Grading Procedure

1. Look at the solution to the problem. Does the solution involve the gpplication of more than one
maor principle (eg., forces and kinematics, energy and kinematics)? If yes, decide how many
points should be awarded for each approach. (Note: The answer may depend on when the
problemisgiven -- quiz or find).

2. For each mgor approach needed for asolution: Decide how you will divide the points between
Physics Approach and Logica Execution (mathematics) based on the answer to the question: Does
the problem solution involve mathematics thet is difficult for the sudents (e.g., quadratics,
smultaneous equetions, difficult integrd, etc.)?

If the answer is no (e.g., the Enterprise problem), then you may want to assgn most of the points
(80% - 90%) to the Physics Approach. If the answer isyes (eg., the Modified Atwood Machine
problem), then you may want to assign fewer pointsto the physics (60 - 70%) and more points to
the logica execution.

3. Start with 30 - 40 solutions. Spend about 30 - 40 minutes sorting the solutionsinto 4 - 6 stacks,
using the criteriabelow (see dso the Grading How Chart). Then go through your piles briefly,
make aligt of the types of physics approaches you found, and decide on the number of pointsyou
will assign to each approach. (Some people like to rank order the gpproaches from best to worst
and then assign points, while other people like to decide how many points to subtract for each type
of error.)

Criteria:
A. Communicates reasoning?

Can you tell how students got their answer? If yes, then go on. If no, then student gets zero
(0) points.

B. Physics Approach (60% - 90%): Look at the combination of student's diagrams, generd
equation(s), and specific equation(s). Do not look at execution or numerical answvers. Keep a
list of the types of gpproaches you find, and how many points you decide to assgn each
approach.

i. Correct Approach: 60% - 90%

ii. Magor mistake of somekind: There are two kinds of mistakes, variable definition and
conceptual mistakes.

Vaiable definition errors are trandation errors from diagrams (quditative andysis) to
equations.

- dggnerrors (9gns of variables inconsstent with defined or inferred coordinate axes)
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- symbol errors (use same symbol for two different variables, for example "m" for both my.
and np)
- component (trigonometry) errors (sines and cosines confused, etc.)

- cardessnessin writing terms (e.g., forget to include aforce in equations that was clearly
shown on the diagram, €tc.)
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GRADING FLOW CHART
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Conceptua mistakes can take many forms -- omitting important physics (eg., initid or find
velocity, important force or energy term, etc.), wrong directions for vectors, €tc.

Decide how many points to assign each type of approach you find. Be sureto keep abrief
list, S0 you can add to it later, and remain consstent.

iii. Off-the-wall Approaches. Student takes atotally wrong approach. For example, student
assumes a congtant velocity for freefal. Or student states that the unknown force (tension,
normd, friction) isthe sum of dl the known forces, and so on.

Depending on whether students show some understanding of the physics (e.g., a correct or
nearly correct force diagram, afew energy terms correct), decide on some maximum
amount of pointsto give. Y ou probably will give no more than 20% for such solutions.
Mogt weird solutions will get zero (0) points. Add to your brief lig.

4. Now dart grading these solutions, one pile a atime. Asyou grade, ook for the logica execution
errors listed below (see dso Grading Flow Chart). Add to your brief list.

Logica Execution (10% - 40%): How did the student execute the approach?

A. Correct or Minor Error (10% - 40%): Minor math errors include adropped sign late in the
execution, or a calculator error.

B. Simpler Problem Solved (5% - 20%): There are two kinds of errorsthat result in the students
solving amuch simpler problem than intended:

Math Error: Thisincludes any agebra or caculus mistake that greetly smplifies the problem,
such as dropping a square so the quadratic equation does not have to be solved, or not
knowing how to take acritical integrd, €tc.

Conceptua or Varigble Definition Error: Some conceptua errors, such as the omission of
certain forces, result in amuch smpler problem solution (e.g., no Smultaneous equations).
Smilarly, if astudent uses"m" for both my and mp in some force problems, s’he ends up
solving Smple equations rather than s multaneous equations.

Decide how many points to assgn for each kind of execution error you find. Students who
make a serious mathematical error trying to solve smultaneous equetions or a difficult integrad
should get a higher score than the students who solve a different, smpler problem.

C. Usewrong physicsto get an answer (0%). Thisincludes setting a variable to a constant or to
zero to get an answer, or doing some other weird physics. This mistakeis seen alot when
students have to solve smultaneous equations. These students should get zero (0) points for
logical execution. That is, they should receive no more points than a student who had the same
physics approach, then quit (or said honestly that they did not know how to solve the
equation(s) or take the integrd).

Continue to grade the rest of the solutions. Y ou will find new physics approaches and combinations of
errors you did not seein your origind sort. Asyou encounter these, check your list and decide on a
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reasonable number of points to assign compared to the other approaches/errors on your list. Be sureto
add to your ligt, S0 you can remain congstent.
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