Factors that Influence Faculty Adoption of Innovative Educational Tools
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Background
The ever-increasing rate of technological innovation
presents a variety of challenges to educators, especially in
science and engineering. As we attempt to recruit and retain
more engineering students, we are forced to teach more
material in less time, curb the potential for breaches of
academic integrity, and to integrate professional and global
development into our courses,1
“In addition to analytic skills, which are well provided by
the current education system, companies want engineers
with passion, some systems thinking, an ability to
innovate, an ability to work in multicultural environments,
an ability to understand the business context of
engineering, interdisciplinary skills, communication skills,
leadership skills, an ability to adapt to changing
conditions, and an eagerness for lifelong learning. This is
a different kind of engineer from the norm that is being
produced now.” 2
Interestingly, methods for accomplishing many of these
goals have been developed and tested in a variety of
settings, but have not been widely integrated into the dayto-day instruction of students. There are two important
reasons for the limited incorporation of new teaching
strategies. The first is that traditional forms of content
delivery, especially textbooks, have resisted changes from
their standard formats3. As a result, instructors feel that they
must constantly “re-invent the wheel” when it comes to
incorporating new instructional methods. The second
reason that few proven advances in engineering education
achieve system-wide adoption is that education research
focuses primarily on the students when the rate-limiting step
is technique adoption by faculty.

Procedures

Goals
Our goal is to develop instructional tools that incorporate
many of the advances in engineering education such as (1)
active learning breaks, (2) everyday examples, (3) global
case studies, (4) visualization activities, and (5) increased
faculty-student and student-student interactions and
subsequently evaluate their effectiveness for both students
and faculty. The materials will be tested in ME 270 (Basic
Mechanics I), a class taken by almost 40% of the students in
Purdue’s College of Engineering, and a plan for continuous
quality improvement will be established and validated.

Active Learning Breaks
It has been shown that adding only a few active learning breaks
(typically 1-3 minutes in length) per week improves student
attentiveness and academic performance. Based on these data, we
have included active learning breaks (Fig. 1), and brief visualization
exercises, in both the text and instructor’s manual (providing
opportunities for one activity per lecture).
Figure 1 – A gymnast executing an iron cross was
used successfully as an active learning break in
which the students were asked to estimate the
moment caused by the force in the rings. Students
were asked to treat the gymnast as a particle to
estimate the forces in the rings. After checking the
answers as a class, they were then asked to
quickly calculate the moment about the shoulder.
Finally, they related that moment to a real world
moment to build up their intuition for cross
products.

Everyday Examples
The use of everyday examples (Fig. 2), often in the form of case
studies, has been shown to improve student engagement and
learning, particularly for female students. The goal is to introduce
concepts that the students have already, often unknowingly,
internalized and use them to illustrate specific course concepts.
Potential examples might include moving sidewalks, movie physics,
problems in sports injury, roller coasters, and magic tricks.
Figure 2 – Potential sources of problems for
everyday examples include things that virtually
every student knows well such as objects around
the house, scenes from popular movies, and
amusement park rides. Herein, sequential
photographs of the train are used to determine
the speed and rate of change of speed for a path
coordinate problem.

Global Case Studies
Thematic Case-Based Instruction (CBI) is an emerging technique
designed to enable engineering faculty to simultaneously teach
technical and global engineering skills through the coordinated
application of international case studies (Fig. 3). Dr. Nauman and Dr.
Yadav (Purdue College of Education) demonstrated that students not
only assimilated the technical information, but were able to develop an
appreciation for international engineering cultures, a form of “collateral
learning.”

Figure 3 – This particular global case study
begins with a discussion of the I35W bridge that
failed in Minneapolis in 2007. It then leads quickly
to iconic bridge designs around the world and a
brief discussion of the role of infrastructure and
how that infrastructure is developed and
maintained around the world.

Visualization
The ability of students to visualize problems in three dimensions
influences their ability to succeed in engineering programs. A team of
researchers at Purdue is working with support from the NSFsponsored ENGAGE program to determine whether or not
visualization skills influence students’ ability to succeed in engineering
courses as well (Dr. Nauman is a member of the team). Anecdotally,
students who are having difficulty visualizing a three-dimensional
structure benefit tremendously from breaking it into top, front, and side
views (Fig. 4).

Figure 4 – A MEMS device used to measure
the force output of a single cardiac cell20.
Before the students determine the moment
about the base due to the heart cell, they are
asked to draw top, front, and side views of the
device using the scale bar at the bottom to
estimate distances.

Interacting with Students and Content Delivery
Purdue’s information technology group (ITAP) has developed and
promoted a set of tools that promote faculty-student and studentstudent interactions (HotSeat, SIGNALS, HUB-Zero). In addition, the
mechanics group has advocated the use of course blogs and the
elimination of solution manuals (replaced with just-in time video
solutions) to improve the quantity and quality of faculty-student
interactions. Finally, the development and sale of the course textbook
at Purdue provides funds for a dedicated year-long Teaching
Assistantship.
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