factors are interrelated, then
rote learning has occurred. Most likely students
will not understand how these factors collectively
create weather patterns and systems to form various
weather conditions. Therefore, students may
perform well on a recall level test, but such learning
has little practical value and actually may hinder
later learning (Novak, 1984).

Brief Literature Review
Several science educators recommend
concept mapping as an effective teaching strategy
for moving from traditional teaching (i.e., lecture,
recitation, drill, controlled independent practices)
toward teaching that fosters more meaningful
learning (Callison, 2001, Dorough and Rye, 1997,
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Mason, 1992, Novak, 1993; Al-Kunifed and
Wandersee, 1991; Okebukola and Jegede, 1988).
Lawless (1994) states that concept mapping is an
important technique because of its emphasis on
relationships between concepts, their nature, and the
visual display of these relationships. Because
middle school students do not in many instances
learn scientific concepts in a meaningful manner, it
follows that a technique such as concept mapping
should be explored in an effort to teach in a more
meaningful manner.

Several studies (Mohamed-Wafaied, 1997,
Willerman and MacHarg , 1991; Pankratius, 1990;
Jegede, and others, 1990; Hawk,1986; Novak, and
others,1983) have reported significant effects that
concept mapping has had on student achievement in
science. Still other studies (Snead, 2000; Novak,
1994; Penello, 1993; Schmid and Telaro, 1990;
Lehman, Carter, and Kahle, 1985) have reported
that students who used the concept-mapping
learning strategy perform better than students who
did not use concept mapping as a learning strategy.’

_ John D. Novak (1977), who is credited for
developing concept mapping, has studied the use of
concept mapping and how concept mapping affects
science teaching and learning, and he makes a
connection between concept mapping and
meaningful learning. He suggests that concept
mapping and meaningful learning: (1) involves the
assimilation of new concepts into existing
knowledge; (2) involves organizing knowledge into
structures for long-term memory transfer; and (3)
involves mental processes that help students think
more critically and more creatively.

What Is A Concept Map?

A concept map is a drawing that represents a
person’s understanding of a particular concept and
the concept’s linkage to other concepts and ideas
(Appendix A, See Figure 1). The concepts are
organized in a hierarchical arrangement from the
most general to the most specific (Okebukola, 1990;
Novak, and others, 1983). Lines are drawn between
concepts that the individual views as related.
Written on each line are words that express the
nature of the relationship between the adjoined
concepts. In other words, it is a drawing and a brief



description of how a student cognitively organizes
and relates certain concepts as shown in Figure 2
and Figure 3 (Appendix A).

The students’ ability to diagram the concepts
is the key to assessing their understanding of the
subject matter. Concept mapping allows students to
connect concepts in a variety of relationships, based
on their understanding of the concepts. Students
increase their understanding of subject content as
they search for personal meaning of concepts,
without which they cannot make connections in the
map.

There are no set ways to construct a concept
map. A simple method is for the teacher to give
students a list of related concepts and have them
construct a map, placing the most general concept at
the top and then showing successively less inclusive
concepts at lower positions in a hierarchical
manner. A second method is to have students
identify key concepts in text, from lecture notes or
other materials, and then use these concepts 10 form
a hierarchical map (Okebukola, 1990; Ault, 1985).
As shown in Figure 4 (Appendix A), a concept map
consists of three notable features:

13 Concept names written inside loops,
rectangles, or other shapes represent
concepts.

14 Linking lines show the connections between
two concepts.

15 Linking words, which label linking lines,
describe the relationships between concepts.

The uniqueness of using concept mapping in
science teaching results from its emphasis on
visualizing relationships between concepts. A
finished concept map is similar to a road map, with
every concept depending on others for meaning
(Mohame-Wafaie, 1997). Novak (1991) describes
concept mapping as a procedure for helping
students organize concepts 1nto meaningful
structures. Broody and Bartels (2000) suggest that
concept mapping is a valuable technique to help
foster learning because understanding involves
seeing a connection between explicitly defined
concepts.
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What Role Can Concept Maps Play in
Meaningful Learning?

Because concept mapping can improve and
facilitate meaningful learning, it may very well
prove to be an effective learning tool at the middle
school level and beyond to (1) engage in extended
science discourse, and (2) help students construct an
understanding of concepts.

Constructing concept maps is an excellent
activity that allows students to engage in extended
science discourse. When engaged in the mapping
process, the learner is forced to actively think about
the relationships between terms or concepts.
Mapping exercises require learners to think in
multiple directions and to switch back and forth
between different levels of abstractions. Mapping
forces learners to learn the language patterns of
science before locating the concept in the
appropriate place on the map. This aspect makes
concept mapping especially useful to studying
science because it moves learners away from simply
memorizing facts. The National Science Education
Reforms encourages the notion of learning science
as an active process and professes that such can
facilitate the central goal of having students
understand science content (NRC, 1996, Dorough
and Rye, 1997).

What Can Concept Mapping Achieve?
In several studies (Snead, 2000; Penello,
1993; Schmid, and others, 1990; Malone and
Dekkers, 1984), concept mapping was shown to
promote meaningful learning among
underachieving students (lower ability students) in
the following ways:

1. Organizing information on a topic.
Disorganized information is relatively
useless and difficult to understand. Useful
knowledge must be organized so as to
facilitate understanding and problem-solving
ability. The information-process system of
Jearning strongly emphasizes organizing
information into meaningful chunks to
enhance transfer into long-term memory.
Lower-ability students need cognitive tools
to construct hierarchical forms of knowledge
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organization. The information-process
system of leaming strongly emphasizes
organizing concepts (order information
about the properties of objects, events, or
processes) into meaningful chunks to
enhance transfer into long-term memory.
Concept mapping organizes knowledge into
categories and sub-categories so that it can
be remembered and retrieved. It is based on
the idea that concepts do not exist in
isolation but depend upon others for
meaning.

Motivate the study of a topic. Many public
school teachers who teach in low-
performing districts will agree that
motivation is lacking in most of the students
they teach. Behaviorism suggests that
learning can be increased through use of
incentives. Because incentives may be
central to learning, motivation may be
enhanced by incentives. One of the key
ingredients for incentives to learn is
accomplishment. Accomplishment or a
sense of accomplishment is derived when
students are more mastery-oriented than
social- oriented. Their goals are generated
by interest, challenge, and enjoyment of the
task. On the other hand, students who are
social-oriented focus on accomplishment
being derived from competing for rank,
avoidance of attention, or judgment.
Concept mapping allows student to develop
meaning and understanding from their own
ability levels while challenging them to
move to a higher level of thinking or
reasoning. There is no one way in which to
demonstrate who is the best or better in the
mapping exercise. Snead (2000) observed
that lower-ability students who engage in
concept-mapping exercises expressed
satisfaction or a sense of accomplishment
because of the immediate and frequent
positive feedback they receive from its use.
In this study, once students gained mastery
with the mapping process, they usually
received a grade of 80% or higher for
constructing a map. For many lower ability
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level students, a grade of this magnitude
was the best grade they had every received.
Furthermore, data from concept-mapping
studies indicate that concept mapping taps
different abilities and/or performance
characteristics than do conventional
measures (Novak, 1990; Schmid and Telaro,
1990). Thus, concept maps provide
feedback so students can actually “see” what
is known about the topic.

Encourages active participation and logical
reasoning. Concept mapping is process-
oriented; the user is forced to interact with
the target material while creating a map.
Mapping requires students to think in
multiple directions, engage in the “if-then,”
or deductive reasoning—moving concepts
back and forth, thinking about logical
arrangements, and thinking about the
relationships among concepts. This
approach avoids the esoteric nature of many
mnemonic techniques, but it allows for a
great deal of individualization.

Furthermore, data from three studies (Snead,
2000; Novak, 1990; Schmid and Telaro,
1990) indicated that concept mapping had
greater gains when students were involved
in performance-based activities, which were
measured through alternative assessments.
Because performance-based items/activities
require a higher order of thinking than recall
or comprehension levels, the demand of
logical/or higher ordered reasoning is
imperative.

Underscores personal interpretation or
creative expression. At the heart of science
reform is helping students to construct their
own understanding and connect it to relevant
knowledge. There is no one correct way of
doing a concept map. A completed map
undergoes many changes, and the final
product depends on its purpose and what
concepts and relationships are considered
important. For example, when students
construct a map, they are diagramming their
mental framework of a group of concepts.
In most cases, concept maps show students’




misconceptions or indicate valid, creative
thinking about the concepts.

Summary

Because it requires no special materials,
concept mapping is inexpensive. At first, however,
concept mapping may not be an easy task for
students to master. Students may even resist
learning and utilizing the strategy. The following
tips may be helpful in getting students started with
concept mapping (Baroody and Bartels, 2000):

e Begin with structural tasks and move
gradually to less-structured task. Give
students a simplified model of a concept
map alone with a list of concepts. Let
students perform a fill-in-task and come up
with their own proposition to write on the
connecting lines.

e Start with concept maps involving a few key
concepts. A simple map may be a labeled
connection between only two concepts.
Begin with a few key concepts. Have
students diagram three or four concepts in
an area. Additional concepts can be added
gradually as a topic is developed at more in-
depth levels.

e Work together as a class to get students
started on concept mapping. Teamwork
may build individual students confidence in
map construction. Teamwork will help
students to understand that individual
differences in maps are allowed. No two
students may diagram alike. In addition,
teamwork will provide immediate feedback
on the quality of a map and remind students
of any specific missing feature.

According to Brandwein (1991), science
teaching itself is not a science of the laboratory, but
a science of practice. Teachers generally agree that
critical thinking, reasoning, and problem-solving
skills are important results of teaching science.
However, the nature of teaching these outcomes
may not be as clear-cut as it seems. As discussed,
concept mapping is a strategy recommended by
several researchers to enhance meaningful learning.
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This strategy may prove to be quite effective in
encouraging and providing for meaningful learning
among middle-grade science students. It will
serve the middle grade science teachers/students
well to utilize this strategy, not as a “one-cure-for
all” strategy, but as a help to provide meaningful
learning experiences for all students.
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Figure 1

Figure 1. A simplified model for concept mapping (Moreira, 1979)
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Figure 2

Figure 2. A student generated concept map. 1
|
|
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Figure 3
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Figure 3. Student generated concept map on the water cycle
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Figure 4. A complex concept map showing relationship among numerous concepts.
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