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Concept Maps in the Mechanical Engineering Curriculum

Phillip J. Cornwell
Rose-Hulman Institute of Technology

In this paper concept maps, a pedagogica tool which improves the effectiveness of lectures and helps students
achieve a higher level of understanding, will be discussed. Concept maps are a visual representation of ideas
designed to illustrate the relationships between the ideas. There are a variety of ways concept maps can be used
in the mechanical engineering curriculum. They can be used to help students understand the structure of the
curriculum, the relationship between courses, and the material within a course. The reaction of students to the
use of concept maps has been enthusiastically positive.

Introduction

The process for obtaining higher levels of learning is the same for any discipline!. The phases of a
learning hierarchy are shown in Figure 1. A student must first learn the terminology and facts which make up
the basic language of a discipline. After learning the facts and terminology the student is able to combine them
to understand concepts. The more concepts a student possesses, the easier it is to form generalizations and to
apply the concepts to a wide variety of problems. The lecture is one of the primary vehicles for information
transmission in higher education today and is used by educators to help students in their journey through the
learning hierarchy. However, for most students the basic lecture, when used exclusively, is not the most
effective technique to facilitate optimum student learning and to help students understand complex and subtle
interrelationships. For this reason, lectures must be supplemented with the textbook, homework, projects, group
work, etc. Recently there has been a school of thought that emphasizes cooperative learning to the point of
eliminating lectures completely. | believe that this is a mistake. Even though lectures have limitations, they
remain an important tool to help professors facilitate student learning, especialy if they can be made more
effective. One method to improve the effectiveness of lectures is the use of visuals . In this paper the visual
pedagogical tool called the concept map will be discussed.

Concept maps are a visual aid to help students organize and understand groups of ideas or concepts.
Creating an effective concept map requires experience and a depth of understanding that is typically beyond the
level a student achieves by the end of a course, typically the “synthesis’ or “appreciation” level in Bloom's
taxonomy of the cognitive domatn®For this reason it is important for professors to provide concept maps for
the students. There are many different ways concept maps can be used. Although all of the examples of
concept maps in this paper will be from the mechanical engineering curriculum, the ideas are equally applicable
to other fields. The use of concept maps to help students understand the structure of the curriculum and the
relationships between sequences of courses, and to help students understand and assimilate the material in a
single course will be discussed.
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— . Concept maps of a curriculum

A concept map of an entire mechanical engineering curriculum is shown in Figure 2. This mapcouldbe
providéd to the students in their freshman year. Often students do not understand the purpose of the courses in
the freshman year and how they relate to and help advance their desire to be an engineer. They ae aso
typically unfamiliar with the details of the curriculum of their desired mgor. By giving freshmen this concept
map and explaining it to them it is hoped that motivation will be provided for the basic math and science
courses taken by these students and it will reduce attrition since the students can see how the material in these
courses fits into the entire curriculum and is critical for subsequent courses. The concept map shown in Fig. 2 is
intended to provide a snapshot of the curriculum. Note that it does not show the individual courses or when
courses are taken but rather the general areas of learning.

An example of how one of the blocks shown in Fig. 2, the mechanics block to be specific, can be
expanded into a sequence of courses is shown in Figure 3. The prerequisites for each course are easily shown
and the distribution of the courses throughout the four year curriculum is apparent. One way of viewing Figs. 2
and 3isthat Fig. 2 is presenting a global view of the subjects students are to learn in the curriculum and Fig. 3
presents the specific structure (i.e. sequence of courses) that has been designed to cover this material.

Concept maps within a course

In addition to illustrating the structure of an entire curriculum and helping students understand the
relationships between sequences of courses, concept maps can be used within a single course to help students
understand the purpose and goals for a course as well as to understand the specific technical content of a course.
As an example of concept maps used in a specific course, several concept maps developed for a sophomore
dynamics course will be presented. Figure 4 is a concept map to be used the first day of class to present the
goals of the class. In this course, the goals can be grouped into three categories: 1) technical content to be
mastered, 2) skills to be developed, and 3) experiences the students should have. It is useful for a professor to
develop this type of concept map to help him or her evaluate the purpose of the course and to identify not only
the technical content, but also the important skills and experiences the students should have by the completion
of the course. This type of concept map does not present the details of how the goals for the course will be
accomplished, but does provide the professor with criteria to evaluate in-class and out-of-class activities and to
decide whether or not they will help achieve the course goals, and if they won't, then to redesign the activities.
The content of Fig. 4 isrealy no different from what is usually contained in an administrative handout, but it is
easier to understand and clearly indicates the three categories for the goals of the course.

Concept maps can also be used in several ways when covering the technical material of a course. The
ultimate goal of a concept map used in a single course is to help students establish connections between the
various topics covered in the course and to help the students organize concepts in their minds. From Fig. 4, itis
seen that the technical content of dynamics can be grouped into the two broad categories of kinematics and
kinetics. An example of a concept map in each of these two categories is discussed below. The first concept
map to be discussed is an example of how concept maps can be used when presenting material in a single

chapter and the second is an example of how concept maps can be used to relate the material presented in
several chapters.

A concept map illustrating the relationship of topics typically covered in the area of particle kinematics
is shown in Figure 5. A different concept map would be provided, or more likely produced by the students, for
rigid body kinematics. When first seen, a concept map will frequently appear confusing and of little value.
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Concept maps become most useful to students when they are presented and discussed several times and each
dement Of the map is explained to the students. This is accomplished with Fig. 5 by projecting the concept map
onto a corner of the classroom’s front wall while covering the material in class. As a particular topic is
discussed, its location in the concept map is shown to the students. This way, the concept map gradually
acquires meaning as the material is covered and the links between topics are explained.

Another way to use concept maps is at the conclusion of several chapters to show how the topics from
the different chapters are related. An example of this type of concept map is shown in Figure 6. The concept
map shown in Fig. 6 was developed to help students identify what kinetics principles to apply when facing a
new problem. The three basic kinetics principles discussed in dynamics, direct application of Newton's 2nd
Law, work-energy methods, and impulse-momentum methods, are often presented in separate chapters in the
textbook (Meriam’s textbook is a notable exception). When doing homework, students usually know what
principle to apply based on what section in the book immediately precedes the assigned problem. On tests, the
problems typically require a variety of different principles and students have difficulty knowing which ones to
apply since they have never had to face a similar situation on the homework. The purpose of the concept map
shown in Fig. 6 is to help students learn that the key to identifying what principle to apply when facing a new
problem is found within the problem statement. This concept map also gives a brief procedure the students may
follow when solving a problem once the required basic principles have been identified. This concept map was
presented in class after all three kinetics concepts had been discussed and was used in conjunction with in-class
group work. The students were assigned to groups and each group was given five problems for which they were
required to identify the principle to apply when solving the problem. The students were not required to
complete the solutions, but rather to simply map out a solution. In the last ten minutes of class, one student
from each group was selected at random to explain how the group approached one of the problems (also
selected at random).

As the course progresses and students become familiar with the structure and purpose behind concept
maps it is useful to have students generate their own. These concept maps can be generated either individually
or in groups. The process of creating their own concept maps forces students to attempt to evaluate and
organize the material in a logical fashion and to begin to understand the material at the higher levels of
understanding. By evaluating the students concept maps, the professor can gain a better understanding of
students' understanding of the material and can clear up any confusion the students may have.

Every time | have used concept maps within a course, the student feedback has been uniformly
positive'In fact, | have yet to receive a negative comment on concept maps. The primary difficulty in using
concept maps is the time required to generate good ones. It has been my experience that they are continualy
being revised as | become more familiar with a course. Although | feel that concept maps are beneficia for all
students, they can be especially helpful for visual learners.

Conclusions

There are a number of benefits to using concept maps for both the professor and the students. A concept
map of an entire curriculum is useful to evaluate the entire curriculum and to see how all of the courses fit
together into a unified and hopefully cohesive whole rather than a collection of unrelated courses. By drawing a
concept map for a course, the professor is forced to evaluate the purpose of the course, how the material is
related, and to identify the most important concepts in a course. Concept maps can be used in a single course to
show the relationships between topics within a chapter and to show how the material in several chapters is
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related._Concept maps have proven to be an effective tool to improve the effectiveness of lectures and to help
students achieve a greater depth of understanding of course material.
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Figure 1- Phases in a learning hierarchal.
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Generic Mechanical
Engineering Curriculum

Background Distribution
Courses Courses
Engineering Mathematics Science Humanities and
Background Foundation Foundation Social Sciences
Courses
| Mechanical Engineermg Courses*
Thermo/ Measurements/
Electrical Mechanics . i . )
Fluids Materials Experimentation

) laaava-t
Capstone Design Technical Electives

* All engineering courses contain design and communication requirements

Figure 2- Concept map for a mechanical engineering curriculum.

Mechanics I

Freshman Statics

Sophomore Dynamics

T,

Analysis of Kinematics
Junior Dynamic Systems

Strength of Materials

Dynamics of
Machinery

Senior Vibrations

Controls Machine Design

Engineering Design

Figure 3- Concept map showing the sequence of courses that focus on the mechanics portion of the
curriculum.
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Technical Content

Dynamics Overview I

Skills developed l

l Kinematics I

Communication skills

| Experiences I

:{ Independent learning |

Kinetics

Problem solving skills

N

>

[ Analytical skills |‘_

] Evaluating the solution |‘__

—

Choosing the
appropriate tool

d Computer tools \

N

—

Individual oral presentations

Problem definition

Maple

Working Model

Figure 4- Overview of the goals for a dynamics course.

Relative motion notation
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Acceleration is constant:
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v =vi +2a(x - x,)

Particle Kinematics
(The Geometry of motion)

Kinematic Relationships
L dr
V=—
dt
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1)
2)

Dependent motion -

Define position vectors

Write an equation for the constraint

(the length of cable for example)

3)  Differentiate the equation to get an
equation that relates the velocities

Acceleration is not constant:

Separate variables and integrate

\

Representation of position, velocity and
acceleration in various coordinate systems.
Define vectors and take derivatives.

N

Rectangular Coordinates
F=xi +y]' +zk
\7=xf+yj+z'12=vxf+vyj+v:l€

£1'=56f+j/f+fl€=axf+ayj+azlg

Normal and Tangential
Coordinates
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/

’rojectile Motion

y-direction:

x-direction: x=xy+vp £, vo =V,

y=yo+vo t-38th vy =vy ~ gt vy =vg —2g(y- )

Radial and Transverse Coordinates

~
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Figure 5 - Concept map for the topics in particle kinematics.
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Kinetics

] —
Basic Principles: / l \
Direct application of Newton's Work and Energy Impulse and Momentum
Laws
When to use: I
v
want to find forces and/or have two locations in space - have an impact or impulsive forces
accelerations
want to find velocities, - are considering a system of particles
want to find velocities and/or distances, and sometimes forces
distance traveled (which can be - given force as a function of time
found by separating variables given a force as a function of
and integrating the kinematic displacement - want to find velocities, times, forces
relationships for & .) (especially impulsive forces)
Procedure: d
Define the system Define the system Define the system
Define a coordinate system Define a coordinate system Define a coordinate system
Draw FBD and KD Draw system in two locations Impulse-Momentum diagrams
Apply principle Apply principle Apply principle
Check to make sure there are Check to make sure there are Check to make sure there are
enough equations enough equations enough equations

Figure 6- Concept map for kinetics designed to help students identify the principles to apply when solving
problems.
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