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l. Introduction

“We're going to learn one word this year
and that word is communication. The right
answer to nearly all questions in this course is
communication.”

Over the past four years, these words,
spoken on day one of New Mexico Tech’s senior
design course in Electrical Engineering, have
caused students to stop and wonder if they
were sitting in the right classroom. After all, the
senior design course is a capstone experience
often used to test the abilities students have
developed in their previous years of technical
classes. Engineering students tend to hold onto
the myth that technical communication is not
going to be a major component of their future
lives. They also tend to believe that the constant
bevy of lab and project reports they are required
to write as part of their academic program
is not representative of their post graduation
experience. Yet, as previous research indicates,
“simply amassing data is not sufficient; rather,
today’s professionals must be able to interpret
and repackage the data for audiences” [1, p.
152].

In larger engineering projects, both in
government and private sectors, there has been
a strong move towards creating multidisciplinary
teams for major project development. This shift
towards multidisciplinary work mirrors trends
across all disciplines. The requirement for
scientists, engineers, and other professionals
to work together demands useable documents
and presentations that can be understood by
audiences with different levels of knowledge.
Communicating quality engineering cannot
fall onto professional writers alone, but rather
engineers must shoulder the burden of being
able to present their ideas.

The reporting structure in many dynamic
companies requires that an engineer no longer
just speak to other engineers, but rather to a
whole range of individuals in the corporate
structure. In many situations engineers are
addressing financial managers, strategic
planners, or others who will not be swayed by the
compelling nature of the engineering involved in

the project, but rather by how well the project
fits within the company’s world view. As Swarts
and Odell argue, “...writing in engineering is not
simply talking about data and facts and letting
the facts ‘speak for themselves” Engineers
must be “advocates for those data” 2, p.6].

In response to these realities, the question
facing most engineering professors teaching
capstone design courses is “How do we
get students to ‘buy-in’ to the importance of
communication, both in a team-based course
and within the future team-based environments
they face?” In addition, “How do we incorporate
ABET’s (Accreditation Board for Engineering
and Technology) communication focus into the
capstone designcourse?”Inthisarticle the above
questions are addressed through presenting the
benefits of a unique multidisciplinary approach
to the engineering senior design course, one
that emphasizes communication. The article
begins by reviewing recent studies in the area of
engineering communication. Following a review
of related literature, a model is presented for
the communication-based capstone design
course by providing background information
about the Electrical Engineering senior design
course at New Mexico Tech and describing
the role technical communication plays in this
course. Then detailed observations regarding
students’ approaches to design presentations
are shared, and implemented changes based
on these observations are discussed. Feedback
from former students is included. The article
concludes with benefits for both students and
faculty.

Il. Previous Research On
Communication Within
Engineering Education

As engineering students move into the
workplace, their success is as dependent
on their ability to communicate as it is on
their technical skills. According to studies of
professionals in the workplace [3,4], engineers
may spend up to half of their time writing, with
the amount of time spent writing correlated with
position within an organization. Other studies [5-

New graduates striving to become
successful engineers must use
communication to interact with
superiors and colleagues. This
paper reports the results of a four-
year development program using
the capstone design course as a
driver for developing engineers’
communication skills. Faculty
assessment of the program, as
well as post-graduation feedback
from the program’s graduates, is
included. Significant benefits from
this approach include preparing
students to enter a communica-
tion-based engineering workplace
through a just-in-time learning ex-
perience that enhances students’
buy-in to the material. Program-
matic advantages include having
a curriculum that supports ABET
(Accreditation Board for Engineer-
ing and Technology) 2000 ideals.
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7] suggest that oral and written communication
skills play a pivotal role in determining the
workplace success of new graduates.

In response to this need ABET has
defined communication competence as one
of the objectives for engineering curricula.
Accordingly, many programs have begun
implementing curricular changes, and these
changes and innovations have been reported in
the literature.

At the end of the twentieth century and
beginning of the twenty-first century, as
universities were becoming familiar with ABET
2000 criterion and its emphasis on “effective
communication’, many educators began
reporting the techniques they used in their
classrooms to integrate writing instruction in
engineering curricula. Several articles from
this period discuss curricular techniques. For a
more extensive review of articles pertaining to
engineering communication curricula, courses,
and support systems see Ford and Riley (2003)
8].

Other studies report results of assessing
writing within the engineering discipline, such as
an investigation of knowledge transfer of writing
instruction [9], comparisons between writing
and engineering instructors’ standards for
writing [10], and a study asking whether or not
engineering students improved communication
skills after completing writing assignments in
engineering classes [11].

Fewer studies focus specifically on the
capstone design course. Researchers using
capstone design courses as sites for study have
examined problem-based education [12, 13],
student collaboration and social interaction [14-
18], and a range of professional practices [19-
22] more so than oral and written communication
practices in the capstone design course.

Worksthatdofocus specifically onwrittenand
oral communication within the capstone design
course include a reported interdisciplinary
effort in engineering design and communication
developed to help students recognize the
connection between writing and engineering
tasks [23]. Norback et al. (2002) present a
“set of criteria of communication excellence”
obtained from industry interviews and model
documents and suggest strategies for including
this criterion within the senior design course
[24], and Brinkman and van der Geest (2003)
share methods for assessing communication
competencies within  engineering  design
courses [25]. Dannels’ (2003) study investigates
the contradictions within the teaching and
learning of design presentations in three

mechanical engineering design courses [26].

Even with these studies, there are, as Dym
et al. (2005) state, “a number of open research
questions associated with teaching design
thinking and with effectively implementing
project-based design education” [12, p. 112].
This article addresses the previously-stated
questions concerning how to teach engineering
students communication skills alongside of
technical skills. Rather than a communication
approach that focuses on grammar, mechanics,
and punctuation, the approach advanced in
this article teaches students “critical thinking
and audience analysis” concepts that Williams
(2002) notes as underlying “truly effective
engineering communication” [27, p. 202].
Findings and implemented changes from a
four-year effort concerned with developing a
communication-based capstone design course
are presented.

I1l. Background

In recent years ABET has begun to look for
more outcomes from engineering programs,
including abilities to work on multidisciplinary
teams and present work orally and in writing.
One of the focal points for the Electrical
Engineering program at New Mexico Tech has
been to meet these ABET requirements by
combining aspects of the technical program
with communication. The goal of the department
is to produce graduates who are well prepared
to enter public or private sector positions or
graduate school.

A. The Evolution of the EE Capstone
Design Course at New Mexico Tech

The Electrical Engineering program at
New Mexico Tech was started in 1989, ABET
accredited in 1992, and continues to be ABET
accredited. Initially, the capstone design
program was mainly project centric, focused on
the technical applications of engineering and
design. As the program evolved, the design
component was formalized into the classroom
and took on a strong design centric format, in
keeping with the aims of ABET. The next step
in the development of the capstone program,
now in place for the past four years, involved
strengthening the program’s communication
aspects by introducing structured writing
assignments, including a final thesis and a
unique set of presentations. Initially the value of
this approach was questioned, both by students
and faculty, yet the choice of a communication-
based course dovetailed directly into ABET
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2000 which focuses on communication,
multidisciplinary work, and preparing students
to transition from school to work.

Asitevolved, the benefits ofacommunication-
based capstone program became apparent
and anecdotal evidence began illustrating the
improved performance of the students in public
speaking, teamwork, and in transitioning into
their first employment positions. This positive
reinforcement  encouraged  incorporation
of greater structure, particularly in regards
to communication-based tasks, within the
program. Over the past four years, the Electrical
Engineering capstone program at New Mexico
Tech has developed an emphasis on providing
students with an understanding of the role of
communication, team dynamics, and project
management while maintaining significant
technical challenges through real-world projects
sponsored and provided by government labs
and the private sector.

B. EE Capstone Design Model

The year-long course requires students
to work in teams to prepare, design, develop,
deliver, and present a project to a number of
external reviewers including the project client,
other faculty, and senior engineers. Students
must draw on their technical expertise as well as
rely on, or develop new, skills in written and oral
communication, organization, and teamwork to
successfully complete a project.

At the start of the program 15-25 projects
are submitted from various organizations in
industry, the Department of Defense, and faculty
members for the students to review and rank
based on their interest. The class is divided into
teams of 4-6 members, a number suggested
by previous research [28]. Student teams are
assigned based on their individual interests
in working on a specific project and additional
selection criteria to minimize the number of
team members who may have worked together
previously in their introductory design course.

Each team works with a faculty mentor
and a project sponsor (customer) and often
has considerable flexibility in realizing the final
design. Each team must evaluate the technical
issues surrounding their projects and develop
a project Statement of Work that covers the
period of the academic year. The Statement of
Work includes time management, budgeting,
resource management, a description of the
project, and required tasks to be solved. The
students must remain within their budgets and
may only deviate from their Statement of Work
deliverables in consultation and agreement with

the project sponsor.

In addition to the Statement of Work, teams
develop a number of other written documents
including formal reports, status reports, technical
reports, a final presentation and a final thesis.
Additional documents such as user manuals
are often required by the project sponsors.
Teams must produce these documents as well
as plan and deliver oral presentations.

The program is taught with a unique
approach that uses a “just-in-time” or a “timely
reintroduction of concepts” methodology to
reinforce the needs of both engineering design
and communication. In the early stages of the
course, many of the required concepts, such
as system reliability, integrating the scientific
method and effective communication strategies,
are introduced to the student teams, but these
remain as abstract concepts that they cannot
yet apply.

The “just-in-time” approach evolved from
observing that early in the lifespan of the
project most of the student teams were not
ready to devote attention to the subtleties of
these concepts. To improve student retention
of these ideas and the ability to apply them
they are reintroduced with a deeper technical
focus at a time when the majority of the teams
have reached the point where these issues are
arising. This ‘just-in-time” approach to delivering
the information finds the students ready to
receive this information and provides students
an actual context in which to understand
these concepts. This approach is particularly
advantageous when introducing students to the
concepts surrounding case studies on ethics or
when considering contemporary issues as they
relate to design decisions. In this context-based
situation, the students are more receptive to
using and applying these concepts and they
become demonstrated within the student
work, thus reinforcing several ABET outcomes.
Applying these concepts in conjunction with
the technical aspects of their projects and
reporting the results of these efforts in their final
presentation and thesis helps to reinforce these
concepts. The detailed educational approach
and rubric that is being used in the program will
be reported in more detail in a future article.

C. Capstone Design Presentation
Sequence as an Assessment Tool

As Driskill (2000) notes, “assessment related
to [ABET] criterion 3(g) must weigh whether a
student is ready to communicate effectively in
industry and professional settings” [29]. One of
the key ways in which the Electrical Engineering
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program at New Mexico Tech assesses effective
communication is through the senior design
presentation sequence, where “real” audiences
play an integral role.

Conceptual, Preliminary, and Critical Design
Reviews are used to provide feedback to the
students on their progress. At each design
review, reviewers include the course professor,
at least two other Electrical Engineering faculty,
and Technical Communication faculty. Industry
professionals and former senior design students
serve as reviewers as well. The student teams
are evaluated by reviewers onthe following areas:
introduction, background, design, planning, and
overall presentation quality. Reviewers provide
both quantitative and qualitative evaluation of
the student’s performance.

Technical Communication faculty provide
extensive comments to the course professor
regarding each team’s communication strengths
and weaknesses. While the comments of the
other reviewers are based on design issues
and the actual engineering represented in
the presentations, technical communication
reviewers focus on communication
competencies.

Following each of these presentations, Elec-
trical Engineering and Technical Communication
faculty meet to discuss observations and evalu-
ations for each team. The benefits of this level of
interaction between the two faculties cannot be
overstated. As an example, when students are
presenting to other engineers, many of whom
have knowledge of the area, they can easily
appear as providing the right information in the
right fashion. In reality, to other audience mem-
bers, engineer or not, those same students are
often not communicating at all. As reviewers,
Technical Communication faculty focus on the
delivery of information by the students and are
in a strong position to bring those observations
forward. In follow-up discussions, the combined
expertise of the faculty members allows the en-
gineering concepts to be combined with tech-
nical communication to evaluate the students
and to diagnose areas in the students’ program
needing improvement.

The experience of presenting and receiving
feedback for these three design reviews sets
the foundation for students for their final pre-
sentations. The final presentations take place
at the end of the Spring semester in a formal
setting, with audience members including other
engineering students, faculty, clients, and mem-
bers of the Electrical Engineering Department's
Advisory Board, comprising engineers from
government facilities and the private sector.

IU. Assessment of Student

Performances Quer The

Last Four Years

Over the last four years, students

performances during the design reviews and
behaviors in the classroom demonstrate that
they have challenges presenting a big-picture
view of their projects. Often the teams get
lost in thinking and talking about the technical
specifications and have difficulty appropriating
material for their audience. This trend may be
underpinned by several factors:

)

+ Difficulty understanding client’s expectations.
Clients present student teams with a
problem to solve, but often this problem is
not packaged neatly. Many students lack
experience working on the complexities
of real-world projects. This complication is
often experienced by students working on
client-based projects [16].

* Failure to interact regularly with the team
client and faculty sponsor. Teams who are
struggling with the client’s specifications may
avoid contact with their sponsor out of fear of
appearing unknowledgeable or not knowing
the answer. However, contact with the client
and faculty sponsor is often what students
need to receive project clarification.

* Difficulty applying engineering concepts to
solve problem. Students are much more
comfortable working independently and
using trial and error approaches to solving
technical issues. For student engineers,
using design studies and simulations are
not practiced approaches. In addition, it is
a challenge for students to develop multiple
solutions to explore; instead they tend to
cling tightly to one solution, even after it is
demonstrated not to work.

* Failure to consider audience and their
interests in project. Even though the
majority of the capstone design students
take a required technical communication
course which stresses the concept of
audience (survey results at the beginning of
the 2004-2005 academic year indicated that
23 out of 25 students had taken a required
technical communication course), in their
early presentations students make few or
no attempts to accommodate their content
towards the needs of their audience. Both
the selection of content and the organization
of it tend to be problematic. In particular,
students show:

Journal of STEM Education Uolume 7 © Issue 3 & 4 July-December 2006 n



o Difficulty selecting content and paring
down information to fit within a 15
minute presentation. Students encounter
problems determining what is necessary
to include in presentations and what
to omit. Students also have trouble
condensing details. In their preliminary
and conceptual design reviews students
often get lost in the technical particulars.

o Difficulty establishing a context at the
beginning of presentation to which the
audience can understand and relate.
Initial presentations (preliminary and
conceptual design reviews) show weak
or no attempts to introduce the audience
to the project and its purpose/usefulness.
Later presentations shows more effort
(per instructor's requirement), but the
information is still rushed through. Most
of the teams fail to speak in terms a
general user could understand, and very
few of them use examples to explain the
significance of project.

o Difficulty organizing the presentation’s
components. While they are told by their
professor what parts to include in the
presentation, the students experience
challenges figuring out the logical order
of those parts.

To help remedy the aforementioned problems
student design teams encounter, a number of
strategies have been included in the design
course curriculum. These strategies, a few of
which are described following, help to reinforce
the concept of shaping oral and written material
appropriately for one’s audience.

The first difficulty faced by the students
after they have been teamed up and have
begun to prepare their Statement of Work is to
understand at a functional level what the project
is about. This problem is one of the most difficult
ones faced in the program as the students are
very comfortable just repeating their customer’s
instructions. Typically, they fail to investigate the
project sufficiently to really understand what
they are being asked to do.

Each team is required to select a point of
contact who will communicate with the course
professor and project sponsors and a team
leader, the individual on the team responsible for
communication within the group. The remainder
of team members are the “other engineers” who
will take on duties such as taking a technical
lead on a particular subproject. To force the
team to develop an understanding of the project,
several classroom exercises are performed over

several weeks. The most successful exercise
has been to have one of the team members
at the board being asked to write down their
project’s “one line description” of the project. This
technique, which is used often within technical
communication and composition classes to help
students state their thesis, is part of a planning
or budgeting exercise. The one line description
is then discussed by all members of the class,
ever refining the description. The result is that the
students distill out a description of their project
that is clear, jargon-free, and understandable by
non specialists. Through this exercise students
refine their vision of the project.

The exercise is repeated so that all members
of the team are put in a position of having to
describe the project in one line. As a result, after
it has happened a few times, the team members
get together independently outside of class and
put together a much better description of the
project.

The pop presentations, the term ‘pop
presentation’ being a play on the idea of a
‘pop quiz, are the next evolution of honing
the students’ presentation skills. The students
are informed of the need to have an up-to-
date presentation available at any moment,
with visual aids. The scenario presented to the
students is that on an average day at the office,
their manager stops in and informs them that
they have just been granted five minutes of
the engineering director’s time to present their
project. The concern is that the company is
looking to cancel some projects and as a result
they need to justify their project and its status.
In particular they will need to describe the major
technical issue they are presently facing.

In the second half of the program the pop
presentations can happen in any class with little
or no notice. This means student groups not
only have to be ready to present, but that each
member of the group be present to support the
team. Typically, three pop presentations are
made by each team.

Through the progression of planning a
fifteen minute presentation to summarizing a
project in one sentence to delivering a project
summary in five minutes through in-class pop
presentations, students begin to apply effective
technical communication skills. In particular,
through this process students learn how to
think beyond their project teams and consider
an outside audience, think carefully about the
needs of this outside audience, and accordingly,
shape content for this audience.
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U. Assessing The Benefits

Capstone programs provide students with
an opportunity to learn and try out their project
management, engineering, and technical
communication skills in an educational
environment. Thus on graduation they have
effectively seen what a “real world” project looks
like. In particular, they have the opportunity to
experience what expectations others may have
in them. In this environment, they can make
mistakes and yet not face the same impact of
being on the job.

Anecdotal evidence shows that while many
students do not see the value of the capstone
program with a focus on project management
and communication prior to their graduation,
these students do realize the value of the
capstone course later. Faculty have received e-
mails from past students commenting on how
much better and faster they are able to adapt
and progress to the communication-centered
workplaces in which they now work.

Some examples of comments from past
students are:

“My project has come full circle and we

are nearing our conceptual design review,

and lo'n’behold, | have to give a 40 minute
presentation all by my lonesome! | was
just making a few slides about the various
aspects of my subsystem and it made me

think of doing the same thing more than a

year ago for senior design. ... Go figure,

all one has to do to keep their job is do the
work, do it right, and do it under budget. If |

had known that in school, it would've been a

lot more fun. Wait, | did know that.” Senior

Design Student from 2003-4.

“Because of my experience in the course,
I am now leading two projects only a year
after [Senior Design]. The relentless and
oftentimes unannounced presentations and
papers prepared me for the papers and
presentations | have to give regularly in my
job. ... | feel that because of the [Senior
Design] course, | am ahead of the curve.”
Senior Design Student from 2002-3.

‘[Since completing Senior Design] | have
given a number of talks, seminars and
written publications on the work that |
have been doing. Seeing some of these
‘real-world scenarios” before entering the
scientific community was very beneficial.”
Senior Design Student 2002-3.

As these comments illustrate, the communi-
cation-based capstone course provides multiple

benefits for students. From this multidisciplinary
endeavor, students’ successful completion of
the capstone course has allowed them to gain
experience:

* presenting to audiences beyond the class-
room

+ framing engineering problems in ways non-
engineers can understand

* using communication to solve “real-world”
technical problems

* working on a team

* learning project design, with a model to refer
to in the future

Through these experiences students become
sensitive to the communication-based engi-
neering world they will soon be entering.

There are also significant benefits to the
professors involved in the capstone courses.
From this multidisciplinary endeavor, Technical
Communication faculty receive opportunities to:

o Better understand communication expecta-
tions in another department

* Better understand approaches/responses
to communication assignments in engineer-
ing discipline

* Bring information about engineering com-
munication back to their own technical writ-
ing classrooms (which are filled with several
engineering students)

* Adopt educational strategies used in the
capstone course for technical communica-
tion classes (such as the pop presenta-
tions)

From this multidisciplinary endeavor, engineer-
ing faculty receive opportunities to:

* See students through another set of eyes
with different criteria for evaluation

* Establish a connection to experts in techni-
cal communication to evaluate techniques
or obtain new ones

* Influence Technical Communication faculty
with expectations of engineering managers

* Present students a vision of themselves as
seen by other communicators

These benefits underline the importance of
continuing multidisciplinary senior design ef-
forts. However, this curricular technique begs
further research. Continuing studies could
include analyzing patterns of communication
weaknesses within written assignments, as-
sessing the transfer of skills from technical
communication courses, evaluating student ap-
proaches towards collaborative communication
assignments, and investigating the impact of
capstone programs in graduate work.
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Ul. Conclusion

These observations help to identify and
support the advantages of a cross-curricular
approach to the capstone design course. While
the communication-based curriculum requires
a shared commitment from engineering
and humanities faculty, the benefits this
multidisciplinary experience can provide for
students are worth the extra time and energy.

The significant benefits from this approach
include producing students who are better
prepared to enter a communication-based
engineering workplace, have bought into this
concept through a just-in-time learning process,
and have demonstrated design experiences.
Programmatic advantages include having a
curriculum that is aligned with and supportive of
ABET 2000 ideals.

Students taking the capstone design
course may initially question the emphasis on
communication and be unable to fully realize just
how important written and oral communication
skills are at various points during the course.
However, upon leaving the classroom and
entering professional engineering environments
there is no doubt that these new engineers
will be required to present their ideas orally
and in writing. When the time comes when
they are asked to put together an impromptu
presentation or prepare for a critical design
review, these students can refer back to their
experiences of having completed these tasks in
the classroom. And hopefully, at that moment
they will understand that communication
plays a crucial role in engineering design, that
communication is what helps them get their ideas
supported, that communication is the answer.
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