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Bringing an Emphasis on Technical Writing to a
Freshman Course in Electrical Engineering

John E. Mahan, Anura JayasumaBanior Member, IEEBDerek Lile Senior Member, IEEEand Mike Palmquist

Abstract—We have recently added a strong writing component  production of long, rambling reports that lack a clear in-
to one of our freshman courses in electrical engineering. The stu- troduction, summary, or purpose statement;
dents prepared two kinds of reports—memoranda and formal en- gy cegsive use of jargon, buzz words, and acronyms, par-
gineering project reports. Our instructional objectives were to ex- ticularly in electroni icati
ecute well these two forms: to write with a professional tone, and Icufarly in electronic communications.

to make good choices about which technical material to include. . .
To meet these objectives, model memos and engineering projectOur board told us they would like us to place more emphasis on

reports were developed, lectures about these memos and reportsPreparing our students for the writing tasks they will experience
were presented, a Web site for the course was developed, the techin the workplace, including:

nical aspects of the reports were graded by a student hourly grader, o )

the writing aspects of the reports were evaluated by a professor, * writing a one page executive summary that gets to the heart
and followup debriefings were conducted at the lecture class meet- of the issue;

ings. We report on the development process and discuss student  « writing a business letter that can be understood by a sec-
response to the course.

retary;
Index Terms—Electrical engineering education, engineering « writing a concise technical paper;
writing, freshman, project report, technical reports, technical « spelling correctly and following standard grammar and
writing, writing. mechanics

Our industrial partners told us that the accelerated use of e-mail
in the workplace had reinforced the need to provide our gradu-
E HAVE recently added a strong component on writingites with effective writing skills. Finally, two of our industrial
to one of our freshman courses in electrical engineeringartners commented on the poor oral presentation skills they
EE102 Digital Circuit Logic. Our decision to add a writing émhad observed in conference settings. Although this might be
phasis is based on the recognition that our undergraduates nyiisived as primarily a weakness in public speaking rather than
be able not only to apply their technical knowledge to work ifechnical writing, writing ability affects a presentation through
electrical engineering but also to effectively communicate, b}eparation of good visual aids and the Composition of a |Og-
writing, the results of their work. ical, to-the-point talk. These findings are consistent with earlier
Much of the incentive for improving the communicatiornresearch on the communication practices in a large high tech-
skills of our graduates comes from industry [1]-[4]. Sinc@ology company that routinely hires our graduates [6], [7].
industry is the ultimate employer of many of our engineering Qver the past decades, training in engineering writing has not
graduates, we should try to meet this need by maintainingh@en a well-developed part of our own curriculum, nor of those
curriculum that trains our students to produce gOOd teChniQﬁ| our sister departments_ A|th0ugh pub“shed reports of cur-
writing. riculum efforts to integrate communication skills into the engi-
To gain a better understanding of industry perceptions of thgering curriculum have begun appearing [8]-[13], it has not
communications skills of recent graduates in electrical engjeen, frankly, an active area for engineering educators. Another
neering, we polled the representatives to the industrial advis@idrance is that integration of writing instruction into the cur-
board for our academic department [5]. The respondents weiggilum has been viewed as a type of training that is excessively
unanimous in their opinion that engineering college graduatgsstly to deliver. This present effort to respond to the above con-
typically have poor skills in both writing and oral presentatiorgcerns was, as a result, a home-grown and untried solution. Each
Specific problems they identified include: component was novel: defining for the first time our writing
* an inability to clearly present ideas; skills objectives, implementing these in the undergraduate cur-
* an inability to describe the reason for a communication;riculum, and accomplishing this at acceptable cost in terms of
* aninability to link five or six sentences into a coordinatedaculty time and other resource usage. One of the most fruitful
logical paragraph; steps was to establish a collaboration with writing specialists in
the English department of our University.
Manuscript received January 4, 1999; revised October 18, 1999. Our first undertaking, the subject of this article, was to add
J. E. Mahan, A. Jayasumana and D. Lile are with the Department of Electri@amwriting skills emphasis to assignments which previously had
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what these reports should accomplish as communication vehi-+ summary and conclusions;

cles, grading the reports on this basis as well as on technicale Appendix.

content. In contrast to the memo, the project report was conceived as
We tried to make the reporting as realistic as possible. TBf integrated document where the details are not attachments,

students were encouraged to place themselves in the positioR@f rather are blended into the narrative. A typical engineering

working engineers reporting to their supervisors and colleagugsport for this class was 6-12 pages long.
rather than of students writing for their professor. In addition,

we supported writing instruction in the course through use of
a Web site containing the details of the writing assignments,
e-mail links to tutors in our University Writing Center, and links The required content of the memos was:
to information about writing which is available on the Writing e« a statement of the purpose of the project;
Center Web site (see the URL's of these two Web sites in Sec- ¢ a description of their analysis and design work;
tion VI). ¢ a summary of the results;

The purpose of this article is to describe how we did it, and < equations, circuit schematics, and logic timing diagrams
to relate what we learned about teaching these writing skills  as attached figures;
to freshman engineers as part of the laboratory component ofe concluding statements as to whether the work was suc-
this freshman course. Through this initiative we gained specific ~ cessful, and what the student found to be keys to success
knowledge of the students’ initial inability to prepare accept-  in completing the project.
able reports, and yet saw the development of basic competencghe required content of the formal engineering project reports
across essentially the entire class of 92 students by the eng@fsisted of the same general sections. However, because of the

IV. REQUIRED CONTENT

the semester. greater length of the reports, we provided detailed instructions
concerning technical material that was to be included in each
[I. TECHNICAL WRITING OBJECTIVES section.

. . - "y _ The problem statement was always to contain a specific state-
The instructional objectives for the report writing were: oot of purpose, as well as any constraints that were imposed
* to execute well two forms of reporting, the memorandurgn their circuit design. The analysis and design section was to

and the formal engineering project report; be a narrative presentation of the work they did, with equations,

* to write with a professional tone; figures, and text integrated. We specified which equations and

* to make good choices about which technical material tferivations should be included, and what the subject of each
include. figure should be. The summary and conclusions were to begin
These are the skills we focused on, and all of the instructionaith a statement of whether their designs were successful—that
components were developed to meet these ends. is, whether their computer simulations exhibited the requested

behavior, and whether their actual hardware circuits behaved
properly. The second part of the summary and conclusions was
to be a brief statement of things they found to be keys to success
The students prepared reports in two forms. The first foi§ completing the project, or approaches by which the problem
project reports were prepared as memoranda, and the next fiyight best be solved. The Appendix was a place to respond to
reports were formal engineering project reports. (The tendhecific technical questions which had been posed in the assign-
report was the special “frazzled boss report” which includegent. (We soon realized that answering homework-type ques-

simply the technical work without text. This relaxation of th&jons is not a part of a real design project, and it will not be
writing requirement was a “gift” to the students at the end ofiacluded in the reports in future semesters.)

long, hard semester.)

A memorandunwas defined for them as a brief and factual
document having the following characteristics: It is a message
to a colleague or supervisor within the author’s organization. There are many aspects to writing with a professional tone,
The textual part often serves as a cover statement for attachefiwe focused on just two:
material. The reader may choose only to read the memo itself, or¢ use of a word processor and computer graphics (there was
may go on to examine the attachments; thus, the students were to be no handwriting anywhere in the document);
requested to include equations, circuit diagrams, plots, etc., ase to write as a working professional to a colleague or super-
attachments. In most cases, a satisfactory memorandum text fits visor, rather than as student to instructor.
onto a single page. To prepare the report with computer and printer is reasonable

The formalengineering reports not so brief. In our course, pecause, like most of our sister departments, we provide com-
it had five distinct parts, with technical material, such as equguters and software for their use. Writing with a word processor
tions, circuit diagrams, and plots, integrated into the text, rathigrsimply fundamental to establishing a professional tone.

I1l. DEFINING THE TWO REPORTFORMATS

V. WRITING WITH A PROFESSIONALTONE

than attached at the end. The parts are: To write from the viewpoint of a working professional
e cover page; was almost entirely new to them. It meant at least three
 problem statement; things in this context: 1) to focus on the work itself in-

« analysis and design; stead of what one learns or experiences, 2) to playrdie
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Assignment

Project Report Number Four: A Multiple-output Network

Tn Project Four you will design a multiple-output network, using actaal 74XX devices in your circuit schematic diagram. A major goal will be to obtain the

minimum possible gate count with multilevel design, and recogninng common terms among the four output functions. You will report your results in an
Engineering Project Report as described in “Preparing the Engineening Report” below. Your report will include answers to the following questions:

1. What is the "cost” of your design in terms of the number of inputs and gates? Show tree diagrams for each output function.
2. How many output bits would be needed for a 3-bit multiplier (€. a circuit which multiphes two 3-bit numbers together)? A 4-bit multiplier? An n-bit

multiplier?

To prepare Project Report Number Four choose any of the items below:

The Challenge
‘Jlfhv You A.re Dom_gl‘lus Prouect

ocument: Done

Fig. 1. Web page serving as an introduction to Project #4.

of a professional engineer, rather than an engineering stu-e
dent in a class, and 3) to consider oneladienceto be

a colleague or supervisor, rather than a professor. To focuse
on one’s experiences means to say things like “I learned
a lot about flip-flops in this lab.” To help them play the
role of a professional, we created imaginative situations for
them, such as suggesting that they are tail-light engineers
at Rolls-Royce. Frequently, they framed their reports while
playing these roles, making comments such as, “My first as-
signment as tail-light engineer was to design” which then
established their professional stance for the rest of the report.
In writing for the professor (inappropriately), one might say
“the purpose of this project was to introduce us to timing
diagrams.” We uncovered other basic principles of writing
with a professional tone but chose not to emphasize them

Lecture presentations on what the two types of reports
should be, and accomplish;

a written challenge for each project, posing the technical
problem the students were to solve with their circuit de-
signs;

an internet Web site for the course (which may be viewed
at http://www.colostate.edu/Depts/WritingCenter/assign-
ments/eel02/ee102.htm);

grading of the technical aspects of their reports by a paid
student grader;

grading of the writing aspects of their reports by a pro-
fessor;

follow up debriefings on the success of their reports,
presented to the class of 92 students at the lecture class
meeting.

in the course, preferring to stick to the two just detailed. Our definition of the memo was itself conveyed to the stu-
These other principles are mentioned in the Appendix dknts in the form of a memo, which served as an example of the

this article.

VI. MPLEMENTATION

The following instructional elements were developed for the

course:

desired typesetting format. In addition, we gave them an engi-
neering project report as an example of that typesetting format;
the subject of the model report was what a report should con-
tain, in general terms.

The lecture presentations included motivational discussions
about the importance of good technical writing, and explana-

« a model memo and a model engineering project report;tions of the general nature of memos and engineering project
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|l A two bit multiplier circuit has four inputs as shown in the figure below. A and B represent the first and second bits (A is the most significant bit) of a bmary
| number Ny; C and D represent the first and second bits (C is the most significant bit) of a binary number N,. The network has four outputs W, X, Y,and Z,

which represent the first, second, third, and fourth bits of a binary number N, The output N is equal to the product of N} and N,,.
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| Design and construct a circuit to implement the logic functions for W, X, ¥, and Z. Use only 2-input gates, and use 743X devices from the device library of
i LogicWorks whenever possible. Explore multilevel design so as to use the fewest possible gates. Recognize common terms among the four output
| functions and thereby reduce your gate count

]

™
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| Demonsirate your design in hardware at the next lab meeting.

‘Home | Contents | Site Map | Index | “Help. | Site Info

Fig. 2. Web page giving the technical “Challenge” for Project #4.

reports. We encouraged them to write as professionals by dis-¢ Your Audience and Your Role

cussing audience, and giving them roles to play. For example, in (reminding them to write as a professional, and what
the rather preliminary Project #0, Banana Electronics’ Slippery  that means);

Logic Division has just received a new software package. A staff « A Point of Technical Information

engineer (the student) is asked to verify that the software works (depending on the project);

correctly and report this in a memo to the supervisor. In Project ¢« Preparing the Engineering Report

#6 the student is the principal electrical engineer on the Star- (repeating our definition of the report type, with the
ship Enterprise, and must build an “electronic identifier” using  model report);

a multiplexer chip. A full engineering project report for the cap- ¢ What to Include in Your Project Report

tain is required. (specific technical material that is required);
In the laboratory class meeting, the students received a+ Project Report Submission
written challenge, which posed the problem they were to solve (a reminder of the due date, time, and place).

with their circuit designs. Each challenge contained a list of The class Web site was developed within a larger writing-
the required content of the report, along with the followingcross-the-curriculum initiative at Colorado State University.
statement: “Go to the class homepage (Internet Web site) s initiative provides online support for writing instruction
EE102 for instructions on preparing your report.” (http://www.colostate.edu/Depts/WC/) in a variety of courses at
A class Web site was constructed, with a page (see Fig. 1 toblorado State University [14], [15].
an example) for each project. These Web pages repeated thehe grading of the technical content of their report was ac-
challenge (see Fig. 2), and provided background informatiedmplished using a paid student hourly grader. Grading of the
and detailed instructions for preparing the report (see Fig. )iting aspects of the reports, as well as general administration
These instructions included: of the laboratory, was done by a professor. This professor’s as-
* Why You Are Doing This Project signment was considered equivalent to the teaching of one class
(stating learning goals pertaining to both technicdbr workload purposes. The writing was graded on a most basic
knowledge and writing skills); level. Was the typesetting format of the report followed? Was
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Preparing the Engineering Report

Y our Project Report must contain the following components:

e Cover Page

* Problem Statement

¢ Analysis and Design

¢ Summary of Results and Conclusion
* Appendices

ick below for an example of what should be included in each of the above sections:

Q2 view Model Protect Repart

Fig. 3. Web page on “Preparing the Engineering Report.”

the required content present in each section and basically undsxilis, if they are important, should be taught in a class on tech-
standable? Thus, nonnative English writers suffered no penatigal writing, that there was too much emphasis on writing, or
for their relatively awkward and unconventional constructionthat it demanded too much of their tim&fe believe as educators
so long as they were communicating the required message. Tthist we must strive for integration, and minimize compartmen-
approach helped speed up the grading and allowed foreign galization, of the knowledge and skills they receive during their
dents to experience success while at the same time helping thasitege years.
gain a more mature command of English. Proofreading errorsWe explored electronic (paperless) reporting but found
were noted, but were not penalized. it unsatisfactory. The printed paper document seems to be
After all the reports of a given project were graded, we déreplaceable for communicating substantial engineering work,
briefed the class at a lecture meeting. This included a summaspecially when graphics are combined with text and the
of their scores on various aspects of the reports, and exampledadument is several pages in size.
both successful, and unsuccessful writing. One of the most fre-The success of this approach depends heavily on both the
quently repeated admonitions was, “Don’t say this. Remembtechnical knowledge of the instructor(s), and on the their ded-
you are writing as a professional, not a student!” ication to writing excellence. A typical electrical engineering
graduate teaching assistant lacks the experience and motivation
required to execute this program. Similarly, the typical grad-
VII. CONCLUSIONS AND PLANS uate assistant in a “communications” major, such as technical
writing, does not have the technical knowledge necessary to
We polled the students during the last week of the semestegirade the reports. Thus, our course involved two Professors in
order to probe their attitudes toward this emphasis on techni€déctrical Engineering, one teaching the usual technical mate-
report writing (their responses were anonymous). 83% affirmedl, and the second concentrating on the writing portion of the
that “it is a good idea to emphasize technical report writing @surse. The teaching load for each Professor was considered
we did in this class.” We interpret this overwhelmingly positivequivalent to that of teaching one course.
response from students as an indication that the students undeWe believe that it is critical to focus on writing skills in the
stood the importance of developing their writing skills, and welfigst laboratory course the freshmen take within our department.
willing to spend extra effort toward attaining this. The studeniBhis allows us to establish, early on, our high expectations with
who responded negatively to our question felt that the writingspect to report writing for all the engineering classes. We do
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believe that it will be important to follow up with a writing em- [13] K.H. Schulz and D. K. Ludlow, “Incorporating group writing instruction
phasis in subsequent courses. Mandating these formats in every N engineering coursesJ: Eng. Educ.vol. 85, no. 3, pp. 227-232, 1996.

. . " . [14] M. Palmquist, D. Rodrigues, K. Kiefer, and D. Zimmerman, “En-
lab class would reinforce their memo- and report-writing skills, hancing the audience for writing across the curriculum: Housing WAC

but will require additional resources that are difficult to afford. in a network-supported writing centeComput. Compositigrvol. 12,
Frankly, not every faculty member attaches the same importan)je pp. 335-353, 1995.

t it Th instead of duplicati thi hi M. Palmquist, K. Kiefer, and D. E. Zimmerman, “Creating commu-
0 writng. us, Instead or auplicating this approach in ever nity through communication across the curriculum,Eiectronic Com-

course, we plan to follow up by emphasizing writing in one lab- munication Across the CurriculunD. Reiss, D. Selfe, and A. Young,
oratory course at the junior level. Eds. Urbana, IL: National Council of Teachers of English, 1998.
APPENDIX

. . John E. Mahanreceived the B.S. degree in engineering sciences from Purdue
In grading the 900 or so reports during the semester, certaifiversity, West Lafayette, IN, in 1970 and the doctorate degree in materials
other principles of writing with a professional tone emerged?iAefftlce and elﬂg_in%friIHQ éﬂ 1976 ffOf;? Stanford Uﬂigﬂshity, Stélmf_ordd, CA.
: : er completing the doctorate, he investigated photovoltaic devices as
These included the following. a Research Associate at the Massachusetts Institute of Technology. He has
* Avoid excessive expressions of personal feelings and eso spent sabbatic_al years at the Center for Research on the Mechanisms
periences of Crystal Growth in Marseille, France, and at the Institute for Nuclear
o i i . and Radiation Physics at the Catholic University of Leuven, Belgium. He
“Amazingly, my hardware circuit went well, and itis currently Professor of Electrical and Computer Engineering at Colorado
worked on my first try at the power source: | was so ver§tate University, offering graduate courses in physical vapor deposition, and
; ” in film growth. His scholarly interests include thin films, epitaxial growth,
pleased I almost did (?ar_tWheels down the h?“ (SUCh physical vapor deposition methods, semiconducting silicide materials, effective
enthusiasm was gratifying but had to be discouraged ##ching methods, and today’s college student. His first boBkysical Vapor
the written reports.) Deposition of Thin FilmgNew York: Wiley, 2000).

» Avoid inexact or imprecise statements.
“This lab again utilized the concepts of encoding.”
(“Concepts of encoding,” whatever that means, was not

part of the technical language of the course.) Anura Jayasumana (S'83-S'85-SM’'90) received the B.Sc. degree in

id di ; ; i ; electronics and telecommunication engineering, with first class honors, from

* Avoid dlsorganlzed or Inconveme.nt f_ormattlng_ the University of Sri Lanka, Moratuwa, in 1978. He received the Ph.D. degree

A frequent example was continuing a table from thg 1985 and the M.S. degree in 1982, both in electrical engineering from the

bottom of one page to the top of the next page. Michigan Stattfe Universit?:, Ealst Lansling-d c

; ; in_He is a Professor in the Electrical and Computer Engineering Department

) Proofread for typographical and spelling errors, and Irz]i_nd the Computer Science Department, at thepCOI0radg State %Jnivé)rsity. His
consistent format. research interests include high-speed network protocols, performance evalua-
These principles were not emphasized in the cours®p, and VLSI design and testing. He has authored/coauthored more than 130

because we wanted to keep the message simple and n.{&@ jcations in these areas and a book “FDDI and FDDI-II: Architecture, Pro-
ocols and Performance,” published by Artech House.

sure certain other basic things were accomplished. Dr. Jayasumana has served as a consultant to industry, an Associate Editor
of the IEEE Network and as the General Chair and the Program Chair of the
IEEE International Workshops on IDDQ Testing. He is a member of Phi Kappa
Phi, the IEEE Computer Society, and the IEEE Communications Society. He
was the winner of the award for the best student in electrical engineering at the
University of Sri Lanka, Moratuwa, in 1978, and the College of Engineering
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