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Introduction

Learning can be characterized as changing
one’s way of experiencing some phenomenon,
and teaching is then creating situations where
such change is fostered. (Booth, 2004, Brans-
ford et al., 2000). In any subject, there is impor-
tant content — phenomena, concepts, theories,
principles, skills — and there are particularly
productive ways of understanding these, which
form the backbone of the subject (Meyer and
Land, 2003). University students are learning
through interaction with current knowledge to
equip them with the skills they will need once
they graduate and enter the workforce to deal
with situations that may occur many years later
in professional, personal, and social contexts
that can't be specified in advance (Bowden and
Marton, 1998). In essence, university students
are engaged in learning for an unknown future
and instructors must design the curriculum with
that in mind. Rosalind Williams (2002, 2003)
argued, “The mission of engineering changes
when its dominant problems no longer involve
the conquest of nature but the creation and
management of a self-made habitat.” She went
on to depict engineering education as an area
that needs to provide an environment where
students learn to justify and explain their ap-
proach to solving problems and also to deal
with people who have other ways of defining
and solving problems. In a recent survey, more
than half of the 500 school and district aca-
demic leaders stated that their top educational
technology priority for the new administration
and Congress should be assessing students’
21st-century skills, such as problem solving,
critical thinking, creativity, communication, and
collaboration (e-School News, 2008).

In discussing distributed leadership, Gor-
ton and Alston (2009) emphasize the impor-
tance of determining the level of involvement a
leader should undertake to bring about strategic
change; how the leader chooses to accomplish
the core mission of the organization requires
“a deeper understanding and discussion of
people, potential, and results” (p. 16). Leaders
need to be able to work with others to ensure

that the work and functions of the organization
are coordinated without the need for creating
new teams or requiring more meetings, char-
acteristics that require the ability to work inter-
dependently. They also discuss the fact that, to
be a good leader, one must develop good group
dynamics skills to match people with tasks that
fit their knowledge and skills. Another aspect of
leadership they suggest is that group members
must have a spirit of cooperation and team-
work, they must feel valued, they must share
goals, and they must develop a sense of cohe-
siveness and trust to achieve the group goals.
Ethical decision making is also an integral part
of leadership; case studies teach students to
be sensitive to potential ethical dilemmas that
occur in organizations and give them opportu-
nities to practice the process of considering all
options that may influence their decisions (Gor-
ton & Alston, 2009). Fullan (2001) asserts that
organizations must become learning organiza-
tions to be successful; this involves learning
how to think critically to maintain the learning
needed to endure rapid change.

Nair et al., (2009) state that university grad-
uates do not possess important skills required
by employers, such as communication, deci-
sion-making, problem-solving, leadership, emo-
tional intelligence, social ethics skills as well the
ability to work with people of different back-
grounds.  Engineering graduates perceived
that they were not well prepared for working in
multi-disciplinary teams, leadership, practical
preparation, and management skills (Martin et
al., 2005). Leadership is defined as influencing,
guiding in direction, course, action, and opinion
(Bennis and Nanus, 1985). Daniels (2009) in-
sists that we need to develop individuals who
will lead our organizations in the future. Farr
et al., (1997) list that nine broad and domain
independent qualities of big thinker, ethical and
courageous, masters change, risk taker, mis-
sion that matters, decision maker, uses power
wisely, team builder, and good communicator
comprise the skills needed of a leader. The
competing value framework (Zafft et al., 2009)
lists that a leader has to be engaged in a wide
range of behaviors including relating to people,

A literature review identifies a
partial list of leadership skills to
include developing higher-order
cognitive  skills, team working
skills, positive attitude, and abil-
ity to transfer these skills to fu-
ture environment.  This paper
discusses the results of research
conducted on the use of multiple
instructional methodologies in
two different Introduction to Engi-
neering classes in order to devel-
op some of the leadership skills.
The instructional methodologies
used in these courses were lec-
tures, PowerPoint slides and
visuals, case studies, quizzes,
small group discussions, and
projects. The research question
addressed in this paper is: Which
instructional methodologies en-
hance students’ mastery of the
skills and possession of the at-
tributes that are increasingly re-
quired of engineering graduates?
A questionnaire was developed
to obtain responses from stu-
dents. The use of projects and
multi-media case studies was
perceived as valuable in enhanc-
ing the learning experiences and
attitude toward engineering. The
students valued these experienc-
es because they brought theories
and real-world practices together
and provided an opportunity for
them to work together. In both
sections, students believed that
they had better problem-solving
skills and a better foundation of
basic skills as a result of having
taken the course.
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leading change, managing processes, and pro-
ducing results.

Some of the common skill sets mentioned
in these articles include developing higher-or-
der cognitive skills, team working skills, positive
attitude, and ability to transfer these skills to
work environments. Instructional methodolo-
gies, such as lectures, PowerPoint slides and
visuals, case studies, quizzes, small group
discussions, and projects, are available to
develop these skills in engineering students.
Falkenburg stressed the need for new instruc-
tional methodologies in order to use information
technologies more effectively in engineering
classrooms (Falkenburg, 2004, Arreola et al.,
2003). The National Academy of Engineering
(2004) recommends the development of case
studies based on both engineering successes
and failures and the appropriate use of a case-
studies approach in undergraduate and gradu-
ate curricula. Multi-media case studies can be a
powerful tool in exploring the nature of the world
around us, including its technological systems
(Backer, 2005). Projects have been a well-es-
tablished method to provide hands-on training
to students in engineering (Nikolic, 2002).

This paper focuses on studying multiple
instructional methodologies and investigates
which ones develop some of the leadership
skills in an introductory engineering class.
Thus, we pose the following research ques-
tion for this paper: Which instructional meth-
odologies enhance students’ mastery of some
of the leadership skills and possession of the
attributes that are increasingly required of en-
gineering graduates? The instructional meth-
odologies include lectures, PowerPoint slides
and visuals, case studies, quizzes, small group
discussions, and group projects. We studied
a sub-set of the leadership skills: develop-
ing higher-order cognitive skills, team working
skills, positive attitude, and ability to transfer
these skills to work environments in this study.

Research Model

In this section, we establish a research
model, explain the model, define the terms
used in the model, and then expand on the re-
search questions.

Independent variables and their impact on de-
pendent variables in the research model:

In order to answer the research question
posed in the earlier section, we created the re-
search model shown in Figure 1. The model
shows the independent variables on the left and

Independent Variables

Instructional
methodologies:

1. lectures,

2. power point slides/
visuals,

3. multi-media case

studies,

quizzes,

small group

dicrncciane and

St

Dependent Variables

Perceived gain in
higher-order cognitive
skills (learning)

Perceived
improvement in
attitude toward subject
matter (interesting)

Perceived improvement
in team working skills

Perceived impact on future
work environment

Figure 1: Research Model

the dependent variables on the right side of the
figure. Each of these variables is further de-
fined below.

Instructional methodologies:

o The lecture format is a traditional class-
room setup in which the instructor leads the
class through material from textbooks, etc.
Knowledge is transmitted from the expert
(here, the instructor) to the learner (Leidner
and Jarvenpaa, 1995).

o PowerPoint slides and visuals enhance the
lectures by adding visuals that bring ele-
ments that lectures cannot communicate.
Also, slides may contain video clips that
highlight some of the issues.

o Multimedia case studies, on the other hand,
base learning on both individual and group
interactions with the materials. The teacher
discusses the theory in class, then conducts
sessions in a computer laboratory in which
the students analyze the multimedia case
study in order to apply the theories to solve
practical problems. In subsequent classes,
the students present their recommenda-
tions and decide on the final outcome for the
problem posed in the case study (Mbarika,
Sankar, & Raju, 2003; Bradley, Mbarika,
Sankar, Raju, & Kaba, 2007). Multimedia
case studies are extended exercises that
expose students to the complexities of prob-
lems they will face in the workplace. Case
studies present an opportunity for students
to develop a more complex understanding
of the topics while developing their team
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working and communications skills (Max-
well, Gilberti, & Mupinga, 2006). Multime-
dia case studies imply that at least one of
the media (audio, video, or photos) supple-
ments the written text. In addition, these are
expected to be delivered using Web brows-
er formats with hyperlinks, making it pos-
sible for students to peruse the case stud-
ies quickly and easily. Students will have
the ability to switch among various menus
and sub-menus. Use of a multi-media case
study in a classroom requires the use of 3 to
4 class periods to discuss and analyze each
case study. These also provide a multi-dis-
ciplinary approach to teaching engineering
(Zirnheld and Halstead, 2008).

e Quizzes are used to evaluate whether the
learning has taken place in the classroom.
They tend to be short enough that students
can normally complete them within 5 to
15 minutes. They require the students to
answer questions in one or two sentences
(Francis and Schreiber, 2008).

e Small group discussions include exercises
in which the instructor stops the lecture,
provides teams of students a few minutes
to discuss the topic, and then gathers feed-
back. Students may be asked to report on
their discussion. In addition, this might in-
volve providing assignments related to Solid
Modeling and generating engineering draw-
ings in lab settings, where students are ex-
pected to interact with each other and with
the instructor (Nikolic, 2002).

e Projects consist of a scenario that an in-
structor has created that requires the stu-
dents to come up with solutions and imple-
ment them in order to conduct the project.
Typically, projects are conducted by groups
of students. An example of a project might
be assembling a basic catapult from a kit
supplied to them and then determining its
performance. Other projects might be de-
signing a solar-based hot water heater or
an emergency water purification system,
using 3D-conceptual modeling software,
rapid prototyping techniques to design and
fabricate a mold (Savage et al., 2007), a
transportation vehicle capable of transport-
ing a person over a given range and using
a given energy supply, a battery-powered
hovercraft capable of carrying a specified
payload over a distance, and a mousetrap-
spring-powered vehicle capable of trans-
porting a specified load (Nikolic, 2002).

Higher order cognitive skills relate to the
perception that an individual has acquired an

adequate portfolio of skills to make a decision
within a specified period of time. It implies an
improved ability to identify, integrate, evaluate,
and interrelate concepts, and hence make the
appropriate decision in a given problem-solving
situation (Hingorani, Sankar, & Kramer, 1998).
Team working skills are the set of inter-
personal and communications skills that help
individuals function in a team decision-making
environment. Skills of this nature include lis-
tening skills, interpersonal relations skills, idea
sharing, and consensus making. The more
developed these skills are, the more likely and
readily the student will adapt to the team envi-
ronment in a real workplace (Olson, 2003).
The positive attitude of the student en-
compasses both the student’s attitude toward
the subject being taught and whether the stu-
dent believes she or he will be able to learn the
material. This includes emotional response to
learning, confidence in learning new materials,
responsibility, accomplishment, and under-
standing of cross-disciplinary work, all of which
contribute to team working skills and higher or-
der cognitive skills (Santhanam et al., 2008).
Impact on future work environment re-
lates to acquiring skills that will stay with the
person throughout life so that he/she uses the
skills in future work environments.
Based on the research model, we developed
the following research questions:

Which instructional method-
ologies enhance students’ per-
ceived higher-order cognitive
skills?

Which instructional method-
ologies enhance students’ per-
ceived team working skills?

Which instructional method-
ologies enhance students’ per-
ceived positive attitude toward
engineering?

Which instructional method-
ologies enhance students’ per-
ceived impact on future work
environments?

Question 1:

Question 2:

Question 3:

Question 4:

Research Method

To test these hypotheses, we designed an ex-
periment, which we will describe in this section.
Here we will also describe the performance
measures, the teaching methodologies and
procedures used in two different sections of the
course, and the data analysis methods.
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Experimental Design
We decided to answer the research ques-
tions through responses obtained from students
in two sections of an introduction to engineering
course offered in a southeastern U.S. univer-
sity. The objective of this course was to provide
the basic skills an engineer will need to be suc-
cessful in the workplace. These skills are:
e Basic math and science skills
e Team Skills
o Communication Skills
e Engineering Design Skills
e Business and Ethical Skills
o Decision-Making Skills
e Integration of Math and Science principles
in Solving Engineering Problems

The first section was taught by a doctoral
candidate with a few years of industrial expe-
rience. The second section was taught by an
experienced professor with more than 25 years
of experience. The students in the first section
were mostly mechanical engineering students,
whereas the students in the second section
were mostly chemical engineering students.

Instructional Methodologies Used

The instructional methodology used in the
first section used a mix of lectures, lab ses-
sions, case study analysis presentations, and a
design project. Students were provided theo-
retical materials related to an engineering topic
using lecture sessions. Then, they analyzed a
case study related to the lecture session in a
computer laboratory (2 class sessions). The
case study presented an engineering problem
and provided multiple alternatives to solve the
problem. A sufficient number of teams were
created among the students so that each alter-
native could be assigned to one team to defend.
In addition, one team was designated to take
the perspective of the management. During
the third week, the students defended multiple
alternatives as solutions to the problem. The
management team questioned them and, at
the end, made a decision and presented it to
the class. A course map was used as a basis
for developing the course content so that the
theoretical topics and the case studies could be
integrated (Figure 2). The case studies used in
this course map were available from the web-
site www.liteecases.com as Web-based materi-
als and also as a textbook. A detailed tutorial on
how to implement a multimedia case study in an
introductory course is provided in an article by
Bradley et al., (2007).

Attitude Toward
Engineering

Electrical
Engineering
Principles

Understanding of
ethical responsibility

and industrial Safety

~——_Develop Leadership Skills And Capabilities ___

/

Figure 2: Course Map for First Section

The second section used the instructional
methodologies of lectures, quizzes, small group
discussions, PowerPoint slides, and a project to
impart specific chemical engineering topics to
the students using a textbook and evaluated the
learning using tests at regular intervals.

Measures

Because there were several dependent
variables, we used both quantitative and quali-
tative measures to find out the perception of the
students about the effectiveness of the various
instructional methodologies. We developed a
survey that gathered students’ background in-
formation and measured their perceptions on
the different instructional methodologies (Ap-
pendix A). The survey instrument was devel-
oped based on earlier research done. The in-
strument used by Kramer, Sankar, & Hingorani
(1995) became the basis for the development
of the instrument used in this study. Hingorani
et al. (1998) expanded the instrument used by
Kramer et al. in an effort to assess whether stu-
dents perceived improvement in higher-order
cognitive skills. After this expansion of the in-
strument, others (Marghitu, Sankar, & Raju,
2003; Sankar Varma, & Raju, 2007) continued
to refine it. The continued refinements led to
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Construct Survey Items Cronbach Alpha
Cognitive Gains 15,16,17,18, 19 0.859
Team Working Benefits 26,27,28, 29, 30 0.896
Positive Attitude to 1, 2(rev),3,4(rev), 5(rev), 0.803
engineering 6(rev), 7, 8(rev), 9(rev), 10, 11,
12 (rev), 13, 14, 20, 21, 25

Impact on future work 22,23,24,31, 32,33, 34, 35,36 0.860
environment

Table 1: List of Constructs and ltems Used to Measure them

a more comprehensive instrument intended
to measure the impact of instructional mate-
rials on the development of the dependent
variables. In addition to the refinements made
above, studies by Mbarika et al. (2003; 2001)
have continued to validate the instrument. A
College of Education faculty member further
refined the questionnaire and came up with the
questionnaire that is used in this research. The
resulting questionnaire used in this study asked
the respondents to indicate the extent of their
agreement with 36 evaluatory statements on a
5-point Likert scale. The scale ranged from 1,
“strongly disagree,” to 5, “strongly agree.” This
questionnaire was modified in order to develop
two versions: pre and post. Several qualitative
questions were added to the survey so that
the students’ perceptions could be obtained.
The students were assured that the survey
was solely for the purpose of assessing the ef-
ficacy of the teaching methods and would not
affect their course grades. They were implored
to be as open and honest as possible in their
responses. The pre-questionnaire was imple-
mented at the start of the course and assessed
students’ expectations as a result of attending
the course. The post-questionnaire was imple-
mented at the end of the course and assessed
what the students perceived they had learned
as a result of attending the course. Therefore,
the comparison was between the students’
expectations at the start of the course and the
perceptions at the end of the course on the de-
pendent variables.

Procedures Used in the Both Sections

During the first week of the course, students
completed the pre-treatment questionnaires
as part of their course work. Then, the regu-
lar class was conducted using the instructional
methodologies described earlier. During the
last week of the course, students completed the

post-treatment questionnaires as part of their
course work.

Assessing the students in the first section
consisted of awarding 55% credit for the case
study team analysis and lab work, 25% for proj-
ect, 12% credit for the individual assignments
and attendance, and 8% for tests and quizzes.
Assessing the students in second section in-
cluded providing 50% for project, 15% for lab,
30% for quizzes, and 5% for professional de-
velopment memos.

Data Analysis

Responses to questions on the survey were
numerically coded in an Excel spreadsheet fol-
lowing the natural ordinal scale with the assign-
ments: Strongly Disagree = 1, Disagree = 2,
Neutral = 3, Agree =4, and Strongly Agree =5.
In the interest of parsimony, many of the items
were combined to form a total of four constructs
that appeared to represent the essence of the
perceptions elicited from the respondents.
These constructs, along with the Cronbach al-
pha measure of their internal consistency/reli-
ability are described in Table 1. The Cronbach
Alphas were above 0.70 indicating that the
items coalesced together well enough to repre-
sent the four constructs.

Four summated scales corresponding to the
four constructs were formed by averaging the
scores on the survey items identified with each
construct. The change (post-treatment — pre-
treatment) in the summated scores were calcu-
lated and employed as the dependent variables
in four separate t-tests that were run in order to
answer the research questions. In addition, 7
questions were asked in the pre-questionnaire
and 11 questions were asked in the post-ques-
tionnaire in order to understand the relation-
ships between the different instructional meth-
odologies and the dependent variables. These
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First Section —
PowerPoint, Second Section — Difference
Case Study, PowerPoint, Small group | in Post
Project discussion, Project (controlled)
Mean Stdev n Mean Stdev n P-value
Cognitive Skills
Pre 4.1 0.39 66 4.1 0.59 | 39
Post 3.48 0.74 52 3.42 0.84 | 33 0.461
Post - Pre -0.63 0.11 -0.69 0.17
p-value 0.0000002 0.0001
Teamwork
Pre 3.85 0.46 66 3.88 0.85| 39
Post 3.61 0.74 52 3.55 0.85| 33 0.335
Post - Pre -0.24 0.12 -0.33 0.2
p-value 0.022 0.0527
Positive Attitude
Pre 3.73] 0.0.28 66 3.65 0.34| 39
Post 3.66 0.38 52 3.33 0.56 | 33 0.0004 | *
Post - Pre -0.074 | 0.064 -0.327 0.111
p-value 0.244 0.005
Impact on Future
Work
Environment
Pre 3.66 0.43 66 3.88 0.5| 39
Post 3.18 0.55 52 3.41 0.79| 33 0.350
Post - Pre -0.48 0.09 -0.47 0.16
p-value 0.0000007 0.0025

Table 2: Results of Data Analysis of Engineering data for Spring 2008

were analyzed qualitatively in order to answer
the research questions.

Results

This section provides the results of the
analysis of the data collected from the surveys
that were executed in the two sections. Table
2 shows the means and standard deviations for
the differences between the post- and pre-sur-
vey for the four dependent variables for the two
sections. A relatively high mean value implies
a substantial difference between the post and

pre values, whereas a low mean value implies
a minimal difference between the post and pre
values. Because the pre-questionnaire mea-
sured expectation and post-questionnaire mea-
sured performance at the end of the course, it
is expected that the direction of the differences
will be negative.

Open-ended questions were asked of stu-
dents at the beginning and end of the semes-
ter. The numbers shown in the charts below
indicate the number of students mentioning
that coded theme in their response. Responses
were coded by theme, then counted and en-
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Theme First Section First Section Second Section | Second Section

Pre-Survey (66 | Post-Survey (52 | Pre-Survey (39 | Post-Survey (33
students students students students
responding) responding) responding) responding)

Lecture 31 (47 %) 17 (32.7%) 19 (48.7%) 8 (24.2%)

PowerPoint/visuals | 28 (42.4%) 16 (30.8%) 16 (41%) 14 (42.4%)

Group projects 28 (42.4%) 30 (57.7%) 16 (41%) 14 (42.4%)

Individual projects | 0 (0%) 0 (0%) 2 (5.1%) 0 (0%)

Small group 0 (0%) 0 (0%) 6 (15.4%) 0 (0%)

discussion

Real life 6 (9%) 2 (3.8%) 2 (5.1%) 0 (0%)

examples/problems

Hands on activities | 11 (16.7 %) 8 (15.4%) 4 (10.3%) 5 (15.2%)

Multi-media case 4 (6.1 %) 5 (9.6%) 3 (7.7%) 5 (15.2%)

studies

Labs 1 (1.5%) 5 (9.6%) 0 (0%) 0 (0%)

No response/None | 16 (20.3%) 3 (5.8%) 15 (38.5%) 4 (12.1%)

Table 3: Response to Question on Helpful Instructional methodologies

tered into each chart to illustrate the numbers
of student responses reflecting that theme. The
number of students responding to each survey
(pre- and post-) is listed in parentheses in the
table headings. Percentages in parentheses
indicate what percentage of students who re-
sponded to the survey mentioned that theme in
their responses. Data results were presented in
this way, because the students’ responses to
the open-ended questions were typically short
answers that did not allow for in-depth narrative
analysis.

Question: What teaching styles do you find
most helpful in learning new material? (for
example, lecture, distance learning, power
point presentations, multi-media case stud-
ies, group projects, etc.)?

Table 3 provides answers to this question.
Student responses in both classes, on both
pre- and post-surveys, indicated a preference
for lecture, powerpoints/visuals, group projects.
In the first section, the percentage of student

responses indicating a preference for lecture,
powerpoint/visuals, hands on activities, and real
life examples/problems decreased between the
beginning and the end of the semester, while
there was an increase in their preference for
group projects, multi-media case studies, and
labs by the end of the semester. In the case of
students in second section, however, the per-
centage of responses indicating a preference
for lecture decreased from the beginning of the
semester (48.7%) to the end of the semester
(24.2%), while there was a slight increase in the
percentage of responses indicating a preference
for powerpoint/visuals, group projects, hands on
activities, and multi-media case studies.

Do you prefer to work alone or in groups
to solve problems? Table 4 provides answers
to this question. At the beginning of the se-
mester, student responses in both sections in-
dicated a high preference for group work over
other formations for solving problems. At the
end of the semester, percentages of student
responses in the first section increased for both
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Table 4: Response to Question on Group Work

Theme First section First section Second section Second section
Pre-Survey (66 Post-Survey (52 | Pre-Survey (39 Post-Survey (33
students students students students
responding) responding) responding) (responding)

Group 33 (50 %) 27 (51.9%) 22 (56.4%) 18 (54.5%)

Alone 12 (18.1 %) 11 (21.2%) 9 (23%) 4 (12.1%)

No preference 18 (27.2 %) 11 (21.2%) 6 (22.2%) 4 (12.1%)

Alone, then group | 1 (1.5 %) 0 (0%) 2 (5.1%) 0 (0%)

Depends 0 (0%) 2 (3.8%) 0 (0%) 1 (3%)

No response 15 (22.7 %) 1 (1.9%) 1 (2.6%) 5 (15.2%)

working in groups and working alone. Students
who responded to the post survey in the sec-
ond section showed a decreased preference for
both group work and working alone.

What experience do you have with the
engineering field of study? Table 5 provides
the results obtained for this question. The table
indicates that, in both sections, the majority

of students either had no engineering experi-
ence or had only been exposed to engineer-
ing through coursework, independent study,
or high school projects. At the beginning of
the semester, 36.4% of the students in the first
section and 69.2 % of students in the second
section responded that they had no previous
experience with the field of engineering; 39.4%
of the first section students and 15.4% of the

Theme First First Second Second
Section Pre- | Section Section Pre- | Section Post-
Survey (66 | Post-Survey | Survey (39 Survey (33
students (52 students students
responding) | students responding) | responding)

responding)

No experience 24 (364%) (9 (17.3%) 27 (69.2%) 18 (54.5%)

Coursework/Individual | 26 (39.4 %) | 26 (50%) 6 (15.4%) 5 (15.2%)

study/High school

projects

Some exposure (i.e., 2 (3%) 2 (3.8%) 3 (7.7%) 2 (6.1%)

family, town)

Work experience 9 (13.6%) |6 (11.5%) 3 (7.7%) 1 (3%)

Internship 2 (3%) 0 (0%) 0 (0%) 0 (0%)

No response 16 (24.2%) |9 (17.3%) 0 (0%) 7 (21.2%)

Table 5: Experience in Engineering Field of Study
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Table 6: Response to Question on Learning Experience

Theme First section First section Second section Second section
Pre-Survey (66 | Post-Survey (52 | Pre-Survey (39 [ Post-Survey (33
students students students students
responding) responding) responding) responding)

More interactive/ | 19 (28.8%) 5 (9.6%) 5 (12.8%) 4 (12.1%)

hands on

activities

More time to do 0 (0%) 0 (0%) 1 (2.6%) 2 (6.1%)

work/Less

homework

Have different 5 (7.6%) 6 (11.5%) 0 (0%) 0 (0%)

class time

Make it 6 (9.1%) 11 (21.2%) 5 (12.8%) 1 (3%)

fun/interesting

Improved study 4 (6.1%) 0 (0%) 0 (0%) 0 (0%)

habits

More/better 1 (1.5%) 5 (9.6%) 1 (2.6%) 2 (6.1%)

lectures w/ labs

Fewer ppts. 0 (0%) 3 (5.8%) 0 (0%) 0 (0%)

More case studies | 0 (0%) 2 (3.8%) 0 (0%) 0 (0%)

Fewer case 0 (0%) 2 (3.8%) 0 (0%) 0 (0%)

studies

More group work | 0 (0%) 4 (7.7%) 0 (0%) 1 (3%)

More History 0 (0%) 1 (2%) 0 (0%) 0 (0%)

Channel

Less history 0 (0%) 1 (2%) 0 (0%) 0 (0%)

More technology | 0 (0%) 2 (3.8%) 0 (0%) 0 (0%)

Better teacher 0 (0%) 3 (5.8%) 0 (0%) 3 (9.1%)

More guest 0 (0%) 0 (0%) 0 (0%) 1 (3%)

speakers

Less computer 0 (0%) 1 (2%) 0 (0%) 0 (0%)

work

No 41 (62%) 12 (23.1%) 23 (59%) 17 (51.5%)

response/None

second section students indicated having had

exposure to engineering in previous school

work or through independent study. Interest-
ingly, at the end of the semester, the number
of students who reported having no experience
with the field of engineering decreased in both
sections, indicating that they were considering
their coursework in this class to have added to

their engineering experience.

What suggestions do you have for en-
hancing your learning experience in this
course? Table 6 provides the responses to
this question. The greatest differences in the
percentages of student responses between
the beginning and the end of the semester oc-

Journal of STEM Education Uolume 11 e Issue 3 & 4 Leadership Issue m




Theme First section First section Second section Second section
Pre-Survey (66 Post-Survey (52 | Pre-Survey (39 Post-Survey (33
students students students students
responding) responding) responding) responding)

Improved 13 (19.7%) 12 (23.1%) 16 (41%) 12 (36.4%)

teamwork

Career choices 8 (12.1%) 0 (0%) 7 (18%) 0 (0%)

Engineering 14 (21.2%) 10 (19.2%) 6 (15.4%) 3 (9:1%)

principles

Better problem 9 (13.6%) 6 (11.5%) 3 (7.7%) 3 (9.1%)

solving

Better 11 (16.7%) 7 (13.5%) 4 (10.3%) 3 (9:1%)

communication

skills

Better 5 (7.6%) 5 (9-6%) 3 (7.7%) 6 (18.2%)

foundation/ Basic

skills/

Employability

Don’t know 8 (12.1%) 7 (13.5%) 0 (0%) 2 (6.1%)

Indeterminate 0 (0%) 2 (3.8%) 0 (0%) 0 (0%)

answer

No response 20 (30.3%) 8 (15.4%) 3 (7.7%) 8 (24.2%)

Table 7: Response to Question on Impact on Future Work Environment

curred in the first section, where the percent-
ages of student responses indicating a desire
for hands-on activities/interactive assignments
decreased from 28.8% to 9.6%. The first sec-
tion student response percentages increased
on such themes as having a different class time
(from 7.6% to 11.5%), making it fun/interesting
(9.1% to 21.2%), having more/better lectures
with labs (1.5% to 9.6%), more group work (0%
t0 7.7%), and fewer PowerPoints (0% to 5.8%).
In the case of students in the second section,
the percentage of responses increased on such
themes as having more/better lectures with
labs (2.6% t0 6.1%) and having more time to
work on projects (2.6% to 6.1%). In number,
the most comments related to their desire for
a more interesting class; for example, students
said:

o Please make it more interesting. More in-
teresting lectures & more labs where we
have to create something & less time sitting
at a computer.

o Lectures were boring and pointless. Teach-
er went on about nothing. Make lectures in-
teresting or fun or cut them out. Lab was
okay, but 3 case studies got repetitive.

In the second section post-survey, there was
a decrease (from 12.8% to 3%) in the percent-
age of student responses indicating a desire
for more fun/interesting classes; it is possible
to interpret this to mean that, by the end of the
semester, students felt that the traditional class
had been fun or interesting, or it may mean that
they felt other factors were more important to
report as being helpful to their learning expe-
rience. In both pre- and post-surveys for this
class, the majority of students indicated no sug-
gestions for improvement. The highest number
of participants responding on the post-survey
themes indicated that having more interactive/
hands on activities would most enhance the
course, similar to what they responded on the
pre-survey. Summarized comments included
their desire for more interesting class that had
fewer or better lectures and more hands-on ac-
tivities, more group activities, fewer PowerPoint
presentations, and more guest speakers.

How do you perceive that you might use
the information learned in this course in
your future work environment? Table 7 pro-
vides a summary of the responses to this ques-
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Theme First section Post-Survey (52 | Second section Post-Survey
students responding) (33 students responding)

Projects 28 (53.8%) 17 (51.5%)

Labs 13 (25%) 0 (0%)

Engineering 6 (11.5%) 2 (6.1%)

principles/programs

Lectures w/guest speakers 2 (3.8%) 3 (91%)

Group work 2 (3.8%) 4 (12.1%)

Interactive activities 1 (1.9%) 0 (0%)

No response/none 6 (11.5%) 5 (15.2%)

Table 8: Response to Question on Helpful Learning Experience

tion. In the second section post-survey, the
percentage of student responses that indicated
their expectation that the course had improved
teamwork potential on a future job decreased,
yet on the post-survey of the first section, the
percentage of student responses for that theme
increased. This indicates that students who
were exposed to the use of multi-media cases
felt that their exposure to that treatment(s) in
class was helpful to them in developing team-
work skills that would be useful to them in the
future. There was a slight decrease in the num-
ber and percentage of students in both classes
who responded that learning engineering princi-
ples would help them in a future job. In the first
section, percentages of student responses de-
creased slightly for students believing that they
had better problem solving skills, but increased
for those believing they had a better foundation
of basic skills as a result of having taken the
course. In the second section, percentages of
student responses increased slightly for better
problem solving skills and increased for better
foundation of basic skills. The percentage of
responses by students in both sections showed
a slight decrease on the theme of better com-
munication skills.

What part(s) of this course did you find
to be most helpful to you in learning the
material? Table 8 provides a summary of re-
sponses to this question. Overwhelmingly, in
both sections, students indicated their prefer-
ence for the use of projects to learn the course

material. Labs in the first section were identi-
fied by students as being very helpful in aiding
them to learn course material. In the second
section, 14 of the 17 students who mentioned
project as being helpful specified the car/race
design project, while students in the first sec-
tion specifically mentioned the paper lab, the
chip project, and Solid Edge labs. This may be
interpreted to mean that, in both sections, the
hands on activities and projects on which stu-
dents work are perceived to be helpful to them
in learning the course material.

What part(s) of this course did you find to be
most interesting? Table 9 provides a summary
of responses to this question. The students in
the first section overwhelmingly found the labs,
design and group work, as well as lectures, to
a lesser extent, most interesting. Students who
responded to the post survey in the second
section indicated finding lectures, the design
and group work, and PowerPoint presentations
most interesting.

How beneficial would you rate the use
of multi-media case studies in your learning
material presented in this course? Table 10
provides a summary of responses to this ques-
tion. Students from both sections indicated that
case studies were beneficial to their learning
the course material. In the first section where
multi-media case studies were used on a regu-
lar basis, students who felt the case studies
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Theme First section Post-Survey (52 | Second section Post-Survey
students responding) (33 students responding)

Labs 25 (48.1%) 0 (0%)

Design project 6 (11.5%) 5 (15.2%)

Group work 4 (7.7%) 5 (15.2%)

Lectures 5 (9.6%) 6 (18.2%)

PowerPoints 1 (1.9%) 4 (12.1%)
Reports/presentations 2 (3.8%) 2 (6.1%)

Technology 2 (3.8%) 0 (0%)

Hands on work 1 (1.9%) 0 (0%)

GTA/teacher 0 (0%) 2 (6.1%)

Text 1 (1.9%) 0 (0%)

No response/None/NA 11 (21.2%) 10 (30.3%)

Table 9: Response to Question on Interesting Learning Experience

were beneficial commented that the case stud-
ies made learning fun, gave them a real-world
perspective of engineering, and enabled them
to work in teams to solve problems. One stu-
dent said:

o \Very beneficial. They showed real world
examples of what can go wrong and what
can happen as a result. Also the split sec-
ond decision that must be made.

Negative comments about the use of multi-
media case studies included that they were
not always relevant, they were repetitive, and

the decisions to be made were common sense,
rather than challenging students. As one stu-
dent put it:
e The first few case studies were beneficial,
because it was learning about something
new, but after that they seemed pointless.

Students in the second section indicated
that they liked the PowerPoint presentations
and other visual aspects and enjoyed the guest
speakers who came in to talk about their jobs
and give insight into the work environment.

Theme First section Post-Survey (52 | Second section Post-Survey
students responding) (33 students responding)

Beneficial 24 (46.2%) 9 (27.3%)

Not beneficial 20 (38.5%) 1 (3%)

No response/NA 8 (15.4%) 23 (69.7%)

Table 10: Response to Question on Effectiveness of Multi-Media Case Studies
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Theme

First section Post-Survey (52
students responding)

Second section Post-Survey
(33 students responding)

Positive response

34 (65.4%)

13 (39.4%)

Negative response

6 (11.5%)

1 (3%)

No response/NA

12 (23.1%)

19 (57.6%)

Table 11: Response to Question on Effectiveness of Group Work

How helpful did you find the use of stu-
dent groups/teams to solving the problems
presented in the case studies? Table 11
provides a summary of responses to this ques-
tion. In both sections, the majority of students
responded positively that working with groups
or teams was helpful to solving problems in the
case studies. Students in the first section indi-
cated that work in groups is “similar to a real-
world job and give(s) students good experience
with teams.” Another said, “Getting different
opinions from other group members was a big
part of how to understand different view points
before arriving at a solution.” Three of the stu-
dents in the first section mentioned the need to
regulate the size of groups, saying, “it was hard
to give everyone a job” and “the groups need
to be small or they don’t work together.” In the
second section, one student expressed a typi-

cal complaint that students have about working
in groups:

o |t was very helpful, but it is difficult when
two people in your group do not do any-
thing to contribute to the project. | do not
think they should have a chance to make
up that grade either.

What suggestions do you have for the
instructor to improve his/her overall teach-
ing in this course? Table 12 provides a sum-
mary of the responses to this question. In the
first section, the most responses dealt with the
instructor's presentation skills. Some of these
responses were positive, such as, “he was very
energetic during lectures,” and, “he was more
organized than most teachers | have.” Other
responses suggested that he “be more loose,
not so uptight” and “be funny — yell and curse

Teacher related factors 12 (23.1%) 3 (9.1%)
Make it fun/interesting 11 (21.1%) 1 (3%)
Change the time of the class 5 (9.6%) 0 (0%)
More interactive/hands on 3 (5.8%) 5 (15.2%)
More design projects 2 (3.8%) 1 (3%)
Fewer design projects 1 (1.9%) 0 (0%)
More group work 1 (1.9%) 1 (3%)
More technology 1 (1.9%) 0 (0%)
More case studies 1 (1.9%) 0 (0%)
Fewer case studies 2 (3.8%) 0 (0%)
Fewer lectures /More ppt 2 (3.8%) 0 (0%)
Less history 1 (1.9%) 0 (0%)
No response/NA/none 16 (30.8%) 22 (67%)

Table 12: Response to Question on Suggestions for Inprovement
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—that'll get our attention” (so early in the morn-
ing) or “try not to just read the lectures word-for-
word.” Making it fun or interesting was a theme
of their responses, including such comments as
“make it less boring,” “make it more interesting,”
or use “better stories and comparisons.” Five
(9.6%) of them commented that the early morn-
ing class start time of 8:00 a.m. was too early in
the morning, and one of them mentioned that
he/she would like for the labs to be earlier than
6 p.m. In the second section, students indicated
that they would like to have more interactive
activities to enable them to be engaged more
in “doing engineering concepts and less hear-
ing what they are.” Two of the three responses
that addressed the instructor suggested that he
needed to speak louder and more clearly, fully
explaining criteria. Another suggestion for the
instructor was to post more examples for the
projects.

Discussion

In this section, we discuss the results and
show how they answer the research questions
raised in an earlier section.

Which instructional methodologies enhance
students’ perceived higher-order cognitive
skills?

The quantitative results in Table 2 show that
students in both sections had a higher expecta-
tion about their cognitive gain in the start of the
course (4.11 and 4.11) compared to the end of
the course (3.48 and 3.42). Overall, the mean
stayed above 3.0, showing that the students’
expectations and perceptions on cognitive
gains were positive as a result of attending the
two sections. The qualitative results in Table
3 show that students in both sections preferred
lectures, PowerPoint presentations and visuals,
projects, real life examples/problems, hands-
on activities, and multi-media case studies in
order to help them learn new materials.  On
the post-survey in both sections, students sug-
gested that lectures were monotonous and bor-
ing after a while. Though there were some com-
ments indicating that students were bored with
the use of so many PowerPoint presentations,
they also mentioned how helpful it was to have
concepts from the lectures summarized on the
PowerPoint presentations (Table 9). Table 6
shows that the students indicated that having
more interactive/ hands-on activities would en-
hance the course.

Tables 9 and 10 indicate that hands-on and
interactive activities, such as design projects

and multi-media case studies, were viewed
very positively as tools to teach ethics, deci-
sion making, problem solving, and teamwork.
Students also felt that they had been exposed,
in varying degrees, to useful engineering prin-
ciples that would benefit them in future work.
Table 10 shows that the case studies provided
students with a look at the applicability of some
of the engineering principles they were learn-
ing. They commented that the case studies
made learning fun, gave them a real-world
perspective of engineering, and enabled them
to work in teams to solve problems (Table 10).
The multi-media case studies in general, along
with other hands-on activities were able to hold
students’ interest while learning the engineering
and design principles of the course. Students,
however, suggested that the uniqueness and
innovation of a new technology wore off rapidly
through the semester as they became inured to
its use in class. They suggested that two to three
cases per course would be sufficient to teach the
principles instructors were attempting to teach
through the use of case studies and would pre-
vent students from becoming bored and work
from becoming repetitious. Table 8 also shows
that students preferred the use of projects in or-
der to learn the course materials. These projects
included car/ race design project, paper lab, the
chip project, and Solid Edge labs.

Which instructional methodologies enhance
students’ perceived team working skills?

The quantitative results in Table 2 show that
students in both sections had a higher expecta-
tion about their team working skills in the start
of the course (3.85 and 3.88) compared to the
end of the course (3.61 and 3.55). Overall, the
mean stayed above 3.0, showing that the stu-
dents’ expectations and perceptions on team
working were positive as a result of attending
the two sections. At the beginning of the se-
mester, students in both sections indicated a
preference for being taught course content via
lectures, PowerPoint presentations, and proj-
ects as indicated in Table 4. The numbers of
students who reported a preference for lecture
at the end of the semester, however, decreased
in both sections; while the reason for the de-
crease in reporting a preference for this mode
is not known, it is possible that, after having just
completed an intensive course that heavily re-
lies on the use of lecture, students were simply
not excited by the prospect of learning by lec-
ture alone.

In both sections, students found that case
studies and projects enhanced their team work-
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ing skills. Students indicated increased interest
in the use of group work to learn new material
(Table 5), which indicates that students found
group work, on the whole, to be a positive expe-
rience; however, there were several comments
indicating that they should be allowed to choose
their own group members for accountability pur-
poses, that group sizes should be kept small to
enable all members to participate and to evenly
distribute work assignments, and that those
group members who fail to participate should
be penalized. Group work, on the whole, was
viewed as a positive experience and provided
students with different viewpoints and shared
responsibility in decision making. Students in
both sections valued the opportunities to im-
prove their ability to work in a team setting. They
were able to experience the process of making
decisions and solving problems with a group
and were exposed to the problems associated
with group work, such as when each member
does not participate. They also recognized the
benefits, such as enabling them to hear others’
perspectives and see viewpoints that they might
not otherwise have considered. Group work also
taught them the importance of being able to com-
municate one’s ideas to others.

Which instructional methodologies enhance
students’ perceived positive attitude toward
engineering?

The quantitative results in Table 2 show that
students in both sections had a higher expecta-
tion about their attitude toward engineering at the
start of the course (3.73 and 3.65) compared to
the end of the course (3.66 and 3.33). Overall,
the mean stayed above 3.0, showing that the stu-
dents’ expectations and perceptions on attitudes
were positive as a result of attending the course.
Although there was no significant difference be-
tween the pre-scores of sections one and two we
found a significant difference between the post-
scores, with section one having the higher score.
This suggests that the use of multi-media case
studies in the first section might have influenced
the students to have a more positive attitude
about engineering. The students in the first sec-
tion overwhelmingly found the labs, design and
group work involved in use of multi-media case
studies, as well as lectures, to a lesser extent,
most interesting. Students in the second sec-
tion indicated finding lectures, the design and
group work, and PowerPoint presentations most
interesting. The students stated that instructors
could make the instructions clearer and the class
more interesting, less monotonous, and less
repetitious. They also made suggestions related

to presentation skills of the instructor, such as
speaking louder, not reading from the Power-
Point slides, and speaking in a lively tone.

Which instructional methodologies enhance
students’ perceived impact on future work
environments?

The quantitative results in Table 2 show
that students in both sections had a reasonably
high expectation about their perceived impact
on future work environments in the start of the
course (3.66 and 3.88) compared to the end of
the course (3.18 and 3.41). Overall, the mean
stayed above 3.0, showing that the students’ ex-
pectations and perceptions of impact on future
work environments were positive as a result of
attending the course. The pre-survey and post-
survey responses for both sections indicate
some similar results (Table 3). Most students in
both sections had little or no actual work experi-
ence, though some of them had been exposed
to engineering principles through coursework,
projects, or internships. Table 7 shows that in
the second section post-survey, the percentage
of student responses that indicated their expec-
tation that the course had improved teamwork
potential on a future job decreased, yet on the
post-survey of the first section, the percentage
of student responses for that theme increased.
This indicates that students who were exposed
to the use of multi-media cases felt that their
exposure to that treatment in class was help-
ful to them in developing teamwork skills that
would be useful to them in the future. The same
pattern was found on the post-survey for their
learning engineering principles; percentages
of student responses in the second section
decreased, while the percentage of student
responses in the first section indicated that the
engineering principles they had learned would
help them in a future job. In both sections, per-
centages of student responses indicated that
students believed that they had better problem-
solving skills and a better foundation of basic
skills as a result of having taken the course.
Employability and basic foundation principles
were improved, and students had the oppor-
tunity through these courses to become better
problem solvers.

Implications for Research
and Practice

Effective Instructional methodologies in an In-
troductory Class

The major conclusion is that there is a need
to include hands-on activities such as projects,
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multi-media case studies, and labs in introduc-
tory engineering classes. The results clearly
show the need for change in the instructional
materials that are being used in introductory
engineering classes. Glyer-Culver (2003) re-
ported in a survey of students that they were
not well prepared for leadership and decision
making skills. Leidner and Jarvenpaa (1995)
recommended that information technology be
used to improve learning processes.

Multimedia case studies were well received
by students in an introductory class, where
they perceive improvement in their attitude
toward engineering compared to another sec-
tion where these materials were not used. The
educational strategies used in developing the
multimedia case studies—real-world examples,
role playing as managers and executives, pre-
sentation requirements, and use of photos and
videos—might be useful in the development of
similar multimedia case studies. At the same
time, students perceived that case studies start-
ed losing their effectiveness once there were
more than 3 in a semester. Also, the instructor
had to make sure the case study used was rel-
evant and the decision was not only based on
common sense, but on engineering principles
also.

Projects were another important instruc-
tional material that need to be incorporated in
introductory engineering classes.  Students
were able to apply the theoretical constructs
learned in class to a well-structured situation to
come up with a solution. Since most students
did not have experience when they entered this
course, it was important for them to work on
projects so that they can see the applicability
of the abstract theories to real-world problems.
The students also were excited about the use
of the projects in both pre and post surveys, in-
dicating that their level of enthusiasm for work-
ing on projects remained strong throughout the
semester.

Learning through work or real-world-based
instructional materials, such as multi-media
case studies or projects,offers advantages over
traditional teaching and learning approaches
(Wilcox, 2004). It provides opportunities for:

- Demonstrating the usefulness and rele-
vance of learning to the work environment,
thereby assisting the learning to become
embedded in the learner;

- Linking theory to practice, so that the stu-
dent is better able to understand the ratio-
nale for current procedures and, indeed,
improve or develop current practice

- Applying new skills, knowledge, and un-

derstanding in the workplace to benefit
both the employee and employer

- Developing the “soft skills” that will be re-
quired of the future engineer once he or
she enters the modern workplace, and

- Demonstrating to the student the continu-
ing and informal nature of the learning ex-
periences in life that underpin continuing
professional development.

Group work was also considered an es-
sential instructional strategy to be followed in
this course. Overall, most students preferred
working in groups to learn new materials even
though they did express stress involved with
working in groups. The instructor had to ensure
that the students in the group were properly re-
warded for their work.

Need to rethink educational pedagogy given
that number of students attracted to engi-
neering field is decreasing

Kirsh et al. (2007) argued that women and
minorities are not being attracted to engineer-
ing and computer science disciplines and the
degree of inequality (gap between our best and
least proficient) is among the highest in Orga-
nization for Economic Cooperation and De-
velopment (OECD) countries.  OECD brings
together the governments of thirty countries
committed to democracy and the market econ-
omy from around the world. The earnings pre-
miums are substantially higher for individuals
who have higher cognitive skills, indicating that
both education and skills contribute to individual
opportunities (Kirsh et al., 2007). They stated
that there is a need for new policies focusing on
education and skill attainment.

An interesting research question is whether
the current instructional methodologies are a
contributing factor to this deficiency. This pa-
per shows that instructional methodologies of
projects and multimedia case studies were able
to make a significant improvement in students’
perceived higher-order cognitive skill gain and
attitude toward engineering. Most engineering
educators do not get adequate training on these
instructional methodologies.  Even though
these results are encouraging, there is reluc-
tance on the part of faculty members to adopt
new instructional methods. In addition, the re-
ward systems at most universities do not put
much emphasis on widespread implementation
of innovative instructional materials. Therefore,
it is critical that more research be performed to
further replicate and validate the results of this
study.
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In addition, other methodologies are avail-
able: industry projects, site visits, and problem-
based learning modules, which might be able to
achieve similar results. These were not imple-
mented in the two sections that were studied in
this paper. It is critical that research be con-
ducted to evaluate the value of each of these
methodologies.  This paper contributes by
proposing a research model, measurable con-
structs, and a set of questionnaires. Further ex-
perimentation by comparing other educational
methodologies will be very valuable in enhanc-
ing the educational experiences of students.

Limitations

This paper reports on the results of an ex-
periment to measure the perceived gains as-
sociated with the implementation of different
instructional methodologies in an introductory
class. The methodology has several limitations
and they are discussed in this section.

Need for Longitudinal Results

The results are based on analyzing data
obtained over one semester. It is important to
repeat the experiment and run the model over
several semesters and instructors. It will add
to increased generalizability of the model. In
addition, longitudinal tracking of students in the
sections will add value to the study.

Need for measurement other than perceptions

A limitation of this study is that the reported
results are based on the perceptions of the stu-
dents. Another possibility is to track the stu-
dents’ career choices and employment offers
after graduation. Unfortunately, students go
through many different courses through their
educational programs and it might be difficult to
attribute their achievement to what they learned
in one class. It would be interesting to survey
students in a longitudinal study after they have
begun their working careers to determine if
their perceptions of the benefits of the course
content and strategies/skills have changed. It is
also possible to employ external evaluators to
observe students at work and make generaliza-
tions based on such observations.

Need for more qualitative methodologies in col-
lecting data

The use of survey open-ended questions
was chosen logistically to facilitate the data col-
lection process, yet the choice of interviews or
focus groups that enable the researchers to ac-
quire more in-depth data responses may prove

more beneficial. Face-to-face qualitative meth-
ods, such as one-on-one interviews or focus
groups, allow the researchers to ask students
for examples of meaning and for elaboration of
responses that are not as feasible with surveys.

Need to study other Leadership Skills

This study was limited in studying the im-
pact of the case study methodology on only a
sub-set of the leadership skills. It is critical to
develop appropriate measures for the other
leadership skills (Zafft, 2009; Farr and Brazil,
2009) and investigate how well this methodol-
ogy helps develop them.

Development of a Causal Model

| nthefuture, itis possible to develop a causal
model that links the acquisition of different skills
to the overall performance in the course. It is
also possible to test this model across different
campuses by acquiring data on implementation
in several sections.

Conclusions

Weber (2004) discussed students’ difficulty
in obtaining a deep understanding of and facility
with higher-level skills without having first ac-
quired a good knowledge of fundamental engi-
neering concepts. He emphasizes the need for
a broad, long-term perspective. The projects
and multimedia case study methodology report-
ed in this paper seem to have addressed the
issue that Weber discussed: perceived acquisi-
tion of higher-level and leadership skills while
having a reasonable knowledge of fundamental
engineering concepts. This argues for the need
for further research into adopting these instruc-
tional materials widely in other schools and for
developing other innovative instructional mate-
rials. However, academics are slow to change
given that producing research results requires
years of work and that publication requires ad-
ditional time. In the mean time, the instructional
materials have a possibility of getting out-of-
date, thereby providing educational benefits to
only a limited number of students.

This paper shows that a few instructional
methodologies—projects, multimedia case
studies, and group work—can make major
changes in students’ perceived skill develop-
ment in an introductory engineering class. It
is imperative that administrators in universities
and other policy makers in private and public
grant agencies invest substantial resources to
researching the effects of this and other instruc-
tional materials on students’ leadership skill im-
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provements and to providing rewards to faculty
members to adopt these methods in their class-
rooms.
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Appendix A

Pre-Survey of Attitudes and Perceptions toward Engineering

5- point scale.
A = Strongly Disagree (SD)
B = Disagree
C = Neutral (neither agree nor disagree)
D = Agree
E = Strongly Agree (SA)

Instructional materials are defined as the class lectures, text book, homework exercises, and innovative materials such as multi-

media case studies that will be used in this course in the immediate future.

Code #:

The questions helow are designed to identify your attitudes about Engineering. Be as honest as possible; there are no correct or
incorrect answers. Your responses will not impact your grade in this course or in other courses. If you have very limited experience
with engineering, then respond to the following questions with your expectation/beliefs. Please rate the degree to which you agree
or disagree with the following statements in this questionnaire by bubbling in or clicking on the response according to the following

—_—

. Engineering is a subject learned quickly by most people.

. I have trouble understanding Engineering because of how I think.

. Engineering concepts are easy to understand.

. Engineering is irrelevant to my life.

. I get frustrated going over Engineering tests in class.

. I am under stress during Engineering classes.

. I understand how to apply analytical reasoning to Engineering.

. Learning Engineering requires a great deal of discipline.

O |0 | |\ [V |~ |Jw o

. I have no idea of what's going on in Engineering.

10. I like Engineering.

11. Engineering is highly technical.

12. I feel insecure when I have to do Engineering homework.

13. I can learn Engineering.

14. Engineering skills will make me more employable.

15. T expect to learn how to identify engineering tools that will assist me in decision-
making using the instructional materials.

D 1 IS = - 5= il - 1S~ I5- S- 1S-c -
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16. I expect to learn how to inter-relate important topics and ideas using the
instructional materials.

>
vy

@
w)
tr

17. T expect to learn how to identify various alternatives/solutions to a problem

using the instructional materials. A

B

C

D

E

18. I expect to improve my problem solving skills using the instructional materials. A
19. I expect to learn how to sort relevant from irrelevant facts using the instructional
materials.

B

C

D

E

A B C D E

20. I expect the instructional materials, class activities, labs, and assignments to be
integrated in a way that makes my learning easier.

A B C D E

21. I expect use of the instructional materials to emotionally engage me in learning
the course topics.

A B C D E
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22. I expect using the instructional materials to increase my self-confidence. A B C D E
23. I expect to achieve a sense of accomplishment in learning by using the
. . . A B C D E
instructional materials.
24. 1 expect using the instructional materials will help me assume a greater
e ! A B C D E
responsibility for personal learning.
25. If I ever were to become a high ranking engineer in a company I would hire
other engineers to help with decision making. A B C E
26. I expect using the instructional materials will help me improve my team-
o : . A B C E
building and interpersonal skills.
27. I expect using the instructional materials will help me and my classmates listen
, . A B C D E
carefully to each other’s statements and ideas.
28. I expect using the instructional materials will help me and my classmates arrive A B CODE

at decisions based on consensus building.

29. I expect using the instructional materials will help me and my classmates share
ideas with each other.

30. I expect using the instructional materials will enhance my interactions with my
classmates.

31. I expect my writing skills to improve as a result of this Engineering course.

>
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tr

32. I expect my presentation skills to improve as a result of this Engineering course.

>
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tr

33. I expect my confidence in applying Engineering concepts to real situations to
improve as a result of this Engineering course.

>
vg)
@)
O
t

34. 1 believe that an interdisciplinary focus is important in Engineering.

35 I expect using the instructional materials will improve my attitude toward A B C D E

Engineering.
36. I expect my informal communication skills to improve as a result of this
Engineering course.

Scale: A = Strongly Disagree (SD); B = Disagree; C = Neutral (neither agree nor disagree); D = Agree;
E = Strongly Agree (SA)

Using the items provided below, indicate the item that best describes you
37.Please select one of the following for your years of work experience

(a) less than 1 year (b) 1 to 2 years
(c) 2to 3 years (d) more than 3 years
38.Gender
(a) Female (b) Male
39.Race
(a) White (b) African-American
(c) Hispanic (d) Asian-American

(e) American Indian

40.Status
(a) Freshman  (b) Sophomore (c) Junior
(d) Senior (e) Graduate
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Please answer the following questions in as much detail as you can to enable us to improve the use of instructional materials in your course of
study. We are interested in learning both what works and what needs improvement in the course. Your input will be kept confidential and will be
used in our formative assessment to improve the program.

41. What experience do you have with the engineering field of study? (Include work experience, related courses or other expe-
rience with engineering)

42. What teaching styles do you find most helpful in learning new material? (for example, lecture, distance learning, power point
presentations, multi-media case studies, group projects, etc.)

43. What learning styles (for example, independent working, team working, task oriented, intuitive, objective, sensitive) do you
believe should be addressed to help you learn new material?

44. Do you prefer to work alone or in groups to solve problems?

45. What suggestions do you have for enhancing your learning experience in this course?

46. How do you perceive that you might use the information learned in this course in your future work environment?

Thank you for completing the questionnaire.
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Post-Survey of Attitudes and Perceptions toward Engineering

The questions below are designed to identify your attitudes about Engineering. Be as honest as possible; there are no correct or
incorrect answers. Your responses will not impact your grade in this course or in other courses. Please rate the degree to which
you agree or disagree with the following statements in this questionnaire by bubbling in or clicking on the response according to the

following 5- point scale.
A = Strongly Disagree (SD)
B = Disagree
C = Neutral (neither agree nor disagree)
D = Agree
E = Strongly Agree (SA)

Instructional materials are defined as the class lectures, text book, homework exercises, and multi-media case studies that have been

used so far in this course.

Code #:

1. Engineering is a subject learned quickly by most people. A B C D E
2. I have trouble understanding Engineering because of how I think. A B C D E
3. Engineering concepts are easy to understand. A B C D E
4. Engineering is irrelevant to my life. A B C D E
5.1 get frustrated going over Engineering tests in class. A B C D E
6. I am under stress during Engineering classes. A B C D E
7. 1 understand how to apply analytical reasoning to Engineering. A B C D E
8. Learning Engineering requires a great deal of discipline. A B C D E
9. I have no idea of what's going on in Engineering. A B C D E
10. I like Engineering. A B C D E
11. Engineering is highly technical. A B C D E
12. I feel insecure when I have to do Engineering homework. A B C D E
13. 1 can learn Engineering. A B C D E
14. Engineering skills will make me more employable. A B C D E
15. I learned how to identify engineering tools that will assist me in decision-
! . . . . A B C D E

making using the instructional materials.
16. I learned how to inter-relate important topics and ideas using the instructional

. A B C D E
materials.
17. I learned how to identify various alternatives/solutions to a problem using the
. : ) A B C D E
instructional materials.
18. I improved my problem solving skills using the instructional materials. A B C D E
19. I learned how to sort relevant from irrelevant facts using the instructional

. A B C D E
materials.
20. The instructional materials, class activities, labs, and assignments were
: i i . A B C D E
integrated in a way that made my learning easier.
21..The instructional materials emotionally engaged me in learning the course A B C D E
topics.
22. The instructional materials increased my self-confidence. A B C D E
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23. I achieved a sense of accomplishment in learning by using the instructional
materials.

24. The instructional materials helped me assume a greater responsibility for
personal learning.

25. If T ever were to become a high ranking engineer in a company I would hire
other engineers to help with decision making

26. The instructional materials helped me improve my team-building and
interpersonal skills.

27. The instructional materials helped me and my classmates listen carefully to each
other’s statements and ideas.

28. The instructional materials helped me and my classmates arrive at decisions
based on consensus building.

29. The instructional materials helped me and my classmates share ideas with each
other.

30. The instructional materials enhanced my interactions with my classmates.
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31. My writing skills improved as a result of this Engineering course.

32. My presentation skills improved as a result of this Engineering course.
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33. My confidence in applying Engineering concepts to real situations improved as
a result of this Engineering course.
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34. I believe that an interdisciplinary focus is important in Engineering.
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35 The instructional materials improved my attitude toward Engineering.
36. My informal communication skills improved as a result of this Engineering
course.
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Scale: A = Strongly Disagree (SD); B = Disagree; C = Neutral (neither agree nor disagree); D = Agree;
E = Strongly Agree (SA)

Using the items provided below, indicate the item that best describes you
37.Please select one of the following for your years of work experience

(a) less than 1 year (b) 1to 2 years
(c) 2to 3 years (d) more than 3 years
38.Gender
(a) Female (b) Male
39.Race
(a) White (b) African-American
(c) Hispanic (d) Asian-American

(e) American Indian

40.Status
(a) Freshman  (b) Sophomore (c) Junior
(d) Senior (e) Graduate

Journal of STEM Education Uolume 11 e Issue 3 & 4 Leadership Issue H



Please answer the following questions in as much detail as you can to enable us to improve the use of instructional materials in your course of
study. We are interested in learning both what works and what needs improvement in the course. Your input will be kept confidential and will
be used in our formative assessment to improve the program. Please disregard any questions that are not applicable to your course.

41. What experience do you have with the engineering field of study? (Include work experience, related courses or
other experience with engineering)

42. What teaching styles do you find most helpful in learning new material? (for example, lecture, distance learning,
power point presentations, multi-media case studies, group projects, etc.)

43. What learning styles (for example, independent working, team working, task oriented, intuitive, objective, sensitive)
do you believe should be addressed to help you learn new material?

44, Do you prefer to work alone or in groups to solve problems?

45, What suggestions do you have for enhancing your learning experience in this course?

46. How do you perceive that you might use the information learned in this course in your future work environment?

47. What part(s) of this course did you find to be most interesting?

48. What part(s) of this course did you find to be most helpful to you in learning the material?

Journal of STEM Education Uolume 11 e Issue 3 & 4 Leadership Issue ﬁ



49. How beneficial would you rate the use of multi-media case studies in your learning the material presented in this
course? (Please explain in detail the benefits or non-beneficial aspects)

50. How helpful did you find the use of student groups/teams to solving the problems presented in the case studies?
(Please explain in detail the ways in which working with other students in groups was helpful or not in your learning
the course materials)

51. What suggestions do you have for the instructor to improve his/her teaching in this course?

Thank you for completing the questionnaire.
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