Higher Education Viewpoint

Lessons for Practice

Instructional Design Strategies from
Engineering Education

ue to a number of chal-

lenges, such as the emer-

gence of a global
economy, changing student demo-
graphics, current science on how
people learn, low numbers of engi-
neering graduates, and improved
instructional technologies, engi-
neering education is under scru-
tiny across the country. In the
United States, only 5% of under-
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graduates ~ earn  engineering
degrees. Conversely, China’s cur-
rent group of engineering under-
graduates represents 40% of all
graduates. Is this a trend we can
positively address by enhancing
our engineering education prac-
tices, or do we need to find ways
to reach potential students with
alternative delivery methods such
as distance learning? Even if we do
increase our numbers of graduates,
will the marketplace be ready for
them? While there are numerous
efforts underway to help prepare
students in the lower grades for
the pipeline into higher education
in engineering, science, or technol-
ogy, I will address two of the chal-
lenges mentioned above (science
of learning and instructional tech-
nologies) and how they can influ-
ence change in engineering
education.

Why should the United States
Distance Learning Association and
its members have interest in specif-
ics about engineering education?
Are there parallels to be drawn
from a discipline-specific approach,
or are there instructional issues rel-
evant across the disciplines that are
applicable to distance learning pro-
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fessionals? While there are “signa-
ture pedagogies” used to deliver
engineering instruction (Schulman,
2005), engineering professors who
employ instructional design strate-
gies and base classroom activities
on student outcomes are following
the basic tenets of quality instruc-
tion. This commentary will not
delve into specifics of engineering
instruction such as design or labo-
ratory classes, but will instead look
at how the science of learning and
instructional technologies are influ-
encing engineering education prac-
tices.

Although engineering is a sci-
entific discipline that is built on
the study of scientific principles
and methodology, it is really
driven by the application of sci-
ence to address the needs of soci-
ety. This practical approach to
knowledge can be seen in how
engineering professors want to
assess change in their classes and
because they are theory-based
thinkers; they review the scientific
findings on pedagogy before they
incorporate such practices into
their teaching. Given that engi-
neers use a systems approach,
they are at least open to instruc-
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tional design and a systematic
approach to instruction. The use of
a systematic approach to instruc-
tion provides a framework to ana-
lyze course components and
methodology as well as the ability
to complement pedagogical prac-
tice with technological capabilities.

Many view an engineering class
as one in which a professor lectures
(a chalk talk) and works derivations
on the board while students duti-
fully take notes. This type of engi-
neering class does exist, but take a
look at the Journal of Engineering
Education to see what trends and
empirical evidence exist that pro-
mote more active learning environ-
ments. Colleges of engineering
across the nation now support their
own engineering teaching centers
where learning scientists, instruc-
tional designers, and media special-
ists are readily available to help
create instruction that meet the
needs of today’s students.

Many of these centers promote
pedagogy based on the National
Academy of Sciences book How Peo-
ple Learn (HPL) (Bransford, Brown,
& Cocking, 2000) and its practical
findings. Often, situational factors
and lack of awareness of the
research prevents any practical
applications. While it is not easy to
translate educational research into
classroom practice, this is happen-
ing with HPL. Implementing
research-based approaches requires
well-designed  curriculum, and
often  face-to-face  instruction
involves a fair amount of spontane-
ity. For example, the VaNTH
(www.vanth.org) National Science
Foundation funded effort has edu-
cators and engineers across multiple
institutions working with industry
to develop curricula and technolo-
gies to educate future bioengineers.
This undertaking has created new
technology-delivered resources as
well as a concerted effort to assess,
document, and publish educational
research on these efforts.

Furthermore, HPL has been used
to create a cycle or framework,
coined the STAR.Legacy (Software

Technology for Action and Reflec-
tion) cycle (Schwartz, Brophy, Xiao-
dong, & Bransford, 1999). This
framework, which organizes stu-
dent learning into typical phases of
inquiry and makes learning visible,
uses these four overlapping lenses:

* Learner-centered environments
focus on the knowledge, skills,
and attitudes that students bring
to the learning situation;

* Knowledge-centered  environ-
ments focus on content that is
organized around big ideas or
core concepts;

* Assessment-centered  environ-
ments help students’ thinking to
become more visible so that both
they and their teachers may
assess and revise their under-
standing; and

* Community-centered environ-
ments capitalize on local exper-
tise to create a sense of
collaboration among students.

These four lenses influence cur-
riculum development and instruc-
tional settings. Instructors create
knowledge-centered settings by
working with students’” prior
knowledge, skills, and cultural
resources, and they create assess-
ment-centered learning by provid-
ing for frequent assessments of
student progress. Students need
opportunities to bring what they
know and their beliefs about school
subjects in order to have learner-
centered opportunities, and both
instructors and students can maxi-
mize community resources to build
community-centered learning that
is motivational and collaborative.

There is little doubt that great
teachers love their discipline and
respect their students, and an
emphasis such as the four lenses
listed helps to promote an active
and involved learning culture.
Given today’s technological tools, it
is conceivable to address each of
these research-based variables influ-
encing instruction. Many engineer-
ing professors, just like their
colleagues in other disciplines,
arrive on campus schooled in con-

tent but not in how to teach. They
may not intuitively recognize that
the single most important thing
they should know about their stu-
dents is their prerequisite knowl-
edge so that they can appropriately
begin instruction or provide reme-
diation, if needed.

The Web and its vast array of
assessment and survey tools can
facilitate gathering data on what
students know and what skills they
possess. Today’s students are Web
savvy and anticipate the use of the
Web in instructional delivery. Find-
ing out how students progress can
be time-intensive, but in-class
devices such as the Classroom Per-
formance System (CPS) can be used
to generate assessments and to pro-
mote interactions. CPS consists of
student-operated remote controls
and a receiver that records
responses to questions by the
instructor. The instructor can then
display a histogram of student
responses in order to decide how
best to proceed, given students’
understanding. Awareness of the
development of students’ ability to
process and use information is a
necessary step in order to actively
assess learning in a classroom.

Learner-centered opportunities
exist in classrooms where students
are questioning and participating.
Some refer to higher educational
institutions as ivory towers where
knowledge doesn’t seep in from the
outside, yet we know this limited
view is damaging. In community-
centered approaches, efforts are
made to promote industry, other
institutions of learning, as well as
the citizenry in education. The use
of instructional technologies facili-
tates breaking down barriers due to
distance and time and, in many
engineering classes, students are
connecting with others via telecon-
ferencing and the Web.

There are lessons learned from
the field of instructional design that
go beyond the fundamental princi-
ples of starting with instructional
goals and student outcomes. From a
practical standpoint, the following
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instructional design suggestions can
help engineering educators and
those assisting them develop dis-
tance learning curricula:

* Know your students. Discover
what knowledge your students
bring with them and, in doing so,
find out what misconceptions, if
any, they have. Don’t make
assumptions about what they
know, and use measures, such as
pretests. In distance delivery, it is
highly likely you will not be able
to see expressions or looks of
concern, and you need to have
documented evidence of stu-
dents’ baseline knowledge.

* Make your thinking visible. You
need to help students apply prior
knowledge to new information.
Talk through your reasoning pro-
cess and share with them any pit-
falls you experienced as you did
your thinking. Pose thought
questions for students and if you
are using the Web, and make use
of a discussion board to get stu-
dents documenting their think-
ing and their questions.

* Communicate in multiple ways.
If you are teaching at a distance,
make yourself available via vir-
tual office hours, the telephone,
and email. Share with your stu-
dents why you do what you do
and be enthusiastic. With plan-
ning, your excitement in teaching
can be evident, despite the dis-
tance.

* Analyze the content and look at
the structure of knowledge. Is
this material well-structured, so
that certain instructional strate-
gies work best? Learning tasks
can be very different from each
other in the kinds of cognitive
effort needed, the learning con-
ditions, and ways to assess
understanding. For example,
there are suggested procedures
to teach procedural or declarative
knowledge.

* Identify the big themes or the big
picture for your students. When
doing this, think of ways to visu-

ally display and organize substan-
tial amounts of information.
Concept maps can be created and
then used as a roadmap for a
course. Concept maps reveal the
structural patterns in the material
and can be used to display the text
or lectures in a visual arrange-
ment. Posting the concept map
within a course Web site allows
students to continually reference
it and you can also display this
visual in class as a reminder of
where you have been and where
you are going in the course.

Find out what your students
know. Use ongoing assessment in
and out of the classroom. With
online testing, students can be
provided instant feedback and
can take measures that are appro-
priately geared to their ability
level. Make use of survey tools so
that you can find out if the course
and your teaching strategies are
meeting students” needs.

Teach more than content. Stu-
dents who are taught how to
learn  (metacognitive  skills)
improve in content learning.
Make students aware of their
learning strategies and help them
self-monitor the use of these strat-
egies. By engaging students—for
example, in summarizing, ques-
tioning, clarifying, and predict-
ing—they will be motivated to
learn and are more likely to retain
what they’ve learned.

Keep in mind that class time is
thinking time. That means stu-
dents are involved and doing
more than note taking. Connect-
ing to students who are learning
via a computer or a video screen
is challenging, but there are ways
to do so. Ask questions that are
specific (this may require you
plan these in advance) and
encourage students to come to
class prepared and to work in
small groups.

Encourage peer-to-peer learn-
ing. Student learning is social
and, given that class time is only
a fraction of the time they’ll

spend on a course, they need
opportunities to collaborate with
each other Even students at a
distance can work with each
other. Often, they can add a
unique perspective and enrich
the quality of interaction and dis-
cussion within a course.

* Keep your focus on your stu-
dents. Teach from the vantage
point that you are to provide stu-
dents with new knowledge and
skills. It isn’'t about what you
teach, but what students will do
with what they learn. Make sure
that your distance learners have
an opportunity to share their
materials and to build upon oth-
ers’ understandings.

Engineers, by their very nature,
are drawn to a scientific approach to
instruction. They cannot, however,
be expected to explore instructional
science and design without guid-
ance and support from those
schooled in learning sciences. This
meeting of the minds is ripe for the
development of innovative and
challenging instructional develop-
ment. We do know more about how
the mind functions and we are doc-
umenting what works when we
incorporate cognitive science into
instructional approaches. In the
final analysis, will we be able to pro-
duce enough educated people to
meet the needs of our high tech
society? Time will tell.
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