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Abstract—This paper provides an overview of the evolution
of an introductory physics course for non-majors entitled
Physics for a New Millennium (PNM) at American Univer-
sity. Following a brief summary of the research and peda-
gogical framework for the course design, a summary of the
course curriculum will be presented. A significant portion of
the course curriculum provides students with an opportu-
nity to experience all aspects of preparing, writing, and
presenting a professional research paper in a conference
setting. Following a description of the course curriculum,
the specific structure for the conference paper activity will
be outlined and highlights of student work will be shared
with a focus on the spring 2012 class. The conference paper
activity is assessed using authentic, formative strategies and
will serve as one focus of this paper. To address the authen-
tic assessment piece, a collection of strategies and methods
will be shared that have been designed to key in on what
and how students are learning throughout all phases of the
paper writing process. These methods can be used as an
alternative, or as a supplement to more traditional pencil
and paper examinations, quizzes, and homework assign-
ments. The thrust of the authentic assessment is to address
any deficiencies in student learning while the learning is
taking place. Exams and quizzes end up being “too little, too
late” in terms of helping students correct any flaws in their
understanding. Feedback from students relating to the
paper writing experience will also be shared.

Index Terms—authentic assessment, formative assessment,
innovations in physics learning, student writing.

I. INTRODUCTION AND RESEARCH FRAMEWORK

Studies on teaching methodologies have clearly demon-
strated that traditional techniques often put students in a
role of passive rather than active learning [1 — 5]. Tradi-
tional instructional methods have also been shown to be
very inadequate in terms of promoting deep learning and
long-term retention of important concepts [6 — 9]. Stu-
dents in traditional classrooms acquire most of their
knowledge through passive classroom lectures, textbook
reading, and the internet. Passive learning often results in
students merely trying to learn and regurgitate what they
believe the teacher and textbook are telling them. A
troubling fact is, after instruction, students often emerge
from our classes with serious misconceptions [10 — 16].
Writing can be used to effectively help students confront
their misconceptions. In addition, formal writing strategies
can be used as an alternative method to help uncover what
students are actually learning in “real time.”

Using a writing approach to assist students in the learn-
ing process can provide a wealth of information while the
actual learning is taking place. Traditional examinations
and quizzes merely provide an assessment marker after a

segment of material has been covered in class. While
important as a marker for charting progress, these forms
of assessment do little to uncover what is actually taking
place in the mind of the learner. Astin [17] argues that as
professors, we may think that we’ve given a very stimulat-
ing and thought-provoking lecture, without ever really
knowing how much of it was actually understood by the
students, how much was retained, or whatever other kinds
of effects it may have had on the students. While tradi-
tional examinations and quizzes may provide faculty
members with some information about what students are
learning, this more summative type of feedback really
comes too late for in terms of allowing students time to
make any adjustments to their understanding. A carefully
crafted writing activity or set of activities can provide a
more formative and authentic assessment of student
learning; and, give students and professors time to correct
any misconceptions or flaws in reasoning as the learning
is ongoing. A writing-based curriculum also serves as a
more authentic roadmap to help chart how and what
students are learning while the learning is taking place.
This is in sharp contrast to other “postmortem” summative
assessment measures.

In this paper, a summary of the curriculum devised for
the course and the conference paper activity will be
highlighted. A brief overview of the activity-based cur-
riculum and the framework for the conference paper
activity will be shared. Once the framework for the
conference paper activity has been outlined, the strategies
used to assess learning based on student writing activities
will be presented. It is one thing to have students write a
research paper in a class; and, it is quite another to assess
student learning throughout the entire writing experience.
Within the PNM course, assessment is done throughout all
aspects of the writing process and is not based solely on
the completed research paper. It is this critical assessment
piece that this paper will address in some detail.

The particular writing-based curricular activity to be
showcased in this paper involves a second-level physics
course for non-majors. Before discussing the writing
activity, some details about the course setting and student
clientele will be presented.

Il. THE COURSE SETTING

This section will begin with a brief summary of the role
that research in Physics Education has played in terms of
the design of the PNM course. In addition, a brief descrip-
tion of the student clientele will be presented.

A. Physics Education Research Informs Course Design

Rebello [18] suggests that the essential goal of educa-
tion is the transfer of learning. Research in the field of
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Physics Education continues to provide educators with a
window through which an understanding of how students
learn physics can be developed. Beichner [19] suggests
that Physics Education Research (PER) is “... focused
inquiry into what happens as students struggle to grasp
and use the concepts of physics.” Focused inquiry in-
volves the use of a number of strategies — both qualitative
and quantitative — that help bring to bear students’ under-
standing about a select topic, or a set of topics within
physics.

Redish [20] has provided a thoughtful collection of
PER-based resources and tools which exemplify how
focused inquiry has informed the physics education
community. Knight [21] has also developed a set of
classroom tools and techniques that are centered within an
active-learning classroom environment. Mazur’s Peer
Instruction approach to physics learning offers a number
of innovative ideas for physics instruction [22]. Resources
such as these, as well as others to be described, serve to
inform the pedagogical framework for the PNM course.

B. Additional Motivation for Course Design: Individual
Styles of Learning

Hewson [23] suggests that when learning things they
don’t know, students try to make connections to what they
already know. Studies on learning and cognition have
shown that it’s difficult for any learner to really learn
something if they can’t connect it to something they
almost already know. A problem arises when students’
present world views are not consistent with what they are
attempting to learn. Redish [24] describes a cognitive
model of student learning and provides teachers with a
number of cognitive principles and guidelines for physics
instruction. The five general principles he outlines are:

1. The constructivisim principle

2. The context principle

3. The change principle

4. The individuality principle

5. The social learning principle (p. 30)

In addition to these guiding principles, Redish also pro-
vides a number of associated corollaries. It is the indi-
viduality principle that provides additional motivation
for the PNM course design. In describing the individuality
principle Redish says “Let’s figure out what the students
know and provide them with a learning environment —
lectures, demonstrations, labs, and problems — that takes
them from where they are to where we want them to be.
Since we all know that a few students get there from here
using our current procedures, why can’t we make it work
for all of them?” (pp. 36 — 37). Redish further argues that
the individuality principle is a word of warning that tells
us we should not be looking for a “magic bullet” (p. 37).
Redish’s individuality principle states “Since each indi-
vidual constructs his or her own mental structures, differ-
ent students have different mental responses and different
approaches to learning. Any population of students will
show a significant variation in a large number of cognitive
variables” (p. 37). He also suggests that the large standard
deviation obtained in so many educational experiments is
not experimental error; rather, it is a part of the result.

Because of their lives’ experiences, each student has
constructed her/his own mental model of how the world
works, i.e. their own individual world view. What is clear
is students attempt to make linkages to what they already
know. Redish suggests that students draw different con-
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clusions based on their individual experiences and as a
result, will have varied methods of approach. Redish
summarizes this fact in Corollary 4.1 which states “People
have different styles of learning” (p. 37). Certainly a given
physics activity cannot be expected to cater to every
student’s unique style of learning. That is clearly not the
goal of research on individual learning styles. Alterna-
tively, individual styles of learning are possible to meas-
ure and can provide both the student and the teacher with
powerful information about their impact on student
learning. A great deal of the format for the physics course
and the associated formative assessment techniques were
created with the individual styles of learning of the student
clientele in mind.

C. Brief Overview of Course Design and Student
Clientele

The course to be described is a second-level physics
course for non-majors entitled Physics for a New Millen-
nium (PNM) at American University (AU). PNM was
developed by the author in 1998 and its foundation has
evolved through continuous adaptation of existing results
from studies in the field of Physics Education Research
(PER). In addition to the resources noted earlier, research
involving workshop and studio-based courses including
the Workshop Physics course developed by Priscilla Laws
(Dickinson College) [25] and the Student-Centered
Activities for Large Enrollment University Physics
(SCALE-UP) project pioneered by Bob Beichner, et al.
(North Carolina State University) [26] have served to help
frame the course design. A significant outcome of these
and other PER studies is; in comparison to more tradi-
tional instructional strategies, student conceptual under-
standing and problem-solving ability is enhanced within
an activity-based learning environment [27 — 31].

PNM is a course that many students take to satisfy the
University’s General Education requirements towards
graduation. All students at AU must take two introductory
science courses, one of which must have a laboratory
component. Students who enroll in PNM have all typically
taken a first-level physics course that included a labora-
tory experience. A unique element of the PNM course is
its active learning format along with its focus on student
writing as an alternative method of assessment. This form
of assessment is in contrast to more conventional class-
room measures and to numerous research-based normal-
ized tests and surveys such as the Force Concept Inven-
tory (FCI), the Force-Motion Concept Evaluation (FMCE)
the Mechanics Baseline Test (MBT), and others [32 — 37].

In the following section, an overview of the curriculum
covered in the PNM course is outlined. In addition, a
description of the course format and a sampling of the
kinds of interactive engagement activities that students
perform are discussed.

I1l. CURRICULUM OVERVIEW

The curriculum for the second-level PNM course in-
cludes the following topic areas which are quite typical in
a second-level course:

sound and waves,

electricity and magnetism (E & M),
light and color,

optics, and (time permitting)
introductory modern physics.
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PNM is taught in an integrated lab-lecture format where
the topics are presented in such a way so as to allow
students maximum opportunity to engage with the mate-
rial. The course consists of one 75-minute period each
week where course content is delivered in an interactive
lecture format. The second weekly period is a double-
block period and hence is 150 minutes in length. The
double-block period is designed to give students a good
deal of time to perform hands-on activities and experi-
ments within a team-based environment. Because of the
unique nature of the course, the class is limited to 16
students. The spring 2012 class enrollment was actually
17 students. Many of the students who enroll in PNM
intend to pursue a minor in Applied Physics. The spring
2012 enrollment was increased to accommodate the
scheduling needs of one of the Applied Physics minors.

Throughout a given semester, students have an oppor-
tunity to perform numerous hands-on activities designed
to give them multiple opportunities to interactively engage
with the course content. Some interactive projects are
structured in a more traditional lab-type format. Many
other activities are structured in such away so as to pro-
vide students with an opportunity to pursue inquiry and
investigation using a variety of techniques. During most
double-block class sessions the students work together as
a team to probe new concepts and take on new challenges.
Figure 1 shows students working and brainstorming
during a typical class session.

One of the first topics to be studied is sound and waves.
Figure 2 shows students investigating sound properties
using a vacuum pump and bell jar. By pulling a vacuum
on the bell jar, students quickly learn that sound needs a
medium for propagation.

Additional activities involving sound and waves include
the determination of the speed of sound in air using
multiple venues and an investigation of standing waves on
a string. After multiple investigations of sound and waves,
the next set of activities in the PNM course involves
electricity and magnetism.

Within the electricity and magnetism course module
students perform a number of hands-on investigations
which include:

electrostatics,

electric circuits,

incandescent light bulb and 3-way bulb dissection,
electric motor-building, and

superconductors.

Both the electrostatics and the electric circuits activities
are performed using a team approach. Figure 3 illustrates
how the various teams of students work together on some
of the electrostatics activities.

Each time a new set of activities is performed, new teams
are created. By the end of the semester, each student has
worked with every other student in the class several times.
The investigations involving incandescent light bulbs are
done in an integrated team and whole-class approach. Part
of the time the students work with their partners to take
the necessary measurements. At other times, the teams are
brought together to discuss their measurements as a class
and to make conclusions based on those measurements.

The motor-building activity is done individually. Each
student is given a motor kit and works individually to
build a working motor. In Figure 4 (next page), students

Students use the team approach to tackle new concepts and
work through projects and activities.

Figure 1.

Figure 2. Students investigate the properties of sound.

Figure 3.

Teams of students performing electrostatics activities.

are working independently to build their motors. At the
end of the activity the students are allowed to keep the
motors they have constructed. The first person to get their
motor to function properly often “wins” a small physics
prize. While this activity is done individually, there is
typically a significant amount of group interaction as
students have learned the importance of teamwork by this
point in the semester!

Once students have a firm foundation in the broad top-
ics within the content areas of E & M, they move on to
investigate the topics of light, color, and optics. Using
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their knowledge of E & M as a springboard, students work
to understand the nature of light and color. For example,
students spend time understanding the difference between
mixing colored lights and mixing colored pigments. As
Figure 5 illustrates, students also perform activities that
allow them to understand the colored display on a com-
puter monitor.

One of the students’ most memorable activities in-
volves a demonstration of a superconducting material.
This activity involves the use of liquid nitrogen to cool the
small superconducting wafer along with a very strong
magnet.

The above examples are but a few illustrations of the
wide range of hands-on activities the students taking the
PNM course have an opportunity to work with. One of the
outcomes of these types of interactive engagement activi-
ties is the opportunity to learn about relevant topics in
physics using a “non-cookbook” format. In addition,
students have numerous opportunities to work in a team
environment; and, as a result, quickly learn the benefits of
cooperative learning.

Regardless of the activity, the class as a whole func-
tions as a team. The team does not move on to a new
activity until all class members have completed the
current activity. The end result is, as students finish a
particular activity, they move into the role of teaching
assistant, and work to ensure that all of their classmates
have fully completed a task or set of tasks. In this way,
everyone’s class time is utilized to the fullest extent
possible. As Figure 6 helps to reveal, moving into the role
of teaching assistant really aids students in solidifying
their own conceptions of what is taking place within a
given activity or set of activities. Instructor observation of
the students at work in this type of team environment
provides multiple data points for more authentic and
holistic views of what the students are actually learning.

In addition to the many opportunities to interactively
engage with the course content through hands-on activi-
ties, the students also have an additional and perhaps more
unique opportunity to interact with the material. This
opportunity comes in the form of preparing and presenting
of a formal scientific research paper presented at a confer-
ence held on the last day of class. In the following section,
an overview of the conference paper activity is outlined.
In addition, details about the structure of the activity along
with project milestones and relevant examples will be
provided.

IV. THE CONFERENCE PAPER

The laboratory component of the first-level course re-
quires students to prepare a formal written laboratory
report each week. Rather than repeat the written labora-
tory report experience that students had in the first-level
course, PNM provides students an alternative, and perhaps
more authentic means for demonstrating their understand-
ing of the physics content being studied. This alternative
learning experience comes in the form of a written scien-
tific research paper. Before the conference paper activity
is formally described, perhaps we should ask the question

A.  Why Have Students Write in a Physics Class in the
First Place?

In recent years, a number of writing techniques have
evolved that make use of various writing-to-learn strate-
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Figure 6.  Team members work as TAs to assist other class members.

gies within the domains of STEM education [38 - 50]. The
use of writing in introductory classes for non-majors
(andmajors) may be an effective vehicle for allowing
students to enhance their critical thinking and problem-
solving skills. Writing can also assist students with the
identification and confrontation of personal misconcep-
tions [51]. For the instructor, errors made within these
writing activities can be more revealing in terms of what
students are really thinking, and provide additional infor-
mation on their conceptual model-building more so than
can errors made on typical multiple choice or other tests.

Science classes are oftentimes seen by many students to
be threatening and intimidating places to be. Tobias [52]
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has been critical of introductory college science courses
and has argued that typical classrooms are “... competi-
tive, selective, intimidating, and designed to winnow out
all but the “top tier’ ... there is little attempt to create a
sense of ‘community’ among average students of science”
(p. 9). Hence, a traditional science classroom may present
potential barriers that could inhibit learning for some
students. The active process of writing may provide one
mechanism through which these barriers to learning could
be reduced and possibly even removed. Tobias [53] also
indicates that writing can serve as a means to help students
relieve their anxiety and help them unlearn models and
techniques that have been shown to be scientifically
unsound.

The strategy to be highlighted here involves a writing
technique developed to bring science and engineering
topics to the forefront as students are learning about key
physics topics in a second-level course. One goal of the
conference paper project is to help make physics seem less
intimidating to students — particularly those in the ‘second
tier’ — while simultaneously increasing the rigor of the
course. The technique employed in the PNM course
requires students to write and present a scientific paper to
an audience of their peers. Over the course of a given
semester, students are exposed to all aspects of preparing a
professional paper for publication. The process includes:

e the submission of an abstract,

¢ the preparation of a first draft for instructor review,

o the preparation of a second draft for formal peer re-
view, and

o the preparation of a revised, camera-ready copy for
publication in the conference proceedings.

The conference paper activity begins with a formal is-
sue of a Call for Papers.

B. The Call for Papers

At the very beginning of the semester, students are in-
formed that they will have an opportunity to write a
formal scientific research paper for publication in a class
conference proceeding, and for presentation in a class
conference to be held at the end of the semester. Specific
details about the conference paper activity are provided to
the students on the first day of class. Students are told that
by the end of the term they will have produced a scientific
paper of publishable quality. Students in the PNM class
are made aware of the importance of strengthening their
written and oral communication skills by focusing on a
discussion of the expectations that employers and graduate
schools have in terms of students’ overall ability to
communicate. Students are told that employers will often
ask for a writing sample during a job interview. They are
brought to understand the value of producing an end
product that will have potential future importance for
them. From the very beginning of the paper writing
process the students tend to embrace the activity with
energy and passion. Moreover, the students understand
that this activity is much more than the instructor assign-
ing homework so that they have something to attach a
grade to.

As was outlined in the previous section, students are
allowed to choose a topic for their presentation that will
permit them to demonstrate their understanding of a key
topic area, or set of topic areas, that will be discussed in
class. Students are encouraged to choose a topic that
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Figure 7. The conference call for papers.
might overlap with their major area of study, or something
they are personally interested in and would like to know
more about. The conference paper activity begins with a
formal call for papers as illustrated in Figure 7.

The students have approximately two weeks to select
their topic and get instructor approval for it. In some
cases, the instructor works with the students to help them
narrow down and refine their topic choice. Once their
topic has been approved, the students respond to the call
for papers by submitting an abstract to the conference web
site. From this point on, all aspects of the conference
paper activity mirror those of an actual professional
conference. The only difference is that no student papers
are rejected at the abstract phase.

Approximately one week after the submission of ab-
stracts, students are notified that their abstracts have been
“accepted.” Students are then “invited” to submit a first
draft of their paper by a date set towards the midpoint of
the semester.

C. Preparation and Submission of First Draft for
Instructor Review

One requirement during this phase of the process is that
students meet with the instructor individually to talk about
the focus of their papers. Quite often students tend to try
and cover too much material when they begin their re-
search. The instructor works with them to help them
narrow and focus their research into a manageable
amount. During this discussion, considerable attention is
given to the type and nature of the resource material that
the students have gathered. One requirement of all stu-
dents it that they must make use of the physics textbook
used in the course as a solid reference in their papers. Paul
Hewitt’s Conceptual Physics is the textbook of choice for
the course [54].
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Once the abstract submission and acceptance phase is
completed, students spend approximately 6 — 7 weeks
preparing the first draft of their full papers. Students must
follow a formal set of guidelines as they prepare their first
drafts, similar in nature to those used for the IGIP confer-
ence. Figure 8 shows the first page of the formatting
guidelines that are distributed to the students as they begin
working on the first drafts of their research papers.

The length requirement for the research papers is six
formatted pages. This requirement is comparable to a
standard 15 — 20 page, 12 pt font, and double-spaced
research paper. For the first draft, students are required to
submit five fully-formatted pages.

Students submit the first drafts of their papers at the
midpoint of the semester, which coincides with AU’s
spring break. The first drafts of the papers are reviewed by
the instructor. The instructor provides each student with
individual reviews of their paper and does so in a profes-
sional format. At this stage of the conference paper
activity, the instructor’s goal is two-fold:

1. to provide students with concrete feedback so that
they might revise their papers and prepare a 2™ draft;
and

2. to serve as a model that students can refer to when
they conduct their peer reviews.

Once students receive their instructor feedback, they
receive a formal email from the instructor and are invited
to submit their full papers for peer review.

D. Preparation and Submission of Second Draft for
Peer Review

The next phase of the conference paper activity in-
volves the preparation of a second paper draft that is
submitted for peer review. Except for the fact that the
papers are not blind-reviewed, this phase of the activity
mimics that of a professional peer review process. Stu-
dents are given a set of guidelines for the peer review and
are instructed to provide detailed comments on the paper
that they’ve been assigned. Students spend approximately
three weeks working on the second draft of their papers
and are given one week to complete the peer review. Each
student is assigned one paper for peer review.

In terms of assessment, the peer review activity is
graded independently and is worth approximately 5% of
their overall course grade. Once the peer review process

has been completed students have about three weeks to
complete and submit their final “camera-ready” copy.

E. Preparation of Final ““Camera Ready” Copy

Camera-ready copies of students’ final papers are or-
ganized by session topic and “published” in the proceed-
ings for the class conference. Each student is given a copy
of the proceedings for inclusion in their personal dossiers.
Students are encouraged to list the class conference paper
experience on their resumes.

The students submit their camera-ready copies ap-
proximately one week before the class conference. The
2012 New Millennium Conference was organized into
five sessions as illustrated in Table I. The students’
individual paper titles within each session are also dis-
played.
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TABLE I.
THE 2012 CONFERENCE PROGRAM

Session I: Conference Welcome

Session |I: The Physics of Sound |

Restoring the Sense of Hearing: The Physics of the Co-
chlear Implant and its Effect on The Deaf Community

e Check One, Two: The Physics of the Microphone

Project Studio: Sound Absorption, Isolation, and Noise Re-

duction

The Sound of Grandeur: Spanish Colonial Architecture

e The Whispering Gallery: Statuary Hall Unveiled

Session I11: A Potpourri of Physics

e Combustible Physics

The Physics of Photographs: An Analysis of Light and

Color in Print Photography

The Benefits of Using Lasers in Medical Procedures

Powering the Future: A Look at Two Key Renewable En-
ergy Resources Using Electromagnetic Induction

Session IV: The Physics of Sound Il

e The Radio Movement

Good Vibrations: Physics & The Theremin

e Unplugged: The Physics of an Acoustic Guitar

e The Physics of the Violin

Sess

ion V: From Energy to Electrodynamics

Development in the Homebuilding Industry

Random Walk Theory: From Financial Markets to Electro-

dynamics

e Ocean Powerhouse

Potential Dangers of Taser Gun Physics
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Additional details regarding the class conference are
provided in the following section. Specific details regard-
ing the student presentations are also shared.

V. THE 12™ ANNUAL NEW MILLENNIUM CONFERENCE

The 12™ Annual New Millennium Conference was held
on Friday, April 27, 2012 which was the last day of the
PNM class for the spring term. The conference ran from
approximately 1 — 6 pm. Students were informed on the
first day of class that the conference activity would take
longer than a typical 150-minute Friday class period.
Earlier in the term students were given one class period
off to make up for the longer class on the day of the
conference. Students that had other classes to attend
during the conference time period were allowed to do so.
Once their class was over, they returned to the conference
activity.

The instructor served as the moderator for the confer-
ence. Each student was given 10 minutes to present their
papers with two additional minutes reserved for questions.
Two days prior to the conference, the instructor set aside a
full day to listen to and provide feedback on each of the
student’s PowerPoint presentations. One of the benefits of
doing these “practice runs” was to help to ensure that the
students’ presentations adhered to the ten minute time
limit and to ensure that the presentations were done in
professional manner. In addition, the students quickly
learned the importance of focusing their presentations on
the key items covered in their papers.

After spending a full semester working on their papers,
the students’ passion towards the project tends to increase
exponentially. As a result, the students want to include
absolutely everything in their presentations. When they
come for their practice sessions, many students often have
a 20 — 30 minute presentation that they have prepared!
Given the fact that they will only have 10 minutes to give
their presentations, they quickly learn the value of practic-
ing ahead of time! The end result was a class conference
that, in all respects, was very professional executed.
Figure 9 is a snapshot of one of the students presenting her
paper at the conference.

In addition to the members of the class, attendees at the
conference included friends and family members of the
student participants, physics faculty and students, and staff
members from the AU community. Approximately half
way through the conference a reception was held and
refreshments were provided. This conference event has
grown in magnitude and has become a showcase event for
the Department of Physics.

One of the objectives of the conference paper activity is
to provide students with a meaningful real-world experi-
ence. A second objective is to provide the instructor with a
more authentic assessment measure that could be used in
tandem with more traditional measures like exams and
quizzes.

VI. ASSESSMENT OF CONFERENCE PAPER

Authentic assessment involves the use of activities and
tasks that involve replicas of those which are faced by
adults in the professional world [55]. Furthermore, authen-
tic assessment involves providing activities, problems, or
questions of importance that require students to use their
knowledge to fashion performances both effectively, and
creatively. Creation and use of a rubric to evaluate student

performance is common within the domain of authentic
assessment.

Each phase of the paper writing process was assessed.
Students were earning points towards their overall confer-
ence paper grade at each milestone of the activity. A
rubric was created that provided the details for the distri-
bution of points throughout the activity. The assessment
rubric for the conference paper is shown in Figure 10.
Overall, the conference paper activity constituted ap-
proximately 30% of the students’ course grade.

At the beginning of the term, students are informed that
throughout each phase of the project they will be “bank-
ing” points towards their overall conference paper grade.
Armed with this information, students are empowered as
they complete each phase of the activity. Each phase of
the activity also provides the instructor with a way to more
clearly chart each student’s overall learning in a deeper
and more robust way. For example, during the peer review
process, the instructor gains valuable information about
student understanding based on the nature of the com-

Figure 9. A student presentation at the 12" Annual New Millennium
Conference.
CONFERENCE PAPER
SprING 2012
EVALUATION FORM FoR:
POINTS
EARNED
I. Mecting to discuss abstract/paper topics week of 1/23712. (10 points)
2. Abstract submitted on time (1/31/12). (10 points)

3. Mecting to discuss abstracts & first drafi of paper weck of 2220012, (5 poinis)

4, First drafl of paper submitted on time (302/12). (10 points)
5. First draft reflects a draft of FULL paper (5 poinie/page; maximum 25 points) .
6. Second draft submitted on time for peer review (327/12). (10 points)

=1

. Final {final) version submitied on time (4/17/12). (10 poinis)

=

. Final version of conference paper

a) Final paper substantially revised from 1% and 2™ submissions. (17 points) I
by Abstract revised to reflect final content of paper, (10 points)
¢) Final paper & formatted pages in length. (7 poimts each page; maxinum 42 points)
d) Final paper formatted following conference guidelines. (16 points)
¢} Final paper made use of appropriate references.* (10 points)

*(No more than half of the references should be from web-based sources, Hewitt
must be referenced. )

ToraL Points PossisLe: 175 Torar Points EArNED:

Figure 10. Assessment rubric for conference paper activity.
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ments and feedback the students provide to their class-
mates. Traditional pencil and paper exams often do not
provide as complete a picture of the true level and depth
of a students’ understanding about a topic or set of topics.

From both the instructor and student perspective the
conference paper activity is a “win-win.” The instructor
gets a chance to add an alternative and more authentic
assessment tool to the course design; and, the students
have a chance to produce a scientific research paper that
has the potential to do much more than simply help them
learn physics. Feedback received from the students epito-
mizes the value they place on the conference paper pro-
ject.

VII. STUDENT FEEDBACK

Feedback from the students was overwhelmingly posi-
tive. Students appreciated the fact that they were able to
connect the physics they were learning with their majors
or with other areas and topics that they were interested in
studying. For example, Student A, a Sociology major with
an Applied Physics minor wrote a paper entitled “Restor-
ing the Sense of Hearing: The Cochlear Implant and its
Effect on the Deaf Community.” Within this paper, the
student researched cochlear implants, which are electronic
devices designed to restore hearing for deaf individuals.
She was able to couple her research to include a focus on
the controversies they have caused among deaf individu-
als. Regarding the paper-writing activity, Student A
indicated that “The paper assignment for PNM presented
many challenges that all contributed to my general learn-
ing. To write a paper on the physic terms | was learning
within such specific guidelines required mastering the key
physic concepts. The experience taught me to write in a
way that would be educational to the reader. Proofing a
classmates' paper helped me critically look at a paper and
by finding errors in their paper | was able to find more
items to correct in my own paper [personal communica-
tion, August 26, 2012.”

Student B was able to apply his research on Spanish
colonial architecture to his major. As an International
Relations major and Spanish minor he was able to conduct
research that allowed him to look at how the physical
design of a structure can influence the activities conducted
inside that building. He was also able to explore ways that
the architecture has changed over time; and, make a
connection to broader societal changes.

As a Business Administration major with a minor in
Applied Physics, Student C investigated the physics of
light and color with an emphasis on color photography. In
terms of the overall paper process, she noted “At first |
was a bit skeptical about the process. It sounded like a
very difficult task to accomplish and | was nervous about
getting it done. | was very unfamiliar with my topic before
| began the paper, which was the physics of light and
color. But by spending time learning about the history of
how scientists developed theories around the physics of
color and of light, the task of writing a paper did not seem
as difficult. Writing the paper took a while, but | also
enjoyed our peer reviews. Having someone else read my
paper helped give me new ideas on where to go.”

In terms of the research component of the activity, Stu-
dent C further suggested, “Writing this research paper was
a very rewarding process that helped me grasp key physics
concepts that | had previously known nothing about. | was
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able to learn key physics concepts not only by doing
experiments, but by studying the history of where they
came from. By learning about the history behind the
source of key physics concepts like Maxwell's equations, |
was better able to understand these concepts in the class-
room. | feel that by writing this paper, it was easier to
learn key concepts. Having to write down what | was
learning forced me to make connections between all this
new material 1 was learning, and what | had previously
known. By writing this paper, it was easier for me to
connect all this new knowledge | was learning to the basic
principles | had known. “As for the overall experience of
writing the physics research paper and presenting it at the
class conference, Student C said | very much enjoyed
writing this paper. Research is a tough, yet rewarding
process. | feel like | was able to become very well versed
in the physics behind light and color. After writing the
paper, | felt more comfortable discussing this topic in
class and with my peers [personal communication, August
21, 2012]).”

Other students, like Student D, used the conference as
an opportunity to research something completely different
from their area study. With a major in Music, Student D
researched the physics of the internal combustion engine.
In his research he was able to compare the internal com-
bustion engine used in a vast majority of automobiles to
those used in electric-powered cars. In an interview for an
article written to highlight the PNM conference experi-
ence which was showcased on the College of Arts and
Sciences website, Student D noted that “Compared to
electrical engines, internal combustion engines are in-
credibly inefficient Only ten percent of the gasoline you
put in your car is actually used for moving the car forward
[56].”

One of the author’s goals in having students prepare
a formal research paper was to give them an opportunity
to conduct research that would be interesting. In addition,
the experience simultaneously allowed students to un-
cover, on their own, links between physics and their major
or other interest area. Sometimes, when students take a
physics course they have difficulty relating the topics
studied to real-world situations and applications. The
research paper helped give a more authentic voice to the
physics the students were learning about in the classroom.

VIIl.SUMMARY

As students move towards graduation and begin the
process of applying to graduate schools and/or start to
look for employment, they repeatedly find enormous
value in the conference paper activity. Students quickly
realize the importance of sharpening their written and oral
communication skills. Having an opportunity to write and
present a scientific research paper also serves to give the
instructor material to use when writing letters of recom-
mendation for the students.

A significant goal of the activity was to provide stu-
dents with an authentic experience in which they could
demonstrate to the instructor that they had a solid under-
standing of the physics content covered during the term.
The conference paper activity clearly provided the instruc-
tor with more meaningful and robust information about
student learning. Because each milestone of the activity
had an assessment component, the instructor was often
able to help students to correct a flaw in their thinking
while the learning was actually taking place. More tradi-
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Figure 11. The 2012 PNM class.

tional assessment measures like exams and quizzes are
typically given “post mortem” and therefore do not have a
built-in mechanism to correct flawed thinking like authen-
tic, formative measures do. The conference paper activity
provided students an opportunity to demonstrate, at a
deeper level, their understanding of physics while simul-
taneously providing them with a learning experience that
would serve them well, long after the semester was
brought to a close.
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