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Abstract
This article reports on a research

study designed to address the role of
writing in terms of the assessment
of student learning.  The two-phase
study involved an instructional tech-
nique for incorporating writing into
the curriculum for non-majors.  This
technique was developed to bring
science and engineering topics to the
forefront in a new introductory phys-
ics course entitled Physics for a New
Millennium designed exclusively for
non-majors at American University
in Washington, DC.  Participants in
the initial phase of this study were
students enrolled in Physics for a
New Millennium during the fall 1999
semester and those in the second
phase were students enrolled during
the spring 2001 semester.  Through-
out this course students were ex-
posed to all aspects of preparing a
formal research paper for publica-
tion.  The process began with the
submission of an abstract and was
followed by the preparation of a draft
paper for formal review, as well as
the preparation of a revised, camera-
ready copy for publication in the
conference proceedings.  Students
then presented their final papers at
an in-class conference held at the end
of the semester.  A summary of the
curriculum devised for this writing
technique will be presented.  In ad-
dition, lessons learned from the ini-
tial phase of the study will be shared
along with how those lessons were
translated into effective changes for
the second phase of the study.  Con-
nections will be made to the impor-
tance of making science and engi-
neering topics accessible to non-
majors through the active process of
writing.  Students’ overall percep-
tions of this activity will also be
shared.

Introduction
The primary purpose of teaching is to

facilitate student learning.  Traditional
teaching methodologies have been shown
to put students in a role of passive rather
than active learning (Jones & Paolucci,
1998).  In addition, traditional instruc-
tional methods have also been shown to
be very inadequate in terms of the pro-
motion of deep learning and long-term
retention of important concepts.  Students
in traditional classrooms acquire most of
their “knowledge” through classroom lec-
tures and textbook reading.  A troubling
fact is, after instruction, students often
emerge from our classes with serious
misconceptions (Arons, 1990; Halloun &
Hestenes, 1985; Hein, 1999a; Hein &
Zollman, 2000; McCloskey, Caramazza,
& Green, 1980: McDermott, 1984;
McDermott, 1991).

A significant body of educational re-
search supports the fact that students must
be functionally active to learn (Laws,
1991; Chiappetta, 1997; McDermott;
2001).  Furthermore, Koballa, Kemp, and
Evans (1997) note that “ALL students
must become scientifically literate if they
are to function in tomorrow’s society” (p.
27).  Scientific literacy is of critical im-
portance for all students, at all educational
levels, but is especially important for stu-
dents who are not science or engineering
majors.  In written remarks regarding the
improvement of science and technology
literacy of all undergraduate students,
given to the National Science Foundation
and contributed as part of the Education
and Human Resources Advisory Commit-
tee Public Hearings on Undergraduate
SME&T Education, it was suggested that

“In the information age we have
already, no college educated per-
son can expect to be fully equipped
for a job or career without at least
a working knowledge of modern
scientific theory and a modicum
of technical competence and know

how. This will require our colleges
and universities to revisit the gen-
eral curriculum and revise the re-
quirements to ensure that their stu-
dents are prepared. This will not
happen without the enlightened
leadership of scientists and other
academics. It will not work if all
the scientific community is willing
to offer is the usual array of in-
troductory courses intended to in-
troduce the student to the major.
True literacy of all students will
require science departments to
become much more creative; to
work collegially with other sci-
ence departments and resource
centers. Scientists must offer
courses that the non-scientist likes
and which are conceptually ori-
ented, not just fact oriented. The
‘sage on the stage’ will have to be
replaced by the talented storyteller
and the multimedia expert who
has not only mastery of the mate-
rial but mastery of the method of
conveying the exciting and dy-
namic world of science” (Shaping
the Future: Volume II, p. 34).

The active and creative process of
writing about current topics in science and
engineering can significantly foster, as
well as contribute to the enhancement of,
scientific literacy.  Furthermore, writing
activities in nontraditional courses such
as is the focus of this article can lead to
deeper learning and heightened scientific
literacy.

The National Science Education Stan-
dards (NRC, 1996) further emphasize that
inquiry-based techniques should form the
core of what it means to learn and do sci-
ence.  Edwards (1997) suggests that the
publication of the National Science Edu-
cation Standards offer reason to be opti-
mistic that inquiry-based learning will
become a central part of science educa-
tion.  Inquiry-based learning strategies
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originate from the constructivist model
and encourage an active, hands-on ap-
proach to learning (Brooks & Brooks,
1993; Cobb, 1999).  The constructivist
approach embraces the idea that knowl-
edge cannot be acquired passively (Yager,
2000).  In addition, the National Science
Foundation currently has several pro-
grams that promote the integration of
standards- and inquiry-based SMET edu-
cational materials and instructional strat-
egies from elementary through graduate
school (Fortenberry, 2000).

In recent years, a number of writing
techniques have evolved that make use
of various writing-to-learn strategies
within the domains of engineering, math-
ematics, and the sciences (Connolly &
Vilardi, 1989; Countryman, 1992; Hein,
1998; Hein, 1999b; Kirkland, 1997;
Mullin, 1989; Rice, 1998; Sharp, Olds,
Miller, & Dyrud, 1999; Walker, 2000).
The use of writing in introductory classes
for non-majors may be an effective ve-
hicle for allowing students to enhance
their critical thinking and problem-solv-
ing skills.  Writing can also assist students
with the identification and confrontation
of personal misconceptions (Hein, 1999a;
Hein, 2000).

Science classes are often seen by
many students to be threatening and in-
timidating places to be.  Tobias (1990)
has been critical of introductory college
science courses and has argued that typi-
cal classrooms are “… competitive, se-
lective, intimidating, and designed to win-
now out all but the ‘top tier’ … there is
little attempt to create a sense of ‘com-
munity’ among average students of sci-
ence” (p. 9).  Hence, a traditional science
classroom may present potential barriers
that could inhibit learning for some stu-
dents.  The active process of writing can
provide one mechanism through which
these barriers to learning could be reduced
and possibly even removed.  Tobias
(1989) also indicates that writing can
serve as a means to help students relieve
their anxiety and help them unlearn mod-
els and techniques that have been shown
to be scientifically unsound.

This article describes a study involv-
ing a novel technique for infusing writ-
ing into the introductory physics curricu-
lum.  Student participants were non-ma-
jors enrolled in a General Education
course entitled Physics for a New Millen-

nium during two different semesters [fall
1999 (Phase I) & spring 2001 (Phase II)].
The techniques to be described here al-
lowed students to experience all aspects
of preparing a professional paper for pub-
lication.  The students’ experiences cul-
minated with the presentation of their
papers at The New Millennium Confer-
ence.  Following a brief course descrip-
tion, the curriculum developed for the
writing activity will then be discussed.
This discussion will be followed by a
summary of The New Millennium Con-
ference in which students participated.
Feedback from student participants will
also be highlighted.  In addition, lessons
learned during Phase I of the study will
be shared along with how the lessons
translated into effective changes and im-
provements during Phase II.  Finally, a
summary of this technique will be pre-
sented in light of its relevance to science,
mathematics, engineering, and technol-
ogy (SMET) education.

The Physics for a
New Millennium
Course

Physics for a New Millennium (PNM)
is a relatively new second-tier course in
the Natural Sciences portion of the Gen-
eral Education core at American Univer-
sity.  All students at American University
are required to take two courses within
the same curricular area in the Natural

Sciences.  Thus, students can choose to
take two courses in either the biology,
chemistry, physics, or psychology.  Prior
to enrolling in PNM, students will have
first taken the foundation course Physics
for the Modern World (PMW).  Approxi-
mately 120 students enroll in PMW each
semester (60 in each class session).  In
terms of content, the PMW course is a
fairly traditional one-semester, algebra-
based introductory course for non-majors.
Students in PMW attend two 75-minute
classes every week and a 2 1/2 hour labo-
ratory every other week.  Topics typically
addressed in the PMW course include:
Kinematics, Newton’s Laws, Momentum
and Energy, Rotational Motion, Fluid
Mechanics, and Waves & Sound.  The
course includes strong conceptual and
problem solving components.  In addi-
tion, the course involves a significant
writing component (Hein & Joyner,
2001).  Although traditional in its con-
tent and format, numerous teaching strat-
egies have been developed for use in
PMW that focus on the accommodation
of students’ diverse learning styles (Hein,
1995; Hein & Budny, 1999; Hein &
Zollman, 2000).  This type of course is
of critical importance on college cam-
puses often not because of the clientele,
but rather because of the revenues asso-
ciated with the large enrollments that are
typical of such courses.  In fact, this
course deals with a population of students
that is often overlooked, non-majors en-
rolled in General Education physics
courses, yet they are so important as sci-

Figure 1.  Students in the Fall 1999 class demonstrate an
                 optics experiment
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entifically literate citizens. At American
University significant attention is paid to
the general education courses and to the
students enrolled in them.

The PNM course was designed to
build upon the foundation laid in PMW.
The content of PNM includes:  Electric-
ity & Magnetism, Light & Color, and
Modern Physics.  The PNM course was
developed through the use of current re-
search in Physics and Engineering Edu-
cation.  As a result, the course is taught
using an integrated, inquiry-based format.
Students meet once a week for a 75-
minute class session and once a week for
a 150-minute activity-oriented session.
During these activity-oriented sessions,
students are able to perform a number of
interactive engagement, hands-on, inves-
tigative activities thus enabling them to
more deeply probe the topics being dis-
cussed during class.  Typical inquiry-
based activities are highlighted in Figures
1 and 2.

During some sessions students ex-
plored the topics of Electricity & Mag-
netism by building electric circuits and
motors (Figure 3).  Students also enjoyed
exploring the physics involved with the
operation of an incandescent bulb (Woolf,
2000).  Students especially enjoyed dis-
secting a 3-way light bulb and switch to
help them understand how each operated.

The topics of Light & Color were stud-
ied using various hands-on optics activi-
ties and experiments.  Using the quantum

Figure 2.  Members of the Fall 1999 class view the sky
      through a pinhole camera

Figure 3.  Students in the Spring 2001 class enjoy
                 success after building a motor

model of the atom, students investigated
various properties of gas lamps, incandes-
cent bulbs, and light-emitting diodes
(LEDs) and were then able to link them
to practical, everyday applications within
the domains of science and engineering.
This approach to bringing topics in Mod-
ern Physics to non-majors involved the
use of award-winning interactive software
and hands-on activities entitled “Visual
Quantum Mechanics” (VQM) developed
by the Physics Education Research Group
at Kansas State University (Donnelly,

1997; Rebello, Cumaranatunge, Escalada,
& Zollman, 1998).  Traditionally, topics
in Modern Physics are highly mathemati-
cal in nature.  However, the VQM mate-
rials are very unique in that they were
designed specifically with the non-major
in mind, and hence, require only a mini-
mum background in mathematics.

Phase I of the current study was con-
ducted in fall 1999, the semester that
PNM was first piloted.  Because of the
interactive and investigative nature of the
PNM course, enrollment was limited to
16 students per semester (which is the
standard size for a typical laboratory sec-
tion).  Students in the fall 1999 class were
majoring in areas of study that included:
Broadcast Journalism, Business, Eco-
nomics, Finance, Graphic Design, Inter-
national Studies, Political and Computer
Science Information Systems, and Pub-
lic Communication.  Phase II was con-
ducted during the spring 2001 semester
with enrollment again limited to 16 stu-
dents.  Typical student majors included:
Audio Technology, Broadcast Communi-
cations, Business, International Relations,
Political Science, and Studio Art.   In ad-
dition, the spring 2001 class was very di-
verse with students hailing from 10 states
and 5 countries.

The following section presents a de-
scription of the writing activity developed
for use in Phase I of this study.  This ac-
tivity was designed to give students ex-
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posure to all aspects of preparing a for-
mal research paper for publication and
presentation.  Based on lessons learned
during Phase I, some modifications and
enhancements were made to the writing
activity during Phase II.  The specific les-
sons and modifications will be discussed
in a subsequent section.

Description of the
Writing Activity:
Phase I

Early in the fall 1999 semester stu-
dents enrolled in PNM were informed that
one of the key components of the course
would be the preparation of a formal re-
search paper for publication and presen-
tation at a “conference” to be held at the
end of the term.  Students were allowed
to choose a research topic that interested
them provided that the physics content
involved closely paralleled one or more
of the topics covered on the course sylla-
bus.  In addition, topics selected were re-
quired to be congruous with the new mil-
lennium conference theme.  The key idea
was to have students explore a topic(s) in
more depth than would be covered in
class, thus making them the “experts.”

Throughout the semester, students
were exposed to all aspects involved in

the preparation of a formal research pa-
per for publication.  These aspects in-
cluded: responding to a call for papers,
being notified of the acceptance of their
abstracts, conducting the necessary re-
search, preparing and submitting a draft
for formal review, and receiving and uti-
lizing the feedback to prepare a final pa-
per.  The importance of prompt and ef-
fective feedback has been widely docu-
mented in the research literature (Brown
& Knight, 1994; Cross, 1988; Gastel,
1991; Harmelink, 1998; Hein, 1998;
Hein, 1999a; Wiggins, 1997).  Each of
these items are further described and il-
lustrated in the sub-sections that follow.

The Call for Papers
The conference call for papers was

distributed at the beginning of the semes-
ter.  Students received a paper copy as
well as an electronic copy of the call via
the class listserv.  Figure 4 shows the ac-
tual “Call for Papers” that was distributed
to students:

The purpose of having students pre-
pare an abstract was twofold.  First, the
preparation of an abstract gave students
a sense for how the abstract submission
process is handled for a professional con-
ference.  Second, it provided students the
incentive to choose a topic for their pa-
pers early and to begin to focus on the
research aspects of the project.

The New Millennium Conference      CALL FOR PAPERS                  December 3, 1999

Abstracts are now being accepted for The New Millennium Conference to be held on December 3, 1999 at American
University in Washington, DC.  A wide range of paper topics will be considered.  Where possible, papers should involve
some aspect of the topics listed on the Physics for a New Millennium course syllabus.  Possible presentation/paper topics
include (but are not limited to):
� Historical, current, or futuristic views on a topic related to electricity, magnetism, light, color, or quantum mechanics;
� Physics as it relates to the design, development, and/or function of a commonly used device (e.g. What is the physics

involved in a burglar alarm?  How is sound created for a movie film?  How does the detector in the light meter of a
camera work?);

� Physics/Science and public policy issues;
� Physics/Science and society issues;
� Medical applications of physics;
� Physics as it relates to any major offered by American University; and other topics of broad interest.

The deadline for submission of abstracts is 5 pm on Tuesday, September 21, 1999.  Authors will be notified as to the
acceptance of their abstracts on or before Tuesday, September 28, 1999.  Along with formal notification authors will receive
instructions for formatting their written papers.  Please note that first drafts of papers will be due on October 19, 1999.
Electronic submissions of abstracts are welcome.  Hard copies are also acceptable.  Please direct all questions/correspondence
to:  Dr. Teresa Larkin-Hein, Conference Coordinator.

Figure 4.  The Call for Papers

The call for papers marked the begin-
ning of a semester-long research and writ-
ing project for the students.  Students
were informed that the only difference be-
tween submitting an abstract for the New
Millennium Conference and an actual
conference was that their abstracts
WOULD definitely be accepted!  All sub-
mitted abstracts were reviewed by the
course instructor.  Approximately one
week after the submission of their ab-
stracts, students were informed (electroni-
cally) that their abstracts had been ac-
cepted.  Figure 5 illustrates a typical abstract
acceptance notification sent to a student fol-
lowing the submission of their abstract.

Conducting the Necessary
Research

Upon receipt of the formal acceptance
of their abstracts, students were instructed
to set up an appointment to discuss the
comments and suggestions provided by
their instructor.  Students were asked to
bring all of the research materials that
they had collected thus far with them to
their appointment.  Viewing the research
materials allowed the instructor to help
students narrow and refine their topics.
After this meeting, students began the
process of collecting additional resources
as well as preparing a first draft of their
written papers for formal review.
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Congratulations! I am pleased to inform you that your abstract “The Creation and Detection of Tsunamis” has been
accepted for presentation at The New Millennium Conference to be held at American University on December 3, 1999.
You are now invited to submit a full paper for review. If accepted (and it WILL be accepted) your paper will be published
in The New Millennium Conference Proceedings at the end of the fall semester. Attached you will find the guidelines
you are to use when formatting your paper. Specific reviewer feedback pertaining to your abstract is as follows:

1) Overall this is an interesting topic.
2) In your first statement that the tsunamis can “... be explained very simply by the application of physics.” Could you

expand briefly on this statement by highlighting the specific physics you intend to focus on in your paper? Further
more, can you make some links between the tsunamis and any of the physics topics that we have or will discuss in
class this semester?

3) What I read from your abstract is that the tsunamis can be easily explained using some physics - but they are not as
easy to detect. Is this a correct interpretation? If so, I suggest that you expand (briefly) your discussion of why they
are so difficult to detect.

4) You begin your third sentence with the word “this.” I suggest that you don’t start a sentence with “this.” Instead you
should indicate specifically what it is that “this” refers to.

5) Your last sentence is important. It is here that you are telling the readers what it is you intend to focus on in your
paper. I suggest that instead of starting the sentence with “This study...” you start with something like “This paper will
focus on....” I think it would be better to refer to the paper rather than a “study” since you really aren’t doing a study
in the sense of a scientific study.

6) You might also consider splitting your last sentence into two or three sentences. You’ve packed quite a bit of infor
mation into that one sentence and it might read a little better if you break it up just a bit.

7) I also suggest that you conclude your abstract with some type of a summary statement. If you conclude the abstract
with a summary statement this will aid your readers in knowing exactly where you are intending to go (and not go)
with the body of your paper.

8) I will keep the copy of the abstract you have submitted for my file. I trust that you have saved a copy. If not, please
see me to make a copy of it.

Overall, good job! It is clear to me that you’ve begun your library search for materials to support your paper.
I look forward to receiving the draft of your full paper. Just a reminder, your draft is due on Tuesday, October 19.
Electronic as well as paper submissions are acceptable. Please don’t hesitate to contact me if you have any questions
as you are putting your paper together. I would also like for you to schedule a short meeting with me to discuss the
overall outline of your paper. Please contact me sometime this week so that we may set up such an appointment.
Thanks so much. Once again, congratulations on the acceptance of your abstract!

Professor Larkin-Hein

Figure 5.  Typical Abstract Acceptance Notification

Preparing and Submitting a
Formal Paper for Review

When students initially received no-
tification that their abstracts had been ac-
cepted, they were given a copy of the for-
matting guidelines to be followed as they
prepared their papers. The guidelines that
were given to the students were essen-
tially the same guidelines given to authors
submitting a paper to the ASEE/IEEE
Frontiers in Education (FIE) Conference
held in San Juan, Puerto Rico in Novem-
ber 1999.  Students were also given a copy
of a paper written by the author for the
1999 FIE conference that had utilized the
same guidelines.   Students submitted
their paper drafts to the instructor in hard
copy format.

Receiving Reviewers’
Feedback
All paper drafts were subjected to a for-
mal review in late October 1999.  All re-
views were conducted by the instructor.
Once the reviews were completed, each
student met individually with the instruc-
tor to discuss the feedback and comments
they had received.  At this point in the
semester, some students turned in papers
that needed very little additional work,
while others turned in papers that still
needed a substantial amount of revision.
As a result, some students were told that
they could begin working on their final
copies of their papers, while others were
asked to submit a second draft within a
week or two.  Papers that were submitted
in second draft form were re-reviewed by
the instructor.

Revising Papers for the Con-
ference Proceedings
Near the end of October 1999 students
were ready to begin the preparation of the
final copies of their papers.  Students sub-
mitted final copies of their papers in elec-
tronic form near the latter part of Novem-
ber 1999.  Typical papers ranged in length
from 5 – 8 formatted pages.  The submit-
ted papers were then arranged according
to “common themes.”  A brochure high-
lighting each paper and a spiral-bound
conference proceedings were produced
and distributed to each student on the day
of the conference.
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The New Millennium
Conference:  Phase I

On December 3, 1999 The New Mil-
lennium Conference was held.  The con-
ference was 4 hours in duration.  A typi-
cal the class period was 150 minutes in
length, however, students were informed
that this class period was “special” and
that they would need to arrange their
schedules accordingly.  Fortunately the
class met on Friday afternoons, so con-
flicts were minimal.  In addition, students
were released from one day of class ear-
lier in the semester to give them time to
work on their papers and to compensate
them for the longer class period for the
conference.

The conference consisted of presen-
tations by 14 of the 16 students enrolled
in the course.  For various reasons, two
students did not participate in the confer-
ence.  Figure 6 gives an overview of the
sessions and topics presented during the
conference:

Two days prior to the actual confer-
ence, students met with the instructor to
go through a practice-run of their presen-
tations.  The students prepared and made
use of overhead transparencies,
PowerPoint slides, and demonstrations
during their presentations. The practice-
run proved to be very important, as many
students had prepared substantially more
material than could be presented in the
time allotted.  At the practice-run students
were also reminded to wear appropriate
attire for the conference.

Inspection of the schedule given be-
low shows that a time limit was allotted
for presentation of papers at the confer-
ence, just as there would be at a profes-
sional conference.  Students were given
10 minutes for their presentations and
then allowed two minutes for questions.
When the time came for the two absent
students to present their papers at the con-
ference, a break was taken in order to keep
the sessions on track (again as is typically

SESSION I:  TRANSPORTATION

Presentation 1:  1:00 – 1:12 PM “The Maglev Train: Transportation for the New Millennium”
Presentation 2:  1:12 – 1:24 PM “Physics of Maglev”
Presentation 3:  1:24 – 1:36 PM “The Art of Entertainment: Exploring Technology Use in Amuse-

      ment Park Rides”
Presentation 4:  1:36 – 1:48 PM “Electric Cars:  Past, Present, and Future”
Presentation 5:  1:48 – 2:00 PM “The Complexities of the Airbreathing Engine”

SESSION II:  PHOTOGRAPHY AND FILM

Presentation 1:  2:10 – 2:22 PM “The Camera: A Physical Component of Photography”
Presentation 2:  2:22 – 2:34 PM “The Physics of the Lens: From Image to Reality”
Presentation 3:  2:34 – 2:46 PM “The Photoelectric Effect and Its Application to Sound in Movies”

SESSION III:  COMMUNICATION

Presentation 1:  3:00 – 3:12 PM “Applications of Physics in the Telephone Network”
Presentation 2:  3:12 – 3:24 PM “The Computer”
Presentation 3:  3:24 – 3:36 PM “Advanced Internetworking: Creating the Next Internet for the

      New Millennium”

SESSION IV:  APPLIED ISSUES IN TECHNOLOGY

Presentation 1:  3:46 – 3:58 PM “The Creation and Detection of Tsunamis”
Presentation 2:  3:58 – 4:10 PM “United States Nuclear Waste Policy:  Do the Advantages Out-

      weigh the Risks?”
Presentation 3:  4:10 – 4:22 PM “Microwaves: The Physics Behind the Food”
Presentation 4:  4:22 – 4:34 PM “Fluorescence Polarization as a Means for Drug Testing”
Presentation 5:  4:34 – 4:46 PM “The Relativistic Heavy Ion Collider: Examining the Be-

      ginning Moments of the Universe”

Figure 6.  The Conference Program

done at a professional conference). Over-
all, the presentations made by students
were of a very high quality.

The conference itself attracted a mod-
est amount of attention at American Uni-
versity.  During the conference, the stu-
dents enjoyed visits from the Dean as well
as the Associate Dean of the College of
Arts and Sciences.  Both deans indicated
that they were thoroughly impressed with
the high quality of the papers presented
by the students as well as the professional
way in which they conducted themselves.

The following section highlights stu-
dent impressions regarding their overall
experiences in the PNM course during
Phase I.  In addition, feedback received
from students via a written questionnaire
is summarized.

Feedback from
Students:  Phase I

Near the beginning of the semester,
students were quite apprehensive about

the prospect of preparing
a formal written paper.
None of the students had
ever been given a writ-
ing assignment of this
magnitude before.  Al-
though the students had
done a significant
amount of writing while
they were enrolled in the
foundation course,
PMW, the task facing
them in PNM seemed
quite daunting.  In addi-
tion, many students ex-
pressed anxiety regard-
ing the fact that they
were also being asked to
present their papers
orally.  Initial comments
from several students
suggested that they felt
they would never be able
to fill the 10-minute time
period allotted them for
their presentations.  In
reality, once students
had completed their
written papers and had
prepared their materials
for presentation, most
found that they had too
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much material to fill the 10-minute time
slot!  Thus, the real challenge faced by
most of the students was the condensa-
tion of their papers into a 10-minute pre-
sentation.  Each and every student author
was, however, successfully able to present
their papers within the given time period.
Figure 7 presents a photograph of the stu-
dent authors taken on the day of the con-
ference.

On a questionnaire given students near
the end of Phase I, students were asked
to describe their overall impressions re-
garding the conference paper assignment.
Typical student responses included:

I’ve never written a technical paper
like that before.  The topic was much
more involved - and required you to
really understand what you were writ-
ing about.

I thought this was a difficult assign-
ment that taught me a lot and was
worth doing.  It was a lot of work, but
after doing it, I felt like I learned a
lot.  I never had to write a technical
paper before and I’m happy that I can
now say that I wrote a conference
paper.

I learned a lot about a subject that I
would not otherwise have learned
about.  I had never written one of this
magnitude, or that required so much
in-depth research.  We were allowed
to pick the topic - which was nice.

I have never written any form of tech-
nical paper at all.  At first, I was not
very excited about the idea of writing
such a paper, but I did feel that I had
a very valuable experience.  I feel that
I have learned so much - beyond phys-
ics principles.  I also appreciated you
forcing us to do rough drafts, so I was
able to pace myself and put more ef-
fort into it than I otherwise would
have.

At the conclusion of the conference,
it was clear that the students felt that all
of the time, energy, and hard work they
had devoted to the preparation for the con-
ference had paid off.  Many expressed that
they had experienced a fairly steep learn-
ing curve on both the content covered as
well as the rules and regulations they were
required to follow as they prepared their
formal papers.  In addition, many students
expressed gratitude for the opportunity

Figure 7.  Members of the Fall 1999 PNM Class on
                 conference day

•

•

•

•

they were provided to participate in such
a formal and professional activity.

In the next section, lessons learned
during Phase I of this study are presented.
In addition, changes and improvements
made during Phase II are highlighted.

Additions and Im-
provements:  Phase II

Upon completion of Phase I of this
study, several interesting items emerged.
One item of critical importance during all
aspects of Phase I was the need to con-
tinuously provide feedback to the student
authors. One improvement made during
Phase II was the addition of even more
frequent meetings with the students.
Thus, students were able to better pace
their research and writing over the course
of the semester.  These meetings were es-
tablished at the request of either the in-
structor or the students.  With a writing
project of this magnitude, students appre-
ciated the many opportunities to give a
progress report and to receive oral and
written feedback on their work.

New to Phase II was the creation of
an author and paper topic list that was dis-
tributed to all students electronically.
Several students were researching topics
that were related in that they involved
similar physics principles and ideas.  The
author and topic list allowed students to

work collegially in the sense that they
could easily share important resources
with each other.

During Phase II, the topics students
were researching were brought up and
discussed frequently during the class ses-
sions.  These discussions served to en-
courage students as well as to call their
attention to the research being conducted
by various members of the class.  These
discussions also helped students to real-
ize the importance of collaboration
amongst peers.  This type of collabora-
tion also served to foster a more genuine
community of learners than might be
found in a more traditional, lecture-type
course.

Class discussions regarding the ongo-
ing research projects also encouraged stu-
dents to view their classmates, and, more
importantly, their instructor as “co-
searchers.”  Kutz (1993) described this
type of co-searcher collaboration as one
in which an instructor helps students
frame questions and design projects, sug-
gests ways to analyze data and readings
that might answer specific questions gen-
erated by the research, and engages them
in discussions about these questions.  For
many students in the class, this format
required a significant paradigm shift in
terms of how they were most comfort-
able in viewing the role of their instruc-
tor.

During many of the class discussions
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students were reminded of the fact that
they were the authors and their instructor
was simply offering suggestions to them.
Many students were initially uncomfort-
able with not being told exactly what they
needed to do with their research projects.
Instead they were given suggestions and
advice and were thus required to make
significant choices on their own.  For
many students, this was the first time they
had ever experienced this level of inde-
pendence in a college classroom.

During Phase I the only aspect of the
submission process that was handled elec-
tronically was the call for papers.  Once
students had submitted their abstracts, the
remainder of the process was carried out
through hard copy paper submissions.  To
provide students with a more authentic
experience, all aspects of the submission
process was converted to a web-based
format during Phase II.   A web site was
created which allowed students to sub-
mit their abstracts, paper drafts, and final
papers electronically.  This process was
very efficient and substantially reduced
the number of late submissions.  The elec-

Figure 8.  The electronic submission site for 2001
      New Millennium Conference Papers

tronic submission process also served to
enhance the activity by providing a more
professional overall format.  Figure 8

shows a view of the electronic submis-
sion site created for Phase II of this study.

During Phase I, the paper review pro-

2001 New Millennium Conference Review Form
Please review this paper critically.  Your professional judgement will help maintain the quality and credibility of the papers that appear
in the Conference Proceedings.  One of the main goals of this review is to assist the authors in improving their work.  Thus, be sure to
consider the demeanor of your comments and their intent.

A. Reviewer’s Recommendation (please recommend as you feel appropriate).
■ ACCEPT paper as is for publication in the conference proceedings.
■ ACCEPT paper for publication with minor revisions, as indicated.
■ ACCEPT paper for publication with major revisions, as indicated.
■ REJECT paper - do not publish (please give a brief summary of your reasons for rejection in the “Additional Comments” Section

given below).

B. Specifics
Respond in writing to each of the items listed below.  Your responses must be typed and in a format suitable for use by the author.  Your
responses must be completed by Friday, March 30, 2001.

1. Does the paper present new and/or innovative ideas or materials?
2. Is the paper written at a level appropriate for the intended audience?
3. Is the information in the paper sound, factual, and accurate?  If no, please explain why.
4. On a scale from 1 - 5, rate the paper on its contribution to the “body of knowledge” in science, engineering or technology education

particularly as it relates to the general population.  (none = 1, very important = 5)  What is the major contribution(s) of the paper?
5. On a scale from 1 - 5, rate how well the overall ideas in the paper are presented.  (very difficult to understand = 1, very easy to

understand = 5)
6. Rate the overall quality of the writing.  (very poor = 1, excellent = 5)
7. Is the formatting of the paper done correctly following the conference guidelines?
8. Does the paper cite and use appropriate references?
9. Does the paper make appropriate use of tables, figures, and/or other illustrations?  Would the inclusion of additional tables, figures,

and/or illustrations enhance the paper in any way?  If so, how?
10. Does the paper use gender neutral language?
11. Should anything be deleted or condensed in the paper?  Please be specific.
12. Is the treatment of the subject complete (i.e. no important ideas, analysis, or information)?  If no, please explain.
13. Additional comments.  This is the place to comment on other items you feel are important to the quality of the paper but weren’t

specifically addressed in the questions listed above.

Figure 9.  Template for the peer review process
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cess was conducted entirely by the course
instructor.  Thus all papers had only one
reviewer.  Many students did have a friend
who was not taking the course read over
their papers, primarily checking for er-
rors in grammar and spelling.  This pro-
cess was revised during Phase II to in-
corporate a formal peer review.  Students
were paired up for the peer review based
on the topics they were researching.  For
example, one student was researching the
topic of how the concept of color is taught
at the elementary level while another stu-
dent was researching the topic of rain-
bows.  Both students were researching
topics related to color and light and hence
were paired together to exchange papers
for the review.  The pairing of students
with similar research topics allowed stu-
dents to feel that they could provide not
only a review of grammar and style, but
also a more technical review of the key
physics content.  Figure 9 shows the re-
view template students were given which
provided needed structure and which
framed the backbone of the review pro-
cess.

Several researchers have documented
the importance of having students partici-
pate in a peer review process (Trautman,
Carlsen, Krasny, & Cunningham, 2000;
Towns, et al., 2000/2001).  The imple-
mentation of a peer review during Phase
II was an important addition to the writ-
ing activity.  An unanticipated, yet posi-
tive result of the peer review process was
that students became better equipped to
make revisions to their own papers.  This
occurred because students were forced to
become more familiar with the paper sub-
mission guidelines in order to provide
their peers with constructive feedback.

In terms of assessment, students were
continuously reminded that their grades
for the writing activity were going to be
based on a more authentic assessment
process and not simply a final product.
From the time abstracts were initially ac-
cepted to the time final papers were sub-
mitted, students accumulated points that
would be included in their final paper
grade.  The conference paper and presen-
tation were worth approximately one-
third of a student’s grade in the course
and essentially replaced the traditional
final examination.  The review template
given in Figure 9 formed the backbone
of the rubric that was used to assess the

written conference paper.
Assessment of the overall paper

preparation process, rather than just a fi-
nal product, provided a more effective
vehicle for authentic assessment of stu-
dent learning.  During the frequent
progress report meetings, the instructor
was able to better gauge students’ under-
standing of the key physics content that
was linked to topics within students’ pa-
pers.  By listening to the students discuss
the progress they were making the in-
structor could clearly see that students
were becoming more fluent in their un-
derstanding of key physics content.  In
addition, the instructor was able to ascer-
tain a deeper level of student understand-
ing than more traditional forms of assess-
ment would provide.  Thus, this assess-
ment strategy provided a richer and more
robust way for students to demonstrate
their understanding of physics.

The improvements made during Phase
II of the study served to provide more
structure and a greater level of profession-
alism to the activity.  Furthermore, as a
result of the additions and improvements
made during Phase II, students appeared
to take a deeper level of ownership in their
projects much earlier in the semester.

Feedback From
Students:  Phase II

The enhancements made to Phase II
of the study led to an even greater sense
of accomplishment for the students.
Many students have added their confer-
ence paper to their personal portfolios.
Others have used their papers when ap-
plying for internships and the like to dem-
onstrate their communication abilities to
prospective employers.  Many students in
Phase II of the study indicated that they
felt the entire paper preparation process
was very practical and worthwhile. The
following is an excerpt from a letter re-
ceived by the instructor which typifies the
sentiments expressed by many Phase II
students:

“I was pleased by how all of the
presentations went, it was a fun
day. This research paper, although
demanding, was a great experi-
ence.  It allowed me to learn how
to write a good looking profes-

sional paper, and, in turn, taught
me many interesting facts about
digital audio and CD players.
After completing 2 semesters of
physics, I can truly say that these
courses have changed the way I
look at life.  Although I am glad
to have this new outlook on life, it
drives my friends crazy when I dis-
prove their theories on why things
happen! Thanks for your genuine
teaching.”

Summary
and Conclusions

All aspects of The New Millennium
Conference, from submission of an ab-
stract to the formal submission of a cam-
era-ready copy for publication and pre-
sentation, allowed students the opportu-
nity to link the active process of writing
to sound, scientific content.  In addition,
these activities allowed students to dem-
onstrate a deeper understanding of a topic
or a set of topics using their individual
learning styles.  This activity also pro-
vided the instructor with an additional and
more authentic assessment tool, outside
the limits of traditional assessment mea-
sures.

Important to note is the fact that the
PNM course was designed with non-ma-
jors in mind.  However, the writing ac-
tivity outlined in this paper could easily
be applied to other courses in science and
engineering, both for majors as well as
non-majors.  The underlying premise is
that all students, no matter what their gen-
der, cultural, or demographic back-
grounds, can learn physics (and can even
like physics!).  In a recent report on its
review of undergraduate education the
Advisory Committee to the National Sci-
ence Foundation Directorate for Educa-
tion and Human Resources concluded that
“… while K – 12 programming can ex-
pand the pool of those interested in purs-
ing careers in SME&T [Science, Math-
ematics, Engineering, & Technology], it
is at the undergraduate level where attri-
tion and burnout can be most effectively
prevented.  What we in SME&T educa-
tion must do is to concern ourselves with
all students, not just those who histori-
cally have been represented in science,
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mathematics, engineering, and technol-
ogy.  Such a breadth of concern has im-
portant educational benefits as well, as it
will force us to think more about how in-
dividuals learn and recognize what re-
search has made clear: that there are dif-
ferences in learning style which pro-
foundly effect achievement.  And let us
not forget that increasing student achieve-
ment in SME&T education is exactly
what is needed” (Shaping the Future, p.
28).

Writing has proven to be an effective
way to assist students in articulating their
thoughts and their understandings about
a topic or set of topics.  The opportunity
to write about a topic of personal interest
gives students a chance to demonstrate
their understanding in a way that tradi-
tional assessment measures do not per-
mit.  Furthermore, the research involved
in a semester-long writing project, such
as that described within this paper, pro-
vides students an opportunity to probe
more deeply into the content being re-
searched.  This added depth may poten-
tially lead to greater student understand-
ing of important concepts and ideas.
Hence, the application of a writing com-
ponent into a course for non-majors (as
well as majors) has significant potential
within science and engineering commu-
nities.

References
Arons, A. B. (1990). A Guide to Intro-
ductory Physics Teaching. New York:
John Wiley & Sons.

Brooks, J. G. & Brooks, M. G. (1993).
In Search of Understanding: The Case for
Constructivist Classrooms.  Alexandria,
VA:  Association for Supervision and
Curriculum Development.

Brown, S. & Knight, P. (1994).  Assess-
ing Learners in Higher Education. Lon-
don: Kogan Page.

Chiapetta, E. L. (1997).  Inquiry-based
science. The Science Teacher, 64(7), 22
- 26.

Cobb, T. (1999).  Applying
constructivism: A test for the learner-as-
scientist. Educational Training and De-
velopment, 47(3), 15 - 31.

Connolly, P. & Vilardi, T. (1989). Writ-
ing to Learn in Mathematics and Science.
New York: Teachers College Press.

Countryman, J. (1992). Writing to Learn
Mathematics: Strategies That Work.
Portsmouth, NH: Heinemann Educational
Books, Inc.

Cross, K. P. (1988).  Feedback in the
Classroom: Making Assessment Matter.
Washington, DC: Assessment Forum,
American Association for Higher Educa-
tion.

Donnelly, D. (1997). CIP’s eighth annual
educational software contest: The win-
ners. Computers in Physics, 11(6), 579 –
587.

Edwards, C. H. (1997).  Promoting stu-
dent inquiry.  The Science Teacher, 64(7),
18 - 21.

Fortenberry, N. L. (2000).  An examina-
tion of NSF’s programs in undergraduate
education. Journal of SMET Education:
Innovations and Research, 1(1), 4 - 15.
Gastel, B. (1991). Teaching Science: A
Guide for College and Professional
School Instructors. Phoenix, AZ: Onyx
Press.

Halloun, I. A. & Hestenes, D. (1985). The
initial knowledge state of college stu-
dents. American Journal of Physics,
53(11), 1043 – 1055.
Harmelink, K. (1998).  Learning the write
way.  The Science Teacher, 65(1), 36 -
38.

Hein, T. L. (1995). Learning style analy-
sis in a calculus-based introductory phys-
ics course.  Annual conference of the
American Society for Engineering Edu-
cation (ASEE), Anaheim, CA (Session
1480).

Hein, T. L. (1998). Using student writing
as a research and learning tool. AAPT
Announcer, 27(4), 79.

Hein, T. L. (1999a). Using writing to con-
front student misconceptions in physics.
European Journal of Physics, 20, 137 –
141.

Hein, T. L. (1999b). Writing: An effec-
tive learning tool for non-science majors.
AAPT Announcer, 29(2), 114.

Hein, T. L. (2000).  Writing in physics: A
valuable tool for other disciplines. The
Teaching Professor, 14(10), 2 - 3.

Hein, T. L. & Budny, D. D. (1999). Teach-
ing with STYLE: Strategies that work.
Electronic proceedings of the annual con-
ference of the American Society for En-
gineering Education (ASEE), Charlotte,
NC (Session 3280).

Hein, T. L. & Budny, D. D. (1999). Re-
search on learning style: Applications in
science and engineering. Electronic pro-
ceedings of the International Conference
on Engineering and Computer Education
(ICECE), Rio de Janeiro, Brazil.

Hein, T. L. & Budny, D. D. (1999). Teach-
ing to students’ learning styles: Ap-
proaches that work. Electronic proceed-
ings of the Frontiers in Education (FIE)
Conference, San Juan, Puerto Rico.  IEEE
Catalog number 99CH37011. ISBN 0-
7803-5643-8.

Hein, T. L. & Joyner, P. K. (2001).  Link-
ing physics with college writing. AAPT
Announcer, 30(4), 128.

Hein, T. L. & Zollman, D. A. (2000).
Digital video, learning styles, and student
understanding of kinematics graphs. Jour-
nal of SMET Education: Innovations and
Research, 1(2), 17 - 29.

Jones, T. H. & Paolucci, R. (1998). The
learning effectiveness of educational tech-

Acknowledgments
Partial support for this work was provided by the National Science

Foundation’s Division of Undergraduate Education through grant #DUE
9850570 and through a Senate Research Award provided by American Uni-
versity.  The opinions expressed herein are those of the author and not neces-
sarily those of the funding sources.



2/1&2  January - August 2001 35

nology: A call for further research. Educa-
tional Technology Review, (9), 10 – 14.

Kirkland, W. L. (1997). Teaching biology
through creative writing. Journal of Col-
lege Science Teaching, 26(4), 277 – 279.

Koballa, T., Kemp, A., & Evans, R. (1997).
The spectrum of scientific literacy.  The
Science Teacher , 64(7), 27 - 31.

Kutz, E., Groden, S. Q., & Zamel, V.
(1993). The Discovery of Competence.
Portsmouth, NH:  Boynton/Cook
Heineman.

Laws, P. W. (1991).  Workshop physics:
Learning introductory physics by doing
it. Change

McCloskey, M., Caramazza, A., & Green,
B. (1980). Curvilinear motion in the ab-
sence of external forces: Naïve beliefs
about the motion of objects. Science, 210,
1139 – 1141.

McDermott, L. C. (1984). Research on
conceptual understanding in mechanics.
Physics Today, 37, 24 – 32.

McDermott, L. C. (1991). A view from
physics. In M. Gardner, J. Greeno, F. Reif,
A. H. Schoenfeld, A. diSessa, and E.
Stage (Eds.), Toward a Scientific Prac-
tice of Science Education (pp. 3 – 30).
Hillsdale, NJ: Lawrence Erlbaum Asso-
ciates.

McDermott, L. C. (2001).  Oersted Medal
Lecture: Research — The key to under-
standing.  Winter meeting of the Ameri-
can Association of Physics Teachers, San
Diego, CA. AAPTAnnouncer, 30(4), 88.

Mullin, W. J. (1989). Writing in physics.
The Physics Teacher, 27(5), 342 – 347.
National Research Council (1996). Na-
tional Science Education Standards.
Washington, DC: National Academy
Press.

National Science Foundation. (1996).
Shaping the Future: New Expectations for
Undergraduate Education in Science,
Mathematics, Engineering, and Technol-
ogy. (No. NSF 96-139).

National Science Foundation. (1998).
Shaping the Future Volume II: Perspec-

tives on Undergraduate Education in Sci-
ence Mathematics, Engineering, and
Technology. (No. NSF 98-128).

Rebello, S. N., Cumaranatunge, C.,
Escalada, L., & Zollman, D. A. (1998).
Simulating the spectra of light sources.
Computers in Physics, 12(1), 28 – 33.
Rice, R. E. (1998). ‘Scientific writing’ –
A course to improve the writing of sci-
ence students. Journal of College Science
Teaching, 27(4), 267 – 272.

Sharp, J. E., Olds, B. M., Miller, R. L., &
Dyrud, M. (1999). Four effective writing
strategies for engineering classes. Journal
of Engineering Education, 88(1), 53 – 57.

Tobias, S. (1989). In Paul Connolly and
Teresa Vilardi (Eds.), Writing to Learn
Mathematics and Science. New York:
Teachers College Press.

Tobias, S. (1990). They’re Not Dumb,
They’re Different: Stalking the Second
Tier. Tucson, AZ: Research Corporation.

Towns, M. H., Marden, K., Sauder, D.,
Stout, S., Long, G., Waxman, M.,
Kahlow, M., & Zielinski, T. (2000/2001).
Interinstitutional peer review on the

internet. Journal of College Science
Teaching, 30(4), 256 - 260.

Trautman, N. M., Carlsen, W. S., Krasney,
M. E., & Cunningham, C. M. (2000).
Integrated inquiry.  The Science Teacher,
67(6), 52 - 55.

Walker, K. (2000).  Integrating writing
instruction into engineering courses: A
writing center model. Journal of Engi-
neering Education, 89(3), 369 - 374.

Wiggins, G. (1997).  Feedback: How
learning occurs. AAHE Bulletin, 50(3),
7 - 8.

Woolf, L. D. (2000).  Seeing the Light:
The Physics and Materials Science of the
Incandescent Bulb.  San Diego, CA: GA
Sciences Education Foundation.

Wyckoff, S. (2001).  Changing the cul-
ture of undergraduate science teaching.
Journal of College Science Teaching,
30(5), 306 - 312.

Yager, R. E. (2000).  The constructivist
learning model. The Science Teacher,
67(1), 44 - 45.

Teresa Larkin-Hein is an As-
sistant Professor of Physics Education

at American
University.  Dr.
Larkin-Hein
received her
B.S. and M.S.
degrees in En-
g i n e e r i n g
Physics from
South Dakota
State Univer-

sity in Brookings, SD in 1982 and
1985, respectively.  She received her
Ph.D. in Curriculum and Instruction
with special emphasis in Physics and
Science Education from Kansas State
University in Manhattan, KS in 1997.
Dr. Larkin-Hein’s research interests
primarily involve the assessment of
student learning in introductory phys-
ics courses.  She makes use of writing
as a learning and as an assessment
tool, particularly for understanding

how non-majors learn physics.  Dr.
Larkin-Hein’s research includes a
learning style components.  Her re-
search further involves studying the
role of technology as an assessment
and learning tool.  Dr. Larkin-Hein has
been an active member of ASEE for
many years.  In 1998 she received the
Distinguished Educator and Service
Award from the Physics and Engineer-
ing Physics Division.  Dr. Larkin-Hein
served on the Board of Directors for
ASEE from 1997 - 1999 as Chair of
Professional Interest Council III (PIC
III) and as Vice President of Profes-
sional Interest Councils.  In April 2000
Dr. Larkin-Hein was awarded the
Outstanding Teaching in the General
Education Award from American Uni-
versity.  Dr. Larkin-Hein can be
reached at:  American University,
Department of Physics, 4400 Massa-
chusetts Ave. NW, Washington, DC
20016-8058. [thein@american.edu]


