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Abstract

Concept maps are a tool developed at Cornell University, designed
for use as a metacognitive strategy, or a general strategy, that helps the
student "learn how to learn." The goal of this paper is to illustrate how
concept mapping can be used to integrate multidisciplinary subject
matter, assist the teacher in understanding the knowledge base of the
student, reveal misconceptions or missing conceptual links, help resolve
communications problems between the student and the professor, and
encourage reflective thinking by all participants in the learning process.
Three specific teaching situations are presented: 1) preparation of class
materials, 2) communication with students in the classroom or the office,
and 3) training of a teaching assistant. Examples of actual concept maps

drawn by the author and her students are included.



Concept Maps: A Tool for Teachers and Learnersl
Deborah H. Streeter

Department of Agricultural Economics
Cornell University

Introduction

It has been said that the primary determinant of what students
learn is what they already know (Ausubel, 1968). Yet, as teachers in
economics and other fields, we typically focus on content, that is, what
facts and "knowledge" are to be imparted to our students. However,
without a sound conceptual framework, students will be unable to
internalize the content of lectures and materials. Memorization may be
achieved, but meaningful learning will not be facilitated.

Concept maps are a tool developed at Cornell University, designed
for use as a metacognitive strategy, or a general strategy that helps the
student "learn how to learn” (Novak and Gowin, 1984). Maps are
constructed by linking concepts (labels used to represent perceived
regularities in events or objects) with connecting words (propositions or
units of psychological meaning).

Concept mapping evolved in response to the need for faculty to
assess more carefully the conceptual knowledge initially held by the
-students and to monitor changes in that framework as learning

proceeds. However, more broadly viewed, concept mapping can be used

1 This paper was presented by Deborah H. Streeter at the

Conference on Teaching Economics: Instruction and Classroom-
Based Research, Robert Morris College, Pittsburgh, February 8-9,
1991.



by teachers to articulate better their own conceptual framework, by
students to analyze readings and other course materials, and by teaching
assistants in communicating with the faculty and/or students.

In previous research, concept mapping has been used to study
assimilation of science concepts over time (Novak and Musonda),
conceptual knowledge of primary grade children (Symington and Novak,
1982), reduction of anxiety in learners in Nigeria (Jegede, Alaiyemola and
Okebukola, 1990), and curriculum development (Starr and Krajcik,
1990). More recently, Beissner (1991) showed that subjects who used
concept mapping to study a text passage were better able to solve
problems based on the passage than students who did not use concept
mapping to study.

The goal of this paper is to illustrate how concept mapping can be
used to integrate multidisciplinary subject matter, assist the teacher in
understanding the knowledge base of the student, reveal misconceptions
or missing conceptual links, help resolve communications problems
between the student and the professor, and encourage reflective thinking
by all participants in the learning process. To achieve this goal, three
specific teaching situations are presented in which the author made use
of concept mapping: 1) preparation of class materials, 2) communication
with students in the classroom or the office, ahd 3) training of a teaching
assistant. The examples are drawn from a course and several
independent study projects in the areas of decision analysis and
information systems. This paper includes actual concept maps drawn by
the author and her students and the discussion includes reflections on

the advantages and drawbacks of the concept mapping tool.



More on Concept Maps

A concept map is not an outline or a flow chart, but is a schematic
device that uses visual imagery to show hierarchical relationships.
Because concept maps are nonlinear by design, they can promote
integrative and reflective thinking.

Creating a concept map is an iterative process. The first step is to
write a list of the basic concepts and sketch out a map showing the
primary relationships. The most general concepts should be at the top of
the map, with less general concepts extending. Connective phrases and
arrows are used to clarify the linkages. The first step of a map of farm
information systems is illustrated in Figure 1. Once the basic structure
is in place, details and linkages are added to the map. For example, in
Figure 2, the various fields contributing to the study of information
system are added, and linkages between decision-making activities and
information system advantages are made. The map now shows that
while aspects like speed and timeliness impact implementation tasks,
flexibility is important for planning tasks. Finally, cross linkages are
added that might help integrate different areas of the map. Cross
linkages in Figure 3 show the connections between decision-maker
characteristics and decision-making. The map shows how the amount of
human capital, time and money a manager has will affect the type of
decision-making he or she can carry out.

A fully developed concept map is found in Figure 4. Looking at
this map about concept mapping, you can begin to see how relationships
among ideas and concepts are communicated efficiently in a map. For

example, this single map illustrates the importance of prior knowledge in



building concepts, the impact of cognitive structure on learning, the
influence of context on the hierarchy of the map, and the use of

propositions to make linkages and cross linkages.
Three Real-World Applications

1. Preparing for class

This example is drawn from the author's experience in
designing an course in information systems and decision analysis. One
difficulty in preparing materials and organizing the course was
integrating material from many fields (economics, decision science,
management science, computer science, operations research,
psychology, and others) and choosing a course focus. Concept mapping
helped achieve integration and provided a frame of reference throughout
the course to keep the "big picture” in mind while concentrating on
smaller individual areas.

While many maps were drawn throughout the course, the map in
Figure 4 is the highest level map, showing the interrelationship among
the major course topics. The map reflects several important aspects.
Notice that the decision maker is at the center of the map. This
positioning reflects the author's viewpoint that in working with computer
technology it is essential to maintain the pivotal role of the human
thinker. In addition, in making and refining the map, it became clear
that there are important linkages between Herbert Simon's stages of
decision making and the various methodologies learned in the class.
Thus, when presenting the section on forecasting, the author links it
with the "intelligence" stage of decisions, where opportunities or

problems are identified.



When presented in class, the integrative map stimulated interest
and controversy as students argued for different or additional linkages,
or pointed out what they saw as missing concepts. Some thought that
the three stages, which had been so heavily emphasized in class, should
be at the center, with the decision maker at the top. Others wanted to
see stronger linkages between the organizational levels and other parts of
the map. Indeed, they revealed an area that had always been difficult to
integrate. Eventually, discussion of organizational levels was

deemphasized, as it did not easily link to other topics in the course.

2. Communicating with students
In working with both graduate and undergraduate students

the author has used concept maps to improve communication. For
example, a foreign student was having persistent problems focusing his
masters thesis. Language problems complicated the situation. After
teaching the student about concept’mapping, the author and the student
independently drew concept maps to depict the thesis topic. Together,
they were able to combine and refine a map that was agreeable to both.
In another example, an undergraduate was having trouble explaining
what he wanted to do in his independent study project. The concept
map he drew was jumbled and had some incorrect conceptual links. By
working through each part of the map, the student was able to focus
more carefully and begin his research.

" In a third case, the author was working on an independent study
project with two students. The project consisted of a directed readings
course, in the area of futures markets. It became difficult to assess

accurately whether the students understood every reading, because



meeting times were limited to a few hours a week. When required to
draw concept maps, the students could illustrate more easily their
knowledge of a particular reading, as illustrated in Figure 5. The map of
an article on financial futures is actually a composite work of the
students and the teacher. The map shown in Figure 6 was drawn by a
student to demonstrate mastery over several chapters in a book about
options markets. Within 20 minutes it became clear that the student

was well prepared and was ready for more advanced material.

3. Training a teaching assistant

A teaching assistant and the author were reviewing each
section of a course to be taught jointly. The concept maps of the author
served as a basis for discussion and eventually the teaching assistant
began drawing his own concept maps. By sharing these conceptual
frameworks, the teacher could be assured that the assistant was going
into the classroom with a sound foundation.

One of the maps drawn by the student is found in Figure 7.
Several misconceptions were uncovered, such as the idea that the
information used to revise probabilities (in a Bayesian analysis) is
deterministic rather than probabilistic. In a previous map, the student
omitted the linkage between risk and the probability estimates of the
decision maker. Another missing linkage was identified between
Bayesian Analysis and expected value of decision outcomes. Thus, the

map was a useful tool for dialogue between teacher and student.



Conclusion

The primai'y conclusion drawn from the experience of the author in
using concept mapping is that it is a useful tool for integration and
communication. It can be helpful in organizing course lectures and lab
materials, integrating concepts from different fields, focusing
independent study projects, promoting teacher/student discussion on
conceptual issues, and revealing new, missing or incorrect linkages. The
tool has some limitations. Drawing maps and sharing with others takes
time and practice. Moving from a nonlinear form to a linear (verbal)
presentation requires skill. Motivating students to learn and use concept
mapping can be a challenge initially. Using maps in a classroom setting
takes considerable skill and requires that the students feel that they will
not be punished for giving "wrong" answers.

Workshop participants with small and large classes should find
this topic of interest. Although in teaching economics, we tend to use
mathematical or graphical relationships routinely to present concepts,
students often have difficulty understanding all the conceptual
relationships in a introductory or upper level economics course. Faculty
interested in strengthening their own presentation of the conceptual
framework, or assessing more clearly the student's conceptual

framework, will find concept maps a useful and interesting technique.
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Figure 4
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Figure 7
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