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The University of Louisville recently de-
veloped a Quality Enhancement Plan
(QEP) to improve undergraduate in-
struction across all disciplines as part of
its ongoing accreditation requirements.
Central elements of the plan are em-
phasis on critical thinking, integration of
critical thinking throughout the curriculum,
service learning for undergraduates, and
a culminating experience. With the adop-
tion of the QEP, instructors were asked
to incorporate these concepts into their
curriculum. One of the most interesting
efforts in revamping course presentation
has been to change the way a truly funda-
mental course, Statics, is taught.

In order to modify the existing Statics
course to meet the QEP objectives, minor
changes were necessary in the areas of
course design (course objective, culmi-
nating experience, flowchart of progress)

Introduction

As part of The University of Louisville’s
accreditation by the Southern Association of
Colleges and Schools (SACS), the school has
worked to develop a Quality Enhancement
Plan (QEP) for improvement in undergraduate
instruction. Through this review of all academic
courses and programs the QEP identified four
specific areas of instruction that needed im-
provement: 1) gaining the ability to solve prob-
lems and to apply theories in practice through
critical thinking; 2) integration of learning (no
more outlier courses unrelated to any other
course or practice area); 3) opportunities to ap-
ply classroom learning in practical experiences
through service learning; and 4) taking learn-
ing out to the community through a culminating
experience to synthesize knowledge through
practice that benefits the university and the
community.

The concept of critical thinking has been
defined many times over the past forty years,
but generally includes activities focused on
key abilities: to question; to acknowledge and

and assessment procedures (pre-quiz,
group problems, and optional final). The
changes were not extensive, but rather
only minor changes to presentation or
organizational format. Statics is one of
the core courses within the engineering
curriculum and a significant amount of
information must be conveyed and mas-
tered. Thus, the changes presented do
not disrupt the normal classroom flow, but
rather shift the emphasis and language to
incorporate critical thinking explicitly.

To assess the effect of the modi-
fied course curriculum, data from four
separate instructors covering 15 different
classes and 672 students between 2004
and 2008 were compiled to identify base-
line performance. Data compiled included
not only final grades but also individual
test scores associated with specific con-
cepts. This information was compared to

the Summer 2009 class (115 students)
in which the course modifications were
enacted. The exam questions presented
were almost identical to those used in
previous semesters to enable direct com-
parisons.

Based on the data, after a slight shift
in the focus of the class and the incor-
poration of critical thinking concepts, a
marked improvement in student perfor-
mance and attitude was observed. Thus,
by repackaging the Statics course con-
tent to emphasize the goals established
by the QEP, improved student interaction
and understanding can be achieved. It
is not always necessary to make broad
sweeping changes to a course, but rather
it may be beneficial to make a variety of
little, incremental changes.
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test previously held assumptions; to recognize
ambiguity; to examine, interpret, evaluate, rea-
son, and reflect; to make informed judgments
and decisions; and to clarify, articulate, and
justify positions (Halpern, 1996; Holyoak, 2005;
Kitchener, 1986; Palmer, 2004; Pascarella,
1991; Ruggiero, 1975; Scriven, 1976; Scriven
& Paul, 1976). Paul and Elder (2001) developed
alearning paradigm that divided these activities
into three fundamental areas: 1) analysis of
thinking by identification of elements of thought
(e.g., questions, purposes, inferences, etc.); 2)
applying intellectual standards such as clarity,
relevance, and accuracy; and 3) consequent
development of intellectual traits desired in un-
dergraduate students. This Paul-Elder frame-
work should be familiar to engineering educa-
tors and practitioners as it provides the basis for
organized thinking and a logical progression to
a problem solution (Smith, 1977).

Implications for Engineering

With the development of the QEP and
adoption of the Paul-Elder framework for criti-

Journal of STEM Education Uolume 13 e Issue 2 April 2012 E



cal thinking, instructors were asked to incor-
porate these concepts into their curriculum.
Interestingly, incorporating the QEP mission
into the engineering curriculum proved both
more and less challenging than originally antici-
pated. As an example, when faculty members
in the School of Engineering were asked for
their reactions to the QEP and the subsequent
implementation plan, their universal reaction
was, “But | already do that.” All of the faculty
members interviewed expressed the feeling
that critical thinking is essential to engineer-
ing and is routinely emphasized in classroom
presentations, homework problems, and design
assignments. Additionally, for ABET accredi-
tation, all departments within the engineering
school already offered capstone design cours-
es that epitomized the idea of a culminating
experience. And finally, the engineering school
curriculum requires students to complete three
cooperative internships, a formal mode of ser-
vice learning.

With all of the primary goals of the QEP mis-
sion already addressed, most faculty members
in the engineering school felt that they were al-
ready in compliance with the improvement plan,
and needed to do nothing but wait patiently for
their ensuing university accolades. They were
not ready for more pointed questions such as,
“When do you define critical thinking for your
students?” and “Do you explain to your students
how they are thinking critically when they do the
homework problems or design assignments
you give them?” For critical thinkers, the engi-
neering educators had been remiss in applying
intellectual standards to their course content
and presentation.

Once the deficiencies of the current engi-
neering curriculum with respect to the QEP ob-
jectives were identified, changes were enacted
to improve the program. A variety of courses
from introductory level to graduate level have
been altered to include explicit mention of
critical thinking and exercises in their presen-
tation materials based on application of the
Paul-Elder framework. The alterations in these
courses have not focused on changes in con-
tent, but have been modifications in mode of
presentation. In no course has this change in
approach been more interesting than in a truly
basic course, Engineering Mechanics: Statics.

Changing Statics

In 1687 Newton published his laws of mo-
tion in the Philosophiae Naturalis Principia
Mathematica. This work ultimately became
the source material that has been passed on

from teacher to engineering student through
Engineering Mechanics: Statics and many oth-
er subsequent courses. However, while much
of the information presented in statics hasn't
changed since 1687, it could be argued that
the teaching methods used to convey the infor-
mation have also been relatively fixed. A quick
review of the available textbooks indicates the
same rote presentation sequence (some books
are on their 12th edition). Thus, with the impe-
tus of the QEP, it appeared necessary to see
whether overt, intentional presentation of critical
thinking could be integrated into a well-estab-
lished, fundamental, almost archaic engineer-
ing course. Interestingly, it was found that many
of the new teaching methods being discussed
can be readily adapted to statics with only
minor tweaking of the course presentations.
A wholesale course change was not required
since most of the core teaching fundamentals
were already present, but presentations were
not couched in the language currently used by
the learning experts.

Guidance in how to modify the Statics course
to incorporate improved critical thinking by stu-
dents was obtained from a number of sources.
A summarization of the research indicates stu-
dent performance will improve with:

* teaching strategies that require students to
be active learners through involvement in
groups

* practicing skills in multiple settings (in
class, in groups, and through homework)

* using examples that are similar to situa-
tions the student will encounter in practice

* monitoring of student understanding and
progress toward an identifiable goal

* incorporating a rationale for learning the
skills emphasized in the course

* using motivational techniques (Hallet,
1984; Paul, Niewoehner, & Elder, 2001;
Petress, 2009).

In order to modify the existing statics course
to meet the QEP objectives, minor changes
were necessary in areas of course design and
grading procedures. As indicated, the changes
made were not extensive, but rather only mi-
nor changes to presentation or organizational
format. It is clearly understood that statics is
one of the core courses within the engineering
curriculum and a significant amount of informa-
tion must be conveyed and mastered. Thus, the
changes presented do not disrupt the normal
classroom flow, but rather shift the emphasis
and language to incorporate critical thinking ex-

plicitly.
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Course Design

Course objective—Often the first exposure
many students have to statics originates with
the reading of the course description during
class registration. The purpose of this descrip-
tion is to accurately and concisely portray the
course objectives to the new student. The
course description currently used at our univer-
sity for statics is as follows:

Apply fundamental concepts of statics to
examine forces, equilibrium, friction, cen-
troids and moments of inertia, to analyze
and solve engineering problems. Both vec-
tor and scalar methodologies are used.

While the course description is technically
correct, it does not convey information read-
ily understood by the new student or generate
much excitement (for the new student or the
instructor). This course objective was likely
written by someone very knowledgeable in the
field, without consideration of its impact on the
reader. A new student is unlikely to know the
meaning of “fundamental concepts of statics,”
centroids, “moments of inertia,” and equilibrium
and likely only has a rudimentary understanding
of forces, vectors, scalars, and friction. Thus,
out of a 28-word paragraph, only the remaining
16 words are well-understood. In fact, if only the
words that are well-understood by a new stu-
dent are used, the paragraph is reduced to “The
purpose of this course is to analyze and solve
engineering problems using methodologies”.
Obviously, this is not a very precise course
statement as it could be applied to almost any
engineering course in our current curriculum!

Reading the course objectives from the stu-
dents’ perspective changes the entire focus of
the paragraph. The previous course objective
was rewritten as below to focus on learning ob-
jectives and action items.

Complex engineering problems can be
disassembled into small components that
can be solved with basic science and math
skills. By asking simple questions that focus
on what information we have and what in-
formation we need, we can develop simple
strategies to solve many problems. Through
this process the fundamental concepts of
vectors, forces, equilibrium, friction, cen-
troids and moments of inertia, may be used
fo analyze and solve engineering problems.

By focusing on what we intend to do, and
how we intend to accomplish it, we draw the
students into the class and give them a clear
understanding of the fundamental concepts
presented in the class. Furthermore, emphasiz-

ing simple questions to be answered goes to
the heart of critical thinking as applied in en-
gineering. Halpern (1996) emphasizes that all
critical thinking skills are involved in problem
solving, including generating and selecting al-
ternatives and evaluating those alternatives.

The first change in the Statics course pre-
sentation also calls attention to the situation in
which students find themselves: required to do
some difficult work—thinking. A change in dis-
position is required in student attitudes toward
coursework. As Halpern (1996) points out,
“There are large differences among cognitive
tasks in the effort that is required in learning and
thinking. For example, most people effortlessly
learn the plot of a television sitcom they are
watching, but they need to expend concerted
mental effort and cognitive monitoring to learn
how to analyze complex arguments or how to
convert a word problem into a spatial display”.
Visualization is a key skill in solving statics
problems.

Culminating experience—ABET accreditation
requirements and recommendations from many
other professional bodies have led to incorpo-
ration of a “culminating experience” into cur-
ricula for many engineering disciplines. Often,
to meet ABET accreditation standards, a single
capstone design class will be included in the
course requirements for graduation. Could the
concept of a culminating experience be of value
as an educational tool in a basic course?

While the capstone design courses meet
their stated objectives of providing a realis-
tic, cross-disciplinary design experience, the
benefits of the culminating experience can be
adapted to a variety of courses, including stat-
ics. One of the main advantages of a culminat-
ing experience is the clear understanding of the
final product or skill set. Within the statics class,
it is commonplace to march through the requi-
site chapters in chronological order. Skills are
developed in a systematic fashion, one building
upon the other, until the semester ends. Where
is the culminating experience? An appropriate
culminating experience for statics would have to
be truss design. The entire semester is devoted
to building the skill set necessary to analyze the
internal and external forces in any member of
a truss. Thus, early in the semester it is neces-
sary to emphasize that the test of mastery of the
skills taught in this course is success in truss
analysis, and everything we are doing contrib-
utes to that objective in some fashion.

Flowchart of progress—When students sit
through the statics course, they are exposed to
a variety of concepts ranging from equilibrium
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to position vectors to moments. While this ma-
terial is necessarily presented in a linear fashion
(Figure 1), the information does not fit together
as simply as the textbook would imply. Often
it appears that students have difficulty putting
the current lecture materials into context, or that
they lose the concept of the course objective.
Thus, to help students place materials into con-
text, a visual diagram of the course content was
developed, as shown in Figure 2.

The visual diagram removes the rigid outline
format and displays the systematic march of in-
formation from the first day of class through the
culminating experience (i.e., trusses). A quick
review of the diagram clearly indicates the re-
liance of the course on the understanding of
fundamental vector operations. In addition, the
diagram highlights the linkage between forces,
moments, and equilibrium, and clearly displays
equilibrium as an overarching concept to be
applied to all statics problems. Defining and il-
lustrating linkages among topics is a powerful
aid to memory (Mines, King, Hood,& Wood,
1990). There are crucial relations between how
information is stored and the way it is used for
a given purpose. Cognitive psychologists con-
sider meaning to be the way a concept is linked
to other related concepts. A concept will have a
richer meaning for a student when it has many
connections to other concepts. When one con-
cept is brought to mind, it can act as a trigger or
cue for the related concepts to which it is con-
nected. The greater the number of connections
between a concept and other related concepts,
the greater will be the likelihood the concept will
be retained and implemented.

Grading Procedures

Defining the appropriate grading proce-
dures for a particular course is always subject
to much debate. There is not one method that
will work for all courses or all instructors; thus,
each must determine a solution on his or her
own. However, the following grading proce-
dures have been adapted to the statics class
with reasonable results and thus warrant further
review. If you deem them appropriate for your
class, then we would encourage you to experi-
ment with any or all of these options.

Pre-quiz—In today’s environment (and likely
throughout history) it is challenging to moti-
vate students sufficiently so that they come to
class prepared. Ideally, every student should
have read the lecture material before class
and be prepared to comment on the problems.
However, in reality, that rarely is the case.
Following the mantra that “if something is im-
portant, measure it,” the statics class has been
modified such that a pre-lecture quiz is given
every day. This pre-quiz is based on the prepa-
ratory materials and should take no more than
five minutes to complete. Students are thus re-
warded for class preparation and it is deemed
important to the instructor. Students also are
given the chance to monitor their own progress
and level of preparation. The thinking is that the
time lost during the quiz should be easily made
up as the class is prepared for the lecture and
has a preliminary understanding of the material
to be covered. The questions that are asked
in the quiz also serve an important function in
learning. Instead of just recalling a fact or bits
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Figure 1. Traditional flow chart of information presentation within Statics.
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Figure 2. Modified flow chart displaying concept relationship for Statics.

of information, the thoughtful questions on the
quiz require the student to consider a concept
in connection with a situation reflective of actual
practice when the relevant concepts allow solu-
tion of real problems.

Group problems—Much of the learning we do
throughout our academic careers occurs in a
group setting. Considering study groups and
laboratory exercises, it is clear that we do not
spend much time learning material in isolation.
Group learning has the benefit of exposing stu-
dents to a variety of individuals and enabling
them to ask questions in a relatively safe envi-
ronment. A small group in the classroom is one
form of a “circle of trust” (Palmer, 2004). To help
facilitate group learning, the students are gen-
erally asked to complete one homework prob-
lem that must be submitted prior to the end of
class. Students are encouraged to work in small
teams, but each student must submit his or her
own handwritten problem for evaluation. These
types of assignments force an immediate appli-
cation of the presented material. Students who

EQUILIBRIUM

4

Frames and
Machines

do not readily grasp the lecture materials are
then mentored by those who do, further solidify-
ing course materials.

Optional final—The purpose of the statics class
is for students to gain a mastery of basic sci-
ence and math skills such that they are able to
solve simple engineering problems. It is clearly
evident that some students may struggle with
initial concepts, but that through repetition of
material, are able to master the subject matter.
However, the traditional grading format, where
each test contributes a set percentage to the
cumulative grade, works to disenfranchise stu-
dents if they have one low test score. Suddenly,
because of one poor test score, their grade is
unsalvageable and they give up. In an effort to
maintain student commitment, we have gone to
an optional final, where the final will replace the
lowest test score. This rewards the high achiev-
ers as they may choose not to take the final if
they are satisfied with their performance. It also
keeps other students engaged longer as they
can significantly improve their class grade with

Centroids
Inertia
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the last chapter exam and a good score on the
final. It is noted that students are cautioned that
if they choose to take the final, their score will be
included in their average, regardless of whether
it helps or hurts their performance. This provi-
sion is necessary to keep students from just
taking a desperate guess and turning in a poor
performance (and it also reduces grading!).

Metrics for Change

When making systematic changes to a
course as fundamental as statics, it is im-
perative that assessment tools are in place
to provide metrics. Without appropriate tools
it is impossible to determine whether enacted
changes are beneficial or a distraction to the
students. Unfortunately, class evaluations are
not generally a reasonable means of measuring

student outcomes, as the perception of learning
often varies significantly from actual achieved
learning.

Thus, to assess the effect of the modified
course curriculum, data on four separate in-
structors covering 15 different classes and
672 students between 2004 and 2008 were
compiled to first identify baseline performance
(Figure 3). Rather than standard deviation, the
inter quartile range (IQR) was used to measure
how tightly the data is clustered around the me-
dian value such that the IQR is the minimum
range required to capture half of the data. A low
IQR value indicates the data values are all very
close to the median value and a large value
indicates the data are wide-ranging. To visual-
ize the median and IQR concept a box plot was
developed to graphically depict the values and
other important information. For the composite
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Figure 3. Baseline statistics for course materials
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Figure 4. Statistics for modified statics materials

data, the median test average for the vector
equilibrium exam was 83 and the IQR was 24.
The IQR value represents a much tighter data
clustering than the standard deviation (half of
the data is captured within two standard devia-
tion units, 34.8).

Using the statistics displayed in the box
plots, both student and instructor performance
can be quickly assessed. By reviewing the com-
posite grades, it is evident that the “low point” in
the semester for the students is associated with
their understanding of trusses and machines.
Interestingly, while Prof B has the highest class
scores for this topic, Prof A’s classes appear to
have a much more uniform understanding of
the material as evidenced by the low IQR.

As discussed, numerous changes were
made to the statics course in an attempt to
improve student performance in coordina-
tion with the university’s quality enhancement
plan. During the summer semester of 2009,
115 students were enrolled in this single stat-
ics session. The statistics from this class were
compiled and the box plot data are presented
in Figure 4. After a slight shift in the focus of
the class and the incorporation of critical think-
ing concepts, a marked improvement in student
performance was observed. From a previous
median value of approximately 80, the class
modifications shifted the test median to the mid
to upper 80s (with the exclusion of the truss and
machine test!).

The lower average on the trusses and ma-
chines test is not overly concerning as this is
the students first attempt at putting together the
multiple concepts. The lectures use the truss
design as a general guide so that students can
see applicability of their work throughout the se-

mester. What is more critical in this case is the
improvement in overall student understanding
of the concepts.

Focusing more closely on “EARNED
GRADE” assessment, presented in Figure
4, can also work to help assess the results of
the course modifications. Figure 5 displays a
comparison of the author’s grades for the previ-
ous courses and for the Summer 2009 session
where modifications were presented. As shown
in the figure, it appears that there is a significant
shift of students to higher grades. Many of the
“B-C"” students appear to be in the “A-B” range.
Unfortunately, the “F” students appear to have
benefited little from the course changes.

Statics Grade Distribution - Author

50%

40%

30% /'i\
20% - \
10% &

0% T T T T 1
A's B's C's D's F's
e Author 2009 Author Pre2009

Figure 5: Course grade comparisons between modified curriculum and

previous statics classes
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Student Reactions

It is always challenging to gauge or quantify
student reactions to course content changes.
About the only mechanism available is the
course evaluation form, and that obviously
cannot provide a quantitative assessment.
However, as the form is the only information
available, it can be used to provide a general
feel or qualitative assessment of student reac-
tions.

The course evaluation was provided to the
students on the last day of the summer semes-
ter, after Test 4 had been returned and dis-
cussed. Approximately 59 of the 115 students
completed the questionnaire and the results
are displayed in Figure 6. Questions 4, 6, and
7 were used by the University to determine
the cumulative class rating as 4.45 out of 5.0.
Figure 7 compares the individual responses of
the questions from previous classes to those of
the modified curriculum (shown by the continu-
ous line).

The open-ended questions answered by the
students also provided insightful information.
Most of the comments were very positive, as
summarized below:

“Applied math and science concepts to real
world engineering problems”

“| learned”

“A lot more interesting and fun than |
expected”

“The group quiz idea is genius. It forces
students into study groups to learn the
material.”

“Give the professor a raise”

The negative comments primarily focused
on not working enough example problems and
frequently focusing only on the initial problem
setup rather than completely solving an exam-
ple problem to its exact solution. This, however,
is a considered decision that is made due to
lack of time. In my opinion, class time is more
effective helping students set up problems rath-
er than helping them work their calculators to
generate an answer.

Conclusions

The entry level engineering course Statics
was modified to emphasize critical thinking
skills, identify a culminating design experience,
and promote alternative learning styles. Based
on the recorded student performance and com-
ments received during the course evaluations,
these minor modifications had a positive ef-
fect on student performance. Thus, improved

Figure 6: Class evaluation survey for modified curriculum

student interaction and understanding can be
achieved by repackaging course content to
emphasize the goals established by the QEP. It
is not always necessary to make broad sweep-
ing changes to a course, but rather it may be
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Figure 7: Student evaluation comparisons between modified curriculum and previous statics classes

beneficial to make a variety of little, incremental
changes.

Another aspect of the effects of the changes
made in the course is impact on instructors. The
authors experienced a very positive reaction to
the changes on several levels: the sine qua non
of engineering, critical thinking, was reinforced
in an explicit way; use of a semester-long goal
(truss design) that synthesized course concepts
gave the students another way they could judge
their progress; and this mode of presentation
was more intrinsically satisfying. Furthermore,
this experience could be described as has been
done in this paper, and be used to encourage
colleagues to make similar changes in the
courses they teach.

While the course modifications did indicate
a modest change in student performance,
groundbreaking revelations were not identi-
fied or observed. However, is it reasonable to
expect dramatic changes in performance in a
course that was already well-designed, but
was modified to improve critical thinking abili-
ties? Halpern (1996) has put this type of effort
into perspective: “Courses that are designed
to enhance the thinking abilities of students
will usually identify a subset of skills...and de-
sign instruction to develop the selected skills...
Given our knowledge of cognitive development,
it would be unrealistic to expect a huge gain in
the thinking abilities of college students that can
be attributable to one course that is a quarter
or semester in length...Cognitive growth is a

gradual and cumulative process; there are no
quick fixes. It is more realistic to expect modest
improvement in thinking abilities...”.
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