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ABSTRACT

Physics majors at West Chester University take a two
semester sequence of laboratory courses designated
Intermediate Lab I and II. Each semester, students are
required to write three "research papers", consistent
with the conventions of scientific journal papers. We
have prepared a grading rubric that articulates the
qualities of a good scientific paper. The rubric has four
main categories: accuracy, precision, completeness, and
convention. These are complemented with categories
addressing the structure of the paper and the quality of
writing.

THE SETTING: INTERMEDIATE LAB I AND II

Physics Majors at West Chester University take a two
semester sequence of laboratory courses referred to as
Intermediate Lab I and II. Students in these courses
perform a total of eight experiments, four during each
semester, to determine the numerical values of some of
the fundamental constants of nature, such as the
Universal Gravitational Constant, the speed of light, and
Planck's constant. Students select experiments from a
menu of 15 options. No laboratory manual exists.
Students are responsible for calibrating and testing
equipment and assembling the apparatus to perform an
experiment. Students are expected to modify the
procedures in the equipment manuals, where such
procedures exist, so that the experiment is consistent
with that which would be performed in a research
laboratory setting. (Often, the experimental procedures
in the manuals provided with off-the-shelf equipment
are designed for an instructional laboratory setting, not a
research laboratory setting.)

Each semester, students are required to write three
papers, consistent with the conventions described in the
American Institute of Physics Style Manual. The
instructor meets with each student for draft review on
the first two papers. Students are also required to give
one research talk, open to all faculty and students. The
instructor and all of the students meet three times to
review, discuss, and make revisions to writing samples.
Additional meeting times are dedicated to laboratory
practices and data analysis. During the first semester,
the instructor reviews an example paper with the
students and delivers an example research talk.

The laboratory environment that we have created for the
students lends itself to numerous teachable moments
that could not otherwise be achieved. Alumni consider
this particular sequence of courses to be their most
rewarding and valuable undergraduate experience,
giving them a significant edge in the work force.
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The quality of writing section of the rubric has been
adapted from the essay grading rubric developed by the
English 101 Committee in the English Department at
Calvin College.

THE GAP

The first lab reports written in Intermediate Lab I are
characterized by false statements, imprecise language,
incomplete arguments, and a general failure to follow
the conventions of the scientific community with regard
to the presentation of data. This is not surprising.
Generally speaking, students are not taught how to write
a scientific paper. English courses are most often
concerned with the essay, the novel, and poetry as
opposed to technical writing, let alone scientific writing.
Introductory physics courses burn through hundreds of
derivations and arguments in lecture, but assessment
tends to focus on the applications of the results of those
derivations and arguments, not the derivations and
arguments themselves. In other words, the structure and
elements of a complete and coherent logical argument
are not a topic of study, and the solutions to problems
are not explicitly recognized as logical arguments.
Introductory physics laboratory manuals are
instructional in scope and do not often make transparent
the design of an experiment. Moreover, students are not
steeped in the scientific literature and are therefore
unfamiliar with the language of science and its
conventions.

The mark of a good, scientific paper is transparency.
The mark of a good experiment is reproducibility, and a
good scientific paper is sufficiently transparent to allow
the reader to reproduce the experiment and its results.
Furthermore, in a good, scientific paper, the author
builds credibility with the reader. These are very
abstract concepts with which the students have little,
practical experience. The goal of the Intermediate Lab
course is to build the experience necessary so that
students arrive at a deep understanding of these
concepts by the end of the course.

THE RUBRIC

Papers have a lot of "moving parts"; we have identified
on the order of 100 specific, technical issues on which
we could make comments. Large numbers of
comments, however, can result in cognitive overload,
defeating the purpose of feedback, so our rubric is split
into two tiers. The first tier focuses on trends in four
categories tied to the most common problems observed
in student papers: Accuracy (false statements),
Precision (imprecise language), Completeness
(incomplete arguments), and Convention (a failure to
follow the conventions of the scientific community).
The second tier addresses specific, technical issues in 14
categories: Abstract, Introduction, Theory*,
Apparatus, Procedure, Data Analysis, Error
Analysis, Conclusion, References, Equations, Tables,
Figures, Graphs, and Quality of Writing. Detailed
comments, associated with each category, substantiate
the rubric grade, illustrate how a particular statement
fails to achieve its rhetorical goal and how that
statement could be improved, provide clarification on a
specific convention, and so on. Some examples appear
below. Contact the author for a digital copy of the
complete rubric.

*Theory covers both the theoretical arguments specific
to the experiment and specific to the apparatus.

Student: "The interference pattern can be altered by changing the path length difference of one of the laser beams, thus changing the point
where the beams meet."

Instructor: "False statement. The two beams always meet at the same point, the beam splitter. Imprecise language. The interferometer
has one laser, and therefore one laser beam. Once the beam splits at the beam splitter, new language is required to describe the beams. For
example, the beam reflected off the beam splitter toward the fixed mirror and the beam transmitted through the beam splitter toward the
adjustable mirror. Furthermore, a "difference" requires two quantities: the path length difference between the beam reflected off the fixed
mirror and the beam reflected off the adjustable mirror; or, simply, the two beams of the interferometer. Incomplete argument. The
connection between path-length difference and phase difference is missing. The connection between phase difference and intensity of light
is missing. Break down the core idea underlying this experiment: Changing the path length difference between the two beams of the
interferometer by one wavelength causes the interference pattern to cycle through one fringe."

Student: "...we use the microscope to view the change in the position Ds' on the beam splitter."

Instructor: "Imprecise language: "...the change in the position of ____ ?" False statement. The "change in position" is observed on a
reticle as seen through an eyepiece, not on the beam splitter. Undefined variable: Ds'. Fix: We use a beam splitter in the optical path and
an eyepiece with a reticle to observe the change in the position of the beam returning from the concave mirror while the rotating mirror is
in motion with respect to the position of the beam while the mirror is at rest, Ds'."

A B C D F

The paper contains no 

false statements.

The paper contains 

one or two false 

statements, indicating 

an incomplete or 

naive understanding 

of the assumptions 

and principles of 

physics underlying 

the experiment, the 

design of the 

experiment, the 

procedure, or data 

analysis.

The paper contains 

several false 

statements, indicating 

a weak understanding 

of the assumptions 

and principles of 

physics underlying 

the experiment, the 

design of the 

experiment, the 

procedure, or data 

analysis.

The paper contains 

one or more false 

statements of such 

significance that the 

credibility of the 

author is suspect.

The paper contains 

numerous false 

statements to the 

extent that the author 

has lost all credibility 

with the reader.

A B C D F

The language is 

exquisitely precise, 

leaving no room for 

error in the 

interpretation of the 

author's statements.

Imprecise statements 

are infrequent and 

only occasionally 

distracting.

Imprecise statements 

are frequent and 

distracting, indicating 

a weak understanding 

of the assumptions 

and principles of 

physics underlying 

the experiment, the 

design of the 

experiment, the 

procedure, or data 

analysis.

Imprecise statements 

force the reader to 

stop and decipher the 

intent of the author.

Numerous statements 

are imprecise to the 

extent that the reader 

cannot decipher the 

intent of the author.

ACCURACY

PRECISION


