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Introduction

Education research from the late 20"
century suggests many benefits of incor-
porating pedagogical methods like coop-
erative learning, peer instruction, critical
thinking exercises, and classroom assess-
ment (Angelo & Cross, 1993; Boyer,
1998; Hake, 1998; Johnson et. al, 1998;
MacGregor et. a., 2000; Mazur, 1997;
McKeachie, 1999; NRC, 2000; NSF,
1996). Patricia Cross, a leading educa-
tor, also indicated in her American Asso-
ciation of Higher Education’s (AAHE'S)
1998 National Conference keynote ad-
dress that, “We have more information
about learning available to us than ever
before in the history of the world.”
Herbert Simon, a Nobel Laureate, in his
1997 Frontiers in Education Conference
plenary session said, “Knowledge about
human learning processes has devel oped
to the point where we can do better.”

Mazur (1997) used diagnostic teststo
assess student learning of introductory
physicsfor both experimental (using con-
cept questions and student interaction)
and control groups by recording pre- and
post-instruction performance. He found
significant gains in student learning (as
measured by use of established diagnos-
tic testsfor physics) asaresult of hisex-
perimental conditions. In addition to us-
ing diagnostic tests, Mazur compared stu-
dent performance on identical final ex-
aminations (given six years apart) for a
conventionally taught physics class ver-
susan experimental class. Healso found
a “marked improvement in the mean, as
well as a higher cut-off in the lower-end
tail” (p. 16). This improvement of the
poor to average student’s learning is an
important effect.

Hake (1998) analyzed pre- and post-
standardized physics exam data for over
6000 students. He found that a percent-
age gain of physicsknowledge wastwice
as high for students taught with an inter-
active engagement method as compared

to students taught using traditional lec-
ture-based teaching. The National Re-
search Council report (NCR, 2000) indi-
cates, “ Sixth gradersin asuburban school
who were given inquiry-based physics
instruction were shown to do better on
conceptual physics problems than elev-
enth and twelfth grade physics students
taught by conventional methods in the
same school system.”

Based on these ideas and additional
educational research, aset of corebeliefs,
named Next Generation (NG) Principles,
are posited by the authors. These prin-
ciples fundamentally believe that active
learning by studentsis vital. However,
teaching resource material sthat incorpo-
rate new paradigm instructional compo-
nents like active cooperative learning,
concept and reading quizzes, classroom
assessment, and outcomes-based teach-
ing are typically not available.

Sheila Tobias, in her foreword to
Mazur’s book (1997), says, “Implemen-
tation of pedagogy-based teachingischal-
lenging. Instructors need support and as-
sistance.” The situation is made even
more difficult by the reality that “ special-
ized” materialsusing these new paradigms
have to be developed for each specific
course. Hence, thereisan immediate need
for pedagogy-based materialsthat instruc-
torscan directly usein their classes with-
out investing too much of their own time
in developing them. For developing and
distributing such material's, acooperative
model of faculty, granting agencies, and
a commercia publisher has been used.
The National Science Foundation’s Divi-
sion of Undergraduate Education (DUE)
suggests this model in its Educational
Material Development (EMD) Track of
the Course Curriculum and Laboratory
Improvement (CCLI) Program.

Abstract

Education research from the late
20™ century suggests many benefits of
incorporating pedagogical methods
like cooperative learning, peer instruc-
tion, critical thinking exercises, and
classroom assessment. However, de-
vel oping instructional materialsincor-
porating these methods takes asignifi-
cant amount of effort. This paper de-
scribes an example of developing in-
structional materiasfor instructionin
engineering mechanics (statics) using
collaboration between faculty mem-
bers at two universities, the National
Science Foundation, and a commer-
cia publisher. These resource mate-
rials adapt many of the pedagogical
components referenced above. Two
experienced faculty, while teaching
both large and small enrollment
classes at two different universities,
have devel oped these materials. The
benefits of these materialsinclude en-
couraging students to take ownership

of their learning, helping instructors
focus on critical content, and turning
classroom lecturesinto engaging dis-
cussions. The materials also cycle
through different parts of the Kolb
learning model and address different
learning styles. Other aspectsof these
instructional materials promote coop-
erativelearning and classroom assess-
ment tools to provide quick feedback
to both students and instructors. The
resource materials include animated
PowerPoint presentations of the criti-
cal content and a bank of quiz ques-
tions for each class period. The con-
cepts used for developing teaching
resources in this paper can easily be
adapted to any other science, math, en-
gineering and technology (SMET)
course. A possible funding sourcefor
such an effort is NSF's Adapt and
Implementation (A&I) track of the
Course Curriculum and Laboratory
Improvement (CCLI) Program.
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This paper describes the results of
such an effort, resulting in the develop-
ment and use of a set of resource materi-
als for statics, a key course in engineer-
ing science. Funding from NSF's CCLI
program (described above) provided par-
tial support for this development effort.
Staticsistaken by all engineering majors
and is also offered at two-year colleges
with pre-engineering programs. A stat-
icscourseisincluded in most of the 2285
ABET-accredited_two and four year en-
gineering technology programs. While
the total number of students taking stat-
ics is hard to estimate, the Engineering
Workforce Commission indicates that
there were over 90,000 full-time first-
year-engineering students in 1997-98.
Thus, the number of freshman and sopho-
morestaking statics each year iswell over
100,000, when engineering technology
programs are taken into account.

The primary objective in developing
these materialsisto enhance the student’s
learning and understanding of statics.
Teaching methodsthat incorporate awide
variety of pedagogy help accomplishthis
objective. Thus, the resource materials
have been developed based on educa-
tional theories and practices proven to
enhance student learning. A second ob-
jective in developing these materials is
to encourage and enable other teachers
to take up the intellectual challenge of
using these and other education research-
based material swith the thoughtful intent
of observing theimpact on student learn-
ing.

Theresource materialsareintheform
of PowerPoint slidesso their usageisboth
flexible and easy. They can be used with

both “high” and “low” technology. In-
structors can use the materials following
our suggestions as described below or
they can use portions of it in ways that
best fit the needs of their teaching phi-
losophy and students.

Next Generation Principles

A recent report from the National Re-
search Council (NRC, 2000) describes
basic principles having profound impli-
cations for teaching and learning. Also,
the Education Commission of the States
(ECS, 1996) describes twelve attributes
of good practicein delivering undergradu-
ate education. Using these and other re-
sources, twelve Next Generation (NG)
Principles are suggested. The NG Prin-
ciples are organized into three groups:
overarching, foundational, and advanced
(see Figure 1). The overarching group
contains basic guiding principles com-
mon to all teaching and learning activi-
ties. Thefoundational principlesprovide
a solid backbone to engineering educa-
tion—principles that without which the
advanced principles generally do not suc-
ceed. The advanced principals are based
on enhanced learning resulting from use
of methodologies like active collabora-
tivelearning, peer instruction, and service
learning. These principles are listed be-
low. A detailed description of these can
befound in Mehta & Danielson (2000a).

Thefundamental principle underlying
all these Next Generation principles is
that, asinstructors, we care deeply about
student learning and believe that we can
make adifferenceintheir lives. Withthis
principlein place, instructors can explore

Next Generation Principles

1

Overarching
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Advanced

e Leamar Centarad
Use Approssiale Tachnalopy
Sal High Slandasss
Frovide Greal Leaming Support

Ehow Agplations and Relewsncs
Fous on Owlonmas & Criscal Condanl
Fregara wal and Explain Cleary
Uga Far Tesling & Grading Proseduras

segnpsdin AclmalCoopmaive Leaming
Ingamporate Classmom Agsessman]
ncoeporale Samvice Leaming
Incarparaie Wrikng [Releclions)

Figure 1. Organization of the Next Generation Principles

different waysto help studentsreach their
highest potential. Asnew findings come
from the frontiers of brain research, cog-
nitive science, genetics engineering, etc.,
teaching strategies can be reshaped to
enhance student |earning.

NG Teaching Materials

Anoverview to key aspectsof theNG
materials and suggestions for using them
follow. The resource materials are
PowerPoint slides and, hence, are highly
flexible. If mediated classrooms are
available, the slides can be projected onto
alarge screen using the computer system.
If only an overhead projector isavailable,
the slides may be printed onto transpar-
encies. Instructors can select the slides
they think are appropriate for their stu-
dents or they can easily delete or add
slides to their presentation.

These materials are being published
by Prentice-Hall and are linked (via the
use of pictures and illustrations) to the
textbook Engineering Mechanics Stat-
icsby R.C. Hibbeler (2001). Excerptsin-
cluded here are shown by permission.
Similar materials are also being devel-
oped for dynamics classes. The follow-
ing section onlecture notes, student notes
and an implementation strategy.

Lecture Notes

Objectives:

Thefirst slide (Figure 2) of each lec-
ture presentation haswell defined student
learning objectives. This helps students
identify clearly what they are expected
to know and be able to do after the lec-
ture. They also help the instructor focus
the class discussion on the main topics at
hand and assessment of whether the stu-
dents have achieved the objectives.

In-Class Activities:

Thefirst slide of each lecture presen-
tation also lists things to be done during
the class period. The lists of objectives
andin-classactivitiesgive studentsaclear
idea about the overall picture and struc-
ture of the lecture (hence satisfying both
global and sequential learners). Thefirst
slideaso hasapicturerelated to themain
topic. Hence, the first dide should get at-
tention of both visual and verbal learners.

38 Journal of SMET Education



a) Define a simple truss.

¢} Identify zero-force members.

TRUSSES-METHODS OF JOINTS
Students will be able to: Ak
|u.! ‘IEEE i“ vities:
+ Check homework, if any
b) Determine the forces in members
of a simple truss.

+ Applications

simple truss

+ Reading quiz

Methods of joints
« Lero-force members
» Concept quiz
Ciroup problem solving

« Attention quiz

Figure 2. Objectives and In-Class Activities Example

Reading Quiz (RQ):

The second slide of the presentation
(Figure 3) is typically a Reading Quiz
(Mazur, 1997). It usually consists of two
multiple-choice questions based on the
reading assignment for that day’s class.
It is expected that students come to the
class prepared by reading the Student
Notes (discussed below) and the assigned
reading from thetextbook. The RQ ques-
tions are simple and straightforward, so
if students have spent about 20 to 30 min-
utes going over the material, they should
be ableto answer the questions correctly.
The students use answer sheetsto record
their homework gradesand answersto the
quiz questions. These answer sheets are
turned in at the end of each class period.
They can be machine graded for large
classes or quickly hand graded by thein-
structor when teaching a smaller class.

Typically, doing thereading quiz takes
two-three minutes and includes explain-
ing the correct answers before moving on
into the rest of the material. This pro-
videsimmediate feedback to the students
about their grasp of the content. While
the RQ helps instructors determine how
well the students have prepared, more
importantly, they provide an incentivefor
students to come prepared. Coming pre-
pared to the class is an important part of
students taking ownership of their learn-
ing. Thisalsofacilitates useful classroom
discussion and spending classroom time

on more difficult topics.

Applications:

After the reading quiz, the presenta-
tion typically has two slides depicting
real-life applications of that day’s topic
(Figure 4), which stems from NG Prin-
ciple of showing applications and rel-
evance of thematerial. Thesedlideshave
thought-provoking questionsto raise stu-
dent curiosity, incentive, and motivation

to learn the material. These questions can
aso be usad for a short group discussion on
what students areedy know about thetopic.

Mini-Lecture:

After discussing applications, therel-
evant theory and concepts are discussed.
These materials are based on “critical
content” (key points for desired student
outcomesand difficult material, asper the
NG Principle of focusing on outcomes

READING QUIZ

1. One of the assumptions used when analyzing a simple truss is that
the members are joined together by

A) welding B} bolting C) riveting
D) smooth pins E) super glue
2. In the method of joints, typically equations of
equilibrium are applied at every joint
A) two B) three
C) four D) six
=]

Figure 3. Reading Quiz Example
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APPLICATIONS (continued)

I'musses are also used in a variety of
structures like

of aircraft or space stations.

How can we design a light weight
structure that will meet load, safety,
and cost specifications?

cranes and the frames

and critical content). Typically, every

dlide (an example is in Figure 5) has a
picture related to the words and hence is

useful to both the visual and verbal learn-

Figure 4. Application Slide Example

ers. Most of these figures are taken from
the textbook and provide a connection
back to the book for the students.

N

THE METHOD OF JOINTS (Section 6.2)
Fg,ftension)

In this method of solving for the forces in truss members, the
equilibrium of a joint (pin) is considered. All forces acting at the
joint are shown in a FBD. This includes all external forces
(including support reactions) as well as the forces acting in the
members. Equations of equilibrium (¥, F,=0 and ¥ F,, =0} are
used to solve for the unknown forces acting at the joints.

00N

F,;{cmlpresaiun}

Figure 5. Lecture Slide Example

Example Problem:

Themini-lectureisfollowed by atypi-
cal example showing how the theory or
concept just discussed can be applied to
solve a problem (Figure 6). These solu-
tions are not exhaustive in detail due to
space constraints; however, they imme-
diately reinforce the material for the stu-
dents.

Concept Quiz (CQ):

Studentsin science, math, or engineer-
ing classes often focus on plugging num-
bers into equations rather than under-
standing basic concepts. Mazur’s (1997)
powerful data provide strong reasons to
adopt his methodology of using concept
questions and student interaction to pro-
voke studentsinto amore comprehensive

understanding and learning. Concept
questions attempt to probe into a deeper
understanding of a concept, rather than
simply plugging numbersinto equations.
The CQsare usually two multiple-choice
questions (Figure 7). Our suggested tech-
niguein using them involves peer instruc-
tion and cooperative learning. First, stu-
dentsindividually record their answersto
the questionson their answer sheet. Then
at theinstructor’ssignal, students discuss
the questionswith their neighbors. After
discussion, students record a new set of
answers (which can either be the same or
different from their first set of answers)
on the answer sheet. Next, a verba re-
sponse from the class is obtained by ask-
ing students what they picked as the an-
swer. Thisverbal response gives the in-
structor instant feedback about student
responses to the quiz. Then, the instruc-
tor confirms the correct answer and asks
one of the studentsto explain the answer.

Group Problem Solving:

The CQ isfollowed by aproblem that
groups of two or three students are asked
tosolve (Figure 8). Studentsdo not learn
engineering mechanics materials simply
by reading or listening to an instructor.
They typically learn the material by solv-
ing examples. Inour experience, itisim-
portant that students have an opportunity
to solve a problem right away, as soon as
atopic has been discussed. Thishelpsto
quickly clarify many of the doubts and
questions that students typically have
when they try to solve the problems on
their own at home. A group of student
volunteers, as explained later, can assist
inthisactivity inalargeclass. Thisprob-
lem solving activity alowstheinstructor
to wander the classroom, observing as
students struggle with the problem. This
assessment situation also provides the
instructor a natural opportunity to act as
coach to the studentsin their learning.

Attention Quiz (AQ):

The last event of the class period is
another set of two multiple-choice ques-
tions based on the day’s material (Figure
9). These questions may require simple
calculation or may be concept-based.
Again, these quiz questions takes two-
three minutes and include explaining the
correct answers, if time permits. This
activity again provides immediate feed-
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EXAMPLE
Given; P =200 1b, P, =500 Ib
Find: The forces in gach member of
the truss,
Flan: First analyze pin B and then pin C
t = X F, S + Fpecosd5" —(3/3)Fg, = 0
AT EFy - 200 - Fyesindst o (4/5)Fy, = 0
Foo = 214 b (1) and Fg 5253 [hiC)
FBD of pin B 3233
F"ﬁ% [
+ = LFy = - Fp, + 5253 cosd5® =0 C,
Fro=371(TH FBED ot pin "

Figure 6. Example Problem Example

back to the students about their grasp of
the content (Mehta, 1993, Panitz, 1996).

The Kolb Learning Cycle:

Kolb’'s Learning Style Model (1984)

is incorporated into the design of these
instructional materials. Kolb suggests

CONCEPT QUIZ

I. Truss ABC is changed by decreasing its
height from H to 0.9 H. Width W and load
P are kept the same. Which one of the
following statements is true for the revised
truss as compared to the original truss?

-

B

IIJ“'.
: _ B _
A) Force in all its members have decreased - WL"'

B} Foree in all its members have increased.

C) Force in all its members have remained

7

]

H
C

it S

the same.

[y Wone of the above.

Figure 7. Concept Quiz Example

that students learn in different ways and
we should design theinstruction to “ give
something to everyone.” The learning
cycle starts with Concrete Experience
(real-life applications, in our case). The
next part of the material is the mini-lec-
ture, which explains abstract concepts
related to the topic. Thisis followed by
Reflective Observation (here student

groups discuss what they know about the
topic via the concept quizzes). The last
part of the cycle is Active Experimenta-
tion, where students see how the concepts
discussed apply in solving a problem.
The processing part (Reflective Observa
tion and Active Experimentation) of the
Kolb Model addresses internalizing or
transforming the information and is en-

couraged by the concept quiz and group
problem solving experience.

3.2 Student Notes

The Student Notes are altered version
of the L ecture Notesand are prepared and
given to the students ahead of the class
period. Thisisdone for several reasons.
First, students should come to class pre-
pared and take ownership of their own
learning. Classroom time should be spent
in active engagement or discussion of
what they already know, real-life appli-
cations and relevance, critical content,
concept questions, and group problems.
Students’ time spent blindly copying
notes from the board or screen, which
according to Morrison (1986), keepstheir
heads empty but their notebooks full, is
minimized.

First, al the quizzes are deleted. In
addition, most of thedetail from thegroup
problem solution is removed by keeping
the important steps with blank spacesfor
students to fill in the details. Instructors
have a choice of using the file with the
partial solution slides or they may delete
those slides to force the studentsto solve
the problem entirely as a group. If fol-
lowing the second approach, the problem-
solving slides are deleted before making
thefileavailableto the students. Thestu-
dent note files can be distributed to the
studentsin several different ways, includ-
ing the world-wide-web. Whatever the
delivery method, it is advantageous for
the students to have the notes before the
day of class so they can use them to pre-
pare.

3.3 AnImplementation Strategy

The following describes one method
of implementing NG materials in a 50-
minute statics class (meeting three times
aweek). Theway instructors design and
implement their instruction can be signifi-
cantly different, depending upon the class
time period, types of students, their learn-
ing styles, and teaching style. The mate-
rials and implementation have also been
used extensively in a 75-minute class set-
ting (twice a week). In the 75-minute
venue, more time can be given to the
homework and example problems than
described below.

Typically, the class begins with stu-
dentsgrading two to three assigned home-
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solve for the unknowns.

GROUP PROBLEM SOLVING

Given: P, =

a) Check if there are any zero-force members,

b} Diraw FBDs of pins I and B, and then apply EE at those pins to

240 Ib and
100 Tk

Determine the foree in all the
truss members (do not forget
to mention whether they are
in 1 or ).

P, =

Figure 8. Group Example Problem Example

work problemsfrom thetext. The home-
work is exchanged with a neighboring
student and graded in class at the begin-
ning of the classperiod (Mafi, 1989). The
instructor uses an overhead projector or

PowerPoint slide to display the solution
and discussit. To preparethe studentsfor
the grading, procedures and practice grad-
ing is done at the start of the semester.
Students can receive either aletter grade

Member BC must be in
A) tension

) Can not be determined

are generally made
to members in tension.

A) thicker
B) thinner

) the same size

ATTENTION QUIZ
1. Using this FBD, you find that F. = - 500 N, Fye

B) compression B
2. For the same magnitude of force to be

carried, truss members in compression
~ as compared

Fap

Figure 9. Attention Quiz Example

(from A to E) for each of their problems
or a numerical score, as appropriate for
the level of technology used by the in-
structor.

If the instructor is hand recording
grades, the students use a specially pre-
pared grade sheet (M ehta, 1997) to record
grades for each day’s activities. Or an
optical scan sheet (Mehta & Schlecht,
1998) uses an A through E system so re-

sults can be scanned and results posted
electronically. To minimize the tempta-
tion of cheating, students are asked to
have homework graded by different grad-
ers, with the graders required to sign-off
on the corrected homework paper. Also,
students can berequired to save the home-
work intheir class portfolio notebook for
periodic review by the instructor.

If used, the student’s class portfolio

contains their homework, quizzes, and
tests. Students can aso be requested to
write and share personal experiences re-
lated to the topics covered in the class.
Students are expected to correct their
mistakes, if any, on their homework, quiz-
zes, and tests as soon as possibl e after they
have been graded. The portfolio can serve
students as a useful resource for study-
ing for their examinationsand also for the
related advanced level courses. Students
are also informed that the main purpose
of homework isto learn the subject mat-
ter, and there is a strong correlation be-
tween effort on the homework and test
scores (Yokomoto and Ware, 1991).

As the next event in the class period,
areading quiz (RQ) isgiven. The an-
swersarerecorded as explained abovefor
the homework grades. After the answers
are recorded, a verbal response from the
class is obtained. This verbal response
gives instant feedback to the instructor
about the student responses to the quiz.
Theinstructor then confirmsand explains
the correct response.

The homework checking and reading
quiz process usually takes about ten min-
utes. Then various applications of the
day’s topic are discussed. These appli-
cationsserve asanintroductionto amini-
lecture addressing critical content. In-
cluded in this mini-lectureis coverage of
oneto two basic example problems. This
process usually takes another twenty-two
minutes (for a total of 32 minutes, thus
far).

Following this first set of examples,
students are given a set of concept quiz-
zes (CQ). First, students are asked to
record their individually-determined an-
swers on the grade sheet. Then at the
instructor’s signal, students discuss the
guestions with their neighbors as an in-
formal group activity. After discussion,
students are asked to record a new set of
answers (which could either be the same
or different from their first set of CQ an-
swers) on the sheet. As before, a verbal
response from the class is solicited and
the instructor provides feedback as dis-
cussed earlier. Thisconceptual quiz pro-
cess takes about four minutes (for arun-
ning total of approximately 36 minutes).

Next, students participate in group-
problem solving and tackle additional
problems. This activity is budgeted to
take about another 12 minutes (for arun-
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ning total of 48 minutes). Finaly, an at-
tention quiz (AQ) is given (Mehta, 1993
& 1997). Thisquiz consists of two mul-
tiple-choice questions based on the main
ideasemphasized inthat day’sclass. This
takes about two minutes (for atotal of 50
minutes). The student’s drop-off their
grade sheetsin abox kept near the class-
room door as they leave the room.
Students can al so be required to write
adaily journal describing their learning
ineach class. Suggested topicsare”What
arethepractical applications?’ and “What
arequestionsor thingsthat are not clear?’
The students are al so requested to volun-
teer three hours of their time during the
semester to help other statics students
during the group problem solving ses-
sionsand help sessions. Thisisexplained
to studentsasavariation of servicelearn-
ing, with the classroom being considered
alearning community. Student useasign-
up sheet to select two class periods and
two one-hour times during the semester
when they will serve as tutors. The stu-
dent volunteers are required to study the
group problem before the class period and
to complete their homework before go-
ing to their help-session; thus, they are
prepared to hel p other students as needed.
Various aspects of technology can be
used in the course, as appropriate. The
authors have used a standard web page
containing course syllabus, schedul e, etc.
Linksare provided to other web sites con-
taining on-line multi-media modules on
staticstopics. StudentsNotefilesarealso
linked to the class schedule so students
can access them before class. The read-
ing quizzes, conceptual quizzes, and at-
tention quizzes (and their solutions) are
available on the web page soon after the
class period in which the quizzes are
taken. Exam solutionsare also posted on
the web. A CD-ROM containing Work-
ing Model, simulations can also be pro-
vided inthelibrary for student check out.
At North Dakota State University, a spe-
cial web-based program is used to pro-
vide feedback on daily homework and
quizzes to both students and instructor
(Mehta & Schlect, 1998). A list-serveis
used to send e-mail to al students, on an
as-needed basis. At Arizona State Uni-
versity East, Courselnfo™ software is
being used as a web-based platform to
accomplish many of these samefunctions.

Conclusions

This paper describes and provides ex-
amples of pedagogy-based resource ma-
terials for statics instruction that were
devel oped viacollaboration between fac-
ulty at two universities, the National Sci-
ence Foundation, and acommercial pub-
lisher. These resource materials encourage
studentsto take ownership of their learning
and helpinstructorsturn classroom lectures
into engaging discussions. Other aspects
of themateriaspromote active cooperative
learning and provide classroom assessment
tools to provide quick feedback for both
students and instructors.

A preliminary comparison of students
performance in two statics sectionsindi-
cates that use of these NG Principals-
based teaching materials seem to have a
positiveimpact on student learning. Dur-
ing the early devel opment of the NG Prin-
cipals and the teaching materials, two
sections of staticswere used asatest and
control groups. The control section had
an enrollment of 51 students and was
taught using a traditional lecture-based
approach. The experimental section had
an enrollment of 46 students and was
taught using the pedagogy-based NG
Principals-based resource materials.
Each section had adifferent instructor but
both are recognized by students as excel-
lent teachers (measured by teaching
awards, etc.). Post-semester data showed
that students in both sections earned the
same average semester GPA of 2.69. In
the control section, 35 students (69%)
passed the course (i.e., received an A, B,
C, or D). Inthe experimental section, 41
students (89%) passed the course. Thus,
the experimental section had ahigher pass
rate with 20% more students passing the
course. Additionally, the performance of
those students who had passed was moni-
tored in two later courses, dynamics and
mechanics of materials, both of which
require statics as a prerequisite. Both of
these later courses were taught using a
traditional lecture-based approach. No
significant statistical differencein perfor-
mance between the control and experi-
mental groups of students in these two
follow-on courses was observed.

These preliminary results indicate
that, on average, the 20% additional stu-
dents passing the section using the peda-
gogy-based NGP-based resource materi-
als performed at the same level as the

fewer students passing thetraditional lec-
ture-based approach. These results are
similar to thosein Zunkel’s (2000) learn-
ing community study at lowa State Uni-
versity. Shefound that the retention rate
of freshman studentsin thelearning com-
munity increased from 70% to 83% but
showed no significant difference in aca-
demic performance.

Other evidence from the literature
cited in the Introduction also provides a
strong foundation for the NG Principles
and their implementation via the teach-
ing materials described here. These ma-
terials are shared with other statics in-
structors for their use and experimenta-
tion. It ishoped that instructors will use
these and other research-based resource
materialsintheir classeswith the thought-
ful intent of observing and sharing the
results with respect to student learning.
Students report that they like the materi-
als and this approach to teaching statics.
However, direct evidence that increased
student learning results from their useis
limited. Those data are difficult to gen-
erate, given the absence of areliable mea-
surement tool, i.e., a validated and stan-
dardized test, for assessing student learn-
ing of statics concepts.

As noted earlier, NSF's Education
Material Development (EMD) track of
the Course Curriculum and Laboratory
Improvement (CCLI) program can be
used to devel op teaching resources based
on other emerging pedagogies like prob-
lem or inquiry-based learning. TheAdapt
and Implementation (A&I) track of the
CCLI program is a possible funding
source for adapting the statics model re-
ported hereto other SMET courses. Cur-
rent feedback indicates that faculty at
Southern University and A & M College,
LA, plan to submit such proposals for
developing resource materials for manu-
facturing and heat-transfer courses.

For instructors, these materials pro-
vide a template and model for teaching
statics and other engineering subjects.
Teaching both large and small enrollment
sections becomes easier and more orga-
nized when using the materials. If noth-
ing else, the three quiz sessions per lec-
ture and the group interaction time enliv-
ens the classroom and helps engage stu-
dentsin statics. Thus, the classroomisa
more enjoyable place for both students
and instructors.
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