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Abstract

This study investigated the role of a new paradigm
in teaching large introductory, fundamental engineer-
ing mechanics (IFEM) courses that combined student-
centered learning pedagogies and supplemental learning
resources. Demographic characteristics in this study in-
cluded a total of 405 students, of whom 347 (85.7%) are
males and 58 are (14.3%) females. The students' majors
included aerospace engineering, agricultural engineering,
civil engineering, construction engineering, industrial en-
gineering, materials engineering, and mechanical engi-
neering.

Results of this study, as tested using an independent
samples t-test, validated using a nonparametric inde-
pendent samples test, and a general linear multivariate
model analysis, indicated overwhelmingly that there is
a difference between a class taught passively using the
teacher-centered pedagogy and a class taught actively
using student-centered pedagogy.

The principal focus of this work was to determine if
the new paradigm was successful in improving student
understanding of the course concepts in statics of en-
gineering using student-centered pedagogies in large
classes. After evaluating the effects of several variables
on students’ academic success, the results may provide
important information for both faculty members and
researchers and present a convincing argument to faculty
members interested in academic reform but hesitant to
abandon conventional teaching practices. By promoting
anew paradigm, the potential for improving understand-
ing of engineering fundamentals on a larger scale may be
realized.

Introduction

IFEM courses, which include statics of engineering,
mechanics of materials, dynamics, and mechanics of flu-
ids are essential components to many engineering disci-
plines (Steif & Dollar, 2008). This study is an evaluation of
a new paradigm incorporating a pedagogical reform that
was performed over two semesters at lowa State Univer-
sity (ISU) in'its College of Engineering. The focus of the
new paradigm was to use student-centered learning to
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promote better understanding of conceptual fundamen-
tal knowledge for students.

Student-centered learning was first introduced as
early as the 19605 under a reform pedagogy called quid-
ed inquiry (Karplus & Their, 1969). It was introduced in
3 phases: an exploration phase, an invention phase, and
an application phase. This pedagogy has been found to
provide students with a significantly better conceptual
understanding compared to students taught tradition-
ally (Barman, Barman, & Miller, 1996; Marek, Cowan, &
(avallo, 1994; Stephans, Dyche, & Beiswenger, 1988).

Traditionally taught students are understood as those
whose instruction primarily focuses on verbal and printed
words, rote memorization, and is instruction driven
(Schneider & Renner, 1980).  Students who are taught
traditionally are told what they are expected to know and
concepts are presented deductively, where the faculty
conducts lessons by introducing and explaining concepts
to students, and then expecting students to complete
tasks to practice the concepts. Modern interpretations of
student-centered learning include project-based learn-
ing, case-based learning, discovery learning, and just-in-
time teaching with 3 instructional approaches of active
learning, cooperative learning, and problem-based learn-
ing (Prince & Felder, 2004).

With the hope of effectively investigating the most
fruitful way to teach IFEM courses in large lectures, and
to compare the fraditional pedagogy, which is the full
50-minute lecture, three times a week class to an experi-
mental pedagogy, which is the 50-minute, three times a
week class centered on active learning, this quantitative
study was designed to explore variables affecting student
academic success. The variables included demographic
characteristics and grades eamed in class, including ex-
aminations grades, homework grades, and final class
grades. This study was conducted using data from 2 se-
mesters in statics of engineering (EM 274) at 1SU from 2
different faculty members teaching 2 different sections,
one using the traditional-style pedagogy and the other
using an experimental pedagogy.

Statics of engineering was chosen because its con-
cepts and applications are needed in almost every dis-
cipline of engineering (Benson et al., 2010; Rutz et al,,
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2003). It'is a fundamental prerequisite for subsequent
courses such as mechanics of materials, dynamics, and
mechanics of fluids, and in some programs, other courses
such as tool design, etc. (Beer & Johnston, 2004; Orr,
Benson, & Biggers, 2008). Many researchers (Beer &
Johnston, 2004; Orr et al., 2008; Rutz et al., 2003) believe
that performance in these later courses can be directly
correlated to success in statics of engineering.

In the past, statics of engineering has often been
taught in a traditional lecture and note-taking approach.
According to current understanding (Thomas, Subrama-
niam, Abraham, Too, & Beh, 2011; Zorn & Kumler, 2003),
humans think, leam, and solve problems by making
connections and associations to previous experiences.
Numerous researchers (Gleason, 1986; Thomas et al.,
2011; Zom & Kumler, 2003) have written that if one’s
first exposure to fundamental concepts takes place by
passively hearing it in lecture or by reading it in a text-
book, the experience may not be sufficiently significant or
rich to build connections. Thus, determining factors that
could facilitate academic success in statics of engineering
should be a major concern in engineering education.

Literature Review

Introduction of Literature

As seen from decades of scholarly work about stu-
dent-centered learning in engineering, there seems to be
some validity to the claim that engineering colleges are
“slow to change” (Basken, 2009). Also, it appears to be
unproductive to expect education change to occur imme-
diately at any macro-level, either governmental or insti-
tutional. This leads to the conclusion that expectations for
educational change should focus on change at the micro-
level within specific settings where teaching and learn-
ing is occurring—the classroom. Now the questions
become, what type of micro-level changes should occur,
particularly in IFEM courses, such as statics of engineer-
ing, mechanics of materials, dynamics, and mechanics of
fluids; and what should be the goals of this change?

A review of the literature supports the idea that the
climate of the education setting in teaching IFEM cours-
es should change from instructor-controlled, passive
learning to an environment that encourages mutually
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controlled, active learning (Abdulaal, Al-Bahi, Soliman,
&lskanderani, 2011; Hsieh & Knight, 2008; Kotru, Burkett,
& Jackson, 2010; Myllymaki, 2012). Also supported in
the literature is the statement that the goal of teaching
any introductory, fundamental courses of any discipline
should be to improve learners' fundamental concepts of
the respective discipline and their critical thinking skills
(Ahern, 2010; Pierce, 2013). Scholars active in this field
(Abdulaal et al., 20171; Vallim, Farines, & Cury, 2006) be-
lieve that active learning cannot and should not be taken
out of the process of teaching. For the purpose of this
article, the authors define active learning as a classroom
ethos in which students are responsible not only for their
own learning but also for that of their peers.

Most would agree that from a practical perspective,
everyday life involves being able to function successfully,
actively, and cooperatively in groups, not only in the work
place, but also within the family unit. This concept also
gives an important educational justification as studied
by Magno (2010), which showed that successful actively
and cooperatively engaged thinkers have strong meta-
cognitive abilities—they know what they know and do
not know, can plan a strategy, are conscious of the steps
taken, and can reflect on and evaluate their thinking.

In general, student learning can be broadly catego-
rized into two groups of pedagogies—the traditional
teacher-centered pedagogy and the student-centered
pedagogy (Huba & Freed, 2000). According to Huba
and Freed (2000), the teacher-centered pedagogy in-
volves knowledge transmission from faculty to students,
who passively receive information. They assert that in a
teacher-centered environment assessments are used to
monitor learing with an emphasis on the right answer
and the leamning culture is competitive and individualis-
tic. These features are contrasted by the student-centered
pedagogy that actively involves students in constructing
knowledge. Many researchers (Abdulaal et al., 2017;
Hsieh & Knight, 2008; Kotru et al., 2010; Myllymaki,
2012) agree with Huba and Freed (2000) that the stu-
dent-centered method emphasizes generation of better
questions, learning from errors, and assessments that are
used to diagnose and promote learning. All of these re-
searchers above argue that the learning culture should be
active, cooperative, collaborative and supportive, wherein
both the faculty members and students learn.

Active Learning

Proponents of teacher-centered pedagogy (Detlor,
Booker, Serenko, & Julien, 2012; Drew & Mackie, 2011;
Kim, Sharma, Land, & Furlong, 2013; Leng, Xu, & Qi,
2013; Rahmat & Aziz, 2012; Scott, 2011; Stephen, Ellis,
& Martlew, 2010) arque that the usual lecture method as
seen in the majority of engineering classrooms (Froyd &
Ohland, 2005; Turns, Atman, Adams, & Barker, 2005; Mc-
(lain & Deloatch, 2005; Dym, Agogino, Eris, Frey, & Leifer,

2005) would be more effective when used along with
other teaching strategies. Students will remember more
if brief activities are introduced to the lecture and they are
“actively” performing something other than just listen-
ing (Prince & Felder, 2004). Several researchers (Hsieh
& Knight, 2008; Laws, Sokoloff, & Thornton, 1999), who
incorporated active learning strategies in their instruction,
have shown significant positive effects on student learn-
ing and perception. These researchers arque that the term
“active learning’, as the term suggests, should be defined
as an instruction method or a learning experience, which
is“active”in nature. Either physical or cognitive action can
keep students and faculty engaged with both becom-
ing active participants in the learning process. The term
“participants”is very crucial in describing active learning
because both the students and the instructor “participate’,
hence leaming from the experience (Rahmat & Aziz,
2012). Both are “active” and the explicit intent of active
learning methods is not only to improve the learning of
students, but also the development of the faculty mem-
ber as he/she refines his/her strategies in the teaching-
learning process. A working definition for active learning
in a college classroom is proposed as a learning method
that“involves students in doing things and thinking about
the things they are doing” (Bonwell & Eison, 19971).
Bonwell and Eison (1991) listed some general char-
acteristics associated with active leaming strategies in a
classroom: students are involved in more than listening;
less emphasis is placed on transmitting information and
more on developing students’skills; students are involved
in higher-order thinking (e.g., analysis, synthesis, evalu-
ation); students are engaged in activities (e.g., reading,
discussing, writing, etc.); and greater emphasis is placed
on students’exploration of their own attitudes and values.
(Carmean and Haefner (2002) developed a core set
of Deeper Learning Principles, which is an engaged leam-
ing that results in a meaningful understanding of mate-
rial and content. The Deeper Learning Principles include
learning that is social, active, contextual, engaging and
student-owned. Along with these principles there is
also a need to emphasize the importance of long-term
memory and learning based on building enduring con-
ceptual structures (Detlor et al., 2012; Drew & Mackie,
2011; Foreman, 2003; Kim et al., 2013; Leng et al., 2013;
Rahmat & Aziz, 2012; Scott, 2011; Stephen et al., 2010).
The one underlying emphasis that can sum up these
views on active learning is that the real understanding of
concepts can be revealed in the ability of the learer to ap-
ply the concepts that they have leamed in different situa-
tions (Rahmat & Aziz, 2012). Not just factual information
recall, but a more applied use of the gained factual know!-
edge, can be credited to an effective learning experience.

Issues of Active Learning
In the review of emerging issues in student-centered
pedagogies some researchers (e.g., Bonwell & Eison,

1991) have listed several reasons for the hesitation in
adopting active learning techniques in college class-
rooms, such as faculty evaluation by students and the
administration, classroom environments, assessments in
both institutional and class level, and the need for more
supporting resources. Bonwell and Eison (1991) high-
lighted 5 important barriers in adopting active leamning
strategies, which include inability to cover content, time
required to prepare for classes, inability to use it in large
classes, lack of materials and resources, and the risk of
evaluation by students and peer instructors.

Since transfer of information in a one-way path from
faculty member to student is less time consuming com-
pared to a two-way or rather multi-way path of discus-
sions and questions, a common criticism of the student-
centered instructional model, as indicated by Bonwell
and Eison (1991), is its inherent tendency to take more
time than a traditional lecture model to cover the same
content. The need to spend more time in preparing and
delivering an active learning method of instruction can
inhibit faculty from trying and testing its benefits. For a
higher-quality faculty professional development, more
research needs to be done in this subject of implementing
active learning (Slavin, 1991). So, one of the main chal-
lenges of this study is to devise an active learning strategy
that not only enhances the experience and effectiveness
but also remains within the same time period as a reqular
lecture format—How can active learning concepts be
incorporated in IFEM courses, such as statics of engineer-
ing, mechanics of materials, dynamics, and mechanics of
fluids curriculum to enhance the teaching and leaming
experience of the faculty and the students without a huge
shift from the traditional methods of instruction? This ar-
ticle attempts to answer that question.

Active Learning in Large Lectures and the
Role of Class Size
Although there is no single, best method for address-
ing the effectiveness of student leaming, especially in
large classes, at least seven elements of effective teach-
ing, suggested by numerous researchers discussed below,
shape how much and how well students learn in this
context:
1. Careful design and preparation of the course (Zorn
& Kumler, 2003)
2. The quality of the instructor’s presentations to stu-
dents (Al Nashash, 2013)
3. The level of administration and management of the
course (Cakmak, 2009)
4. Implementing some form of active or experiential
learning, which will engage students more effec-
tively (Myllymaki, 2012)
5. Use of multimedia (Rowland-Bryant, Skinner, &
Dixon, 2011; Walker, Cotner, & Beermann, 2011)
6. Adequate preparation of graduate student teaching
assistants to aid in the classroom (Sargent, Allen, &
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Frahm, 2009)
7. The level of managing assessments (Wanous,
Procter, & Murshid, 2009)

Although many researchers (Al Nashash, 2013; Cak-
mak, 2009; Fata-Hartley, 2011; Yazedjian & Kolkhorst,
2007) have creatively suggested ways to achieve active
learning inside the classroom, but as class size increases
most faculty indicate that the level of participation de-
creases. Too often class size dictates the procedures used
to transmit knowledge to students. Recent research and
experimentation (Ahern, 2010) suggest that active leam-
ing can function in both large and small classrooms. A
recent collection of articles dedicated to active leaming
(Al Nashash, 2013; Cakmak, 2009; Fata-Hartley, 2011;
Yazedjian & Kolkhorst, 2007) suggests that class size
makes little difference in the success or failure of active
learning. Small classes are not necessarily needed for
meaningful learning experiences.

Summary of Literature

Research has shown across the board the effects of
active learning are positive and robust. When compared
to implementation strategies suggested in the literature
(Vest, 2008; Bielenberg, 2011; Felder, Brent, Prince, 2011)
the active learning model appears to be a strong model
for fostering the development of students’ understand-
ing of fundamental engineering concepts in large classes,
such of statics of engineering, mechanics of materials, dy-
namics, and mechanics of fluids. If implementing an ac-
tive learning model does improve the growth of students’
engineering fundamental knowledge, the case for active
learning in large classes as a way to implement micro-
level educational change becomes even stronger in the
first and second-year engineering curriculum.

Research Question

This study sought to answer the question, do ac-
tive learning pedagogies in large classes improve student
ability to understand course concepts and learn problem-
solving measured through semester examination scores,
homework scores, and final class grades?

Methodology

Population

The population of this study was engineering stu-
dents enrolled at ISU. Located in Ames, lowa, 1SU, ranks in
the top twenty in engineering bachelor degrees awarded
in aerospace, chemical, civil, industrial and manufactur-
ing, mechanical, and computer engineering (ISU website,
2013). The population from which the respondents were
drawn are students enrolled in statics of engineering (EM
274) dasses in fall 2012 and spring 2013. The sample
consisted of a total of 405 students, of whom 347 (85.7%)
are males and 58 (14.3%) are females. The students'ma-
jor include the typical majors required to take statics of

engineering in an engineering college: aerospace engi-
neering, 74 students (18.3%); agricultural engineering, 8
students (2.0%); civil engineering, 62 students (15.3%);
construction engineering, 14 students (3.5%); industrial
engineering, 24 students (5.9%); materials engineering,
33 students (8.1%); and mechanical engineering, 169
students (41.7%). There were 21 students (5.2%) who
were from outside the majors mentioned above.

Design and Procedure

This study aimed to answer the overarching question
of whether there is a difference in student performance
in an IFEM class of statics of engineering between the
traditional, teacher-centered pedagogy, 50-minute, three
times a week class (passive learning) and an experimen-
tal, student-centered pedagogy, 50-minute, three times
a week class, which involved interventions including
supplemental videos and interactive-teaching style (ac-
tive learning). A comparison was designed to focus on
three areas of progress, which were student examination
scores, student homework scores, and student overall
class performance.

Passive learning featured in this study is the typical
lecture format where the instructor speaks at the front of
the room and the class sits facing the instructor. Inter-
action between the instructor and students often appear
stiff and limited to questions and answers. The typical
lecture format limits interaction among students during
class time.

Active learning, on the other hand, implied by its very
title, is something “other than” the traditional lecture for-
mat. The concept of active learning in this study is simple:
rather than the instructor presenting facts to the students;
the students play an active role in learning by exploring
issues and ideas under the quidance of the instructor. In-
stead of memorizing, and being mesmerized by a set of
often loosely connected facts, the students leamn a way
of thinking, asking questions, searching for answers, and
interpreting observations.

In this research, a cross sectional, ex-post facto study
was carried out on two groups of participants during two
different semesters: 1) undergraduate students at ISU
who were enrolled in the traditional statics of engineering
class during two different semesters, fall 2012 and spring
2013, and 2) undergraduate students at ISU who were
enrolled in an experimental pedagogy statics of engineer-
ing class during the same two semesters, fall 2012 and
spring 2013.

Independent Variable

The independent variable used in this study is type of
class—traditional, passive learning class versus experi-
mental, active learning class. The traditional class was a
50-minute, three times a week class, passive pedagogy,
teacher-centered learning approach. The experimental
class was a 50-minute, three times a week class, active

pedagogy, student-centered learning approach. The ex-
perimentally taught class involved interventions including
supplemental videos and interactive teaching style, which
involved think-pair-share, one-minute muddiest point,
and problem solving in groups.

Dependent Variables

The dependent variables used in this study are exam
T scores, exam 2 scores, exam 3 scores, final exam scores,
homewaork scores, and final class grades. Exam 1 was an
evaluation on topics, which included: introduction to
statics, force systems, rectangular versus non-rectangular
components, two- and three-dimensional moments,
couples, and two- and three-dimensional resultants.
Exam 2 was an evaluation on topics, which included: free-
body diagrams, two- and three-dimensional equilibrium,
frames and machines, trusses, center of mass and cen-
troid, and distributed loads. Exam 3 was an evaluation on
topics, which included: beams, friction, second moment
of area, product of inertia, and mass moments of inertia.
The final exam was an evaluation on the comprehensive
topics covered from the beginning of the semester until
the end. Three homework problems were assigned for
each lecture.

The database of the students’ class performance in
this study was obtained from individual instructors’ da-
tabases. One of the authors of this study taught the ex-
perimental, student-centered pedagogy, active leaming
class.  Another faculty member taught the traditional,
teacher-centered pedagoqy, passive learning class. Both
instructors used identical methods in calculating students
final class grades, as described in the class syllabus. The
class syllabus was distributed to each student on the first
day of class and posted on Blackboard Learn throughout
the entire semester for student access.

!

Data Analysis

This study employed an independent samples ¢-test,
a nonparametric independent samples test, and a gen-
eral linear multivariate model analysis to understand the
outcome of student learning effectiveness conceming the
impact of leamning interventions using student-centered
pedagogy on their academic leaming. With the hope of
effectively investigating the most fruitful way to teach
IFEM courses in large lectures, this study aimed to answer
the overarching question of whether there is a difference
in student performance in a large lecture IFEM class of
statics of engineering between the traditional 50-min-
ute, three times a week class (passive, teacher-centered
leaming pedagogy) and an experimental pedagogy,
50-minute, three times a week class, which involved
interventions including supplemental videos and inter-
active-teaching style (active, student-centered learning
pedagogy). Quantitative data collection was employed,
which allowed the data to be analyzed using statistical
analysis procedures provided in SPSS statistical software.
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Table 1.

To ensure confidentiality, a dataset was built using stu-
dent identification numbers; however, as soon as the da-
taset was completed, all student identifiers were removed
prior to any statistical analysis and all results are presented
in aggregate form such that no individuals can be iden-
tified. This ensured that the investigators of this project
cannot identify the individuals to whom the data pertain.

Results and Discussion

Before performing any analysis, histograms of the de-
pendent variables were examined to confirm normality.
Normality assumptions were not met; thus the indepen-
dent samples t-test was validated with a nonparametric
independent samples test, and also with a general linear
multivariate model analysis. A summary of descriptive
statistics (N, M, and SD) of each dependent variable by
dasstype is seeninTable 1. Results, as summarized in Ta-
ble 1, show that the experimental class (active, student-
centered learning pedagogy) has means greater than
those of the traditional class (passive, teacher-centered
learning pedagogy) in every dependent variable, except
for homework grades; and the standard deviations of
the experimental class (active, student-centered leam-
ing pedagogy) are less than that of the traditional class
(passive, teacher-centered learning pedagogy) in every
dependent variable.

An independent samples t-test was conducted to de-
termine if there were statistically significant differences in
student performance, as measured from exam 1 scores,
exam 2 scores, exam 3 scores, final exam scores, home-
work scores, and class grades between students taught
using the active, student-centered approach and students
taught using the passive, teacher-centered approach. Re-

sults, as summarized in Table 2, show that;

1. There is a statistically significant difference in the
scores of exam 1 for the experimental, active, stu-
dent-centered class (M=89.45, S0=10.80) and
for the traditional, passive, teacher-centered class
(M=81.60, SD=13.53); 1(236.288)=6.032, p <
001, The effect size for this difference was calcu-
lated a5 0.6412.

2. There is a statistically significant difference in the
scores of exam 2 for the experimental, active, stu-
dent-centered class (M=86.22, SD=12.37) and
for the traditional, passive, teacher-centered class
(M=70.52, SD=18.20); 1(279.232)=9.868, p <
.001. The effect size for this difference was calcu-
lated as 1.0089.

3. There is a statistically significant difference in the
scores of exam 3 for the experimental, active,
student-centered class (M=90.49, SD=10.36) and
for the traditional, passive, teacher-centered class
(M=81.72, SD=16.53); 1(302.913)=6.336, p <

Table 2.
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.001. The effect size for this difference was calcu-
lated as 0.6357.

4. There is a statistically significant difference in the
scores of final exam for the experimental, active,
student-centered class (M=87.71, SD=11.39) and
for the traditional, passive, teacher-centered class
(M=61.28, SD=14.18); (403)=17.436, p < .001.
The effect size for this difference was calculated as
2.0550.

5. There is a statistically significant difference in the
scores of class grade for the experimental, active,
student-centered class (M=91.69, SD=7.481) and
for the traditional, passive, teacher-centered class
(M=74.99, SD=14.18); 1(351.947)=15.278, p <
.001. The effect size for this difference was calcu-
lated as 1.4731.

These results suggest that active, student-centered peda-
gogy does have an effect on student performance.

Next, the independent samples t-test was validated
using a nonparametric independent samples test, as
shown in Figure 1. Again results, as summarized in Figure
1, show that indeed there are overwhelmingly significant
differences in student performance as measured through
exams scores and final class grades. The reason this study
uses a nonparametric independent samples test is be-
cause this approach tests hypotheses while not making

Figure 1. Results of nonparametricindependent samples tests of dependent variables from SPSS (Version 21).

Table 3.
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Table 4.

assumptions about the population parameters. This ap-
proach has the advantage that it applies to a more gen-
eral condition than do parametric tests (such as the in-
dependent samples t-test explained earlier). Observation
of histograms of the dependent variables clearly shows
the absence of a normal distribution, a nonparametric
test was justified. The Mann-Whitney test was chosen in
SPSS (Version 21) while performing the nonparametric
independent samples test.

The result demonstrated in Figure 1 suggests that it
is appropriate to reject the null hypothesis that the dis-
tribution of grades is the same across categories being
analyzed (p < 0.05).

Furthermore, a general linear multivariate model
analysis was conducted; again, it validated and confirmed
the results of the independent samples t-test and the
nonparametric independent samples tests that indeed
there are overwhelmingly significant differences in stu-
dent performance as measured through exams scores and
final class grades as summarized in the results of Tables 3
and 4, particularly on the type of class (traditional—pas-

sive, teacher-centered learning pedagogy versus experi-
mental—active, student-centered leamning pedagogy).

The results of the general linear multivariate model
analysis, as summarized in Table 3, show that the p-val-
ues of major, class type, and semester reveal that these
variables may be used as statistically significant predictors
of class performance across exam grades and class grades
in statics of engineering as tested using four different ef-
fects, Pillai's Trace, Wilks' Lambda, Hotelling’s Trace, and
Roy’s Largest Root.

Examining the p-values of dlass type for exam scores
and class grade in Table 4 reconfirms the critical results
of the independent samples t-test and the nonparamet-
ric independent samples test that there is a statistically
significant difference between the experimentally-taught
students (active learning) and the traditionally-taught
students (passive leamning) in statics of engineering.

Limitations of the Study

The results of this study were as expected and were
supported by the literature regarding active leamning for

the development of curriculum in engineering education.
However, the study was not without limitations:

1. Creating an active, student-centered class is not an
easy task for an educator. It takes formal training,
experience, and a commitment in terms of willing-
ness to make a change in personal perspective, and
in terms of time and effort. A novice attempt at
creating such an environment could very well not
meet standards of treatment fidelity.

2. The sample was not a cross-sectional sample rep-
resentative of the college population. The gender
ratio strongly favored males, with 347 (85.7%)
males and 58 (14.3%) females. Although the
gender ratio is considerably less female than the
ampus as a whole (44%) and less than the ma-
jority female population of academia generally, the
sample gender distribution more closely reflects
the representation of female students within engi-
neering majors.

3. The enrollment ratio strongly favored the tradi-
tional-style lecture, with 297 (73.3%) students
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enrolled in the traditional-style lecture and 108
(26.7%) students were enrolled in the experimen-
tal-style lecture.

4. The enrollment ratio also strongly favored the fall
semester lecture, with 257 (63.5%) students en-
rolled in the fall semester lecture and 148 (36.5%)
students were enrolled in the spring semester lec-
ture.

3. Participants were all learning from a single content
domain—statics of engineering.

4. The principal objective of this study was to inves-
tigate and evaluate outcomes of the experimental
pedagogy class in terms of student understanding
and data collected from fall 2012 and spring 2013.
Any known difference between fall and spring se-
mesters' cohorts may be a limitation to this study,
but was not considered as a potential confounding
variable.

5. There may be limited generalizability and a po-
tential for bias from the findings of this study due
to the absence of randomization of the selected
sample participants. This is due to the facts that: 1)
class sections were selected by individual students
and/or their academic advisors and 2) selection of
the experimental pedagogy class was that of the
researcher in accordance with teaching assign-
ments assigned by college administrators.

Due to the limitations of this study, caution should be
exercised when generalizing the findings of this study to
other populations.

Conclusions

This study was begun in hopes of being able to an-
swer the research question of whether there is a differ-
ence in student performance in an IFEM class of statics
of engineering between the traditional, 50-minute, three
times a week, teacher-centered pedagogy class (passive
learning) and an experimental, 50-minute, three times
a week, student-centered pedagogy class that involved
interventions including supplemental videos and interac-
tive-teaching style (active learning). The results, as tested
using an independent samples t-test and validated using
a nonparametric independent samples test and a gen-
eral linear multivariate model analysis, overwhelmingly
showed that the students in the class taught actively us-
ing the student-centered pedagogy significantly outper-
formed the students in the class taught passively using
the teacher-centered pedagogy, as summarized below:

1. The type of class (traditional or experimental), the
time of year (fall or spring), and major, do predict
student performance across exam grades and class
grades in statics of engineering.

2. Gender (male or female) does not predict student
performance across exam grades and class grades
in statics of engineering.

3. Thereis a statistically significant difference between
the experimentally-taught students (active learn-
ing) and the traditionally-taught students (passive
learning) in student performance on exam scores
and class grades results in statics of engineering.

Recommendations to Faculty and
Future Researchers

Thus, the authors'recommendation is that large IFEM
classes, such as statics of engineering, mechanics of ma-
terials, dynamics, and mechanics of fluids do not have to
be engineering’s behemoth. Any faculty member having
the privilege of teaching them can restructure the course
following student-centered pedagogies and simultane-
ously benefit by the chance to experience a renewed craft
of teaching. The following recommendations are based
on the conclusions of this study:

1. Engineering faculty should be encouraged to use
student-centered learning pedagogies in  their
classroom instruction, particularly in IFEM classes.

2. Resources and support within engineering depart-
ments should be made available for engineering
faculty to learn how to implement student-cen-
tered pedagogies in their classrooms.

3. Further study is needed to determine which stu-
dent-centered strategies engineering professors are
most comfortable with and use most effectively.

4. Further study is needed to determine which stu-
dent-centered strategies have the greatest impact
on student learning.

5. Further study is needed to determine which train-
ing techniques are most effective in working with
engineering faculty to increase their use of student-
centered strategies.

6. Further study is needed to determine the effects of
student-centered learning in dynamics and me-
chanics of fluids.

7. Further study is needed to determine the effects
of student-centered learning in upper-level major
classes.

8. Further study is needed to explore the correlation
of student-centered leaming in introductory, fun-
damental classes, such as statics of engineering,
mechanics of materials, dynamics, and mechanics
of fluids with critical thinking in upper-level major
classes.
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