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Output Skills (Knowledge):

K1. Describe each of the three main reasons why students of science
and technology are required to take general physics by their col-
leges and accrediting associations.

K2. Describe the three main professional answers to the naive question,
“I know I can always look up all this stuff in books when I need
it professionally, so why do they make me learn it in college?”

K3. Describe each of the four main strategies used by professionals for
efficient learning from scientific/technical material.

K4. Describe each of the six main problem-solving strategies used by
scientific/technical professionals.

K5. Describe the assumed reason why almost all people require con-
centrated effort over an extended period of time in order to learn
mathematics-based scientific/technical material.

K6. Explain (in detail) why, if you are stuck on a problem, you should
not ask someone to show you a complete solution to the problem.

K7. List the four most important items to watch on the daily-posted
CBI student-progress charts.

K8. Describe how CBI’s Pace credit is awarded and give a specific
example, in detail, using your course’s Pace Day.

K9. List the two problem-solving subskills that are not generally ac-
quired through merely learning the solutions to problems.
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STUDENT STRATEGIES FOR
SUCCESS IN CBI PHYSICS

by

Peter Signell and William C. Lane, Michigan State
University

1. Start Out Properly

1a. New Goals, New Strategies. The MSU CBI physics courses
have been designed to help you start acquiring those skills and habits
that are the mark of successful professionals in pure and applied science.1

In order to meet our expectations for you, you will probably have to
employ some new study and exam strategies. The ones we outline here
should give you enough of a feel for the CBI system to get you started.
Then, after taking a few exams, you will be in a good position to start
emphasizing those strategies that work best for you.

1b. Use the “Getting Started” Sheet. We cannot emphasize
strongly enough that you should carefully follow the current term’s “Re-
quired Steps for Getting Started in CBI Physics” sheet before you do
anything else in your CBI course. That sheet is in your updated CBI

Student Handbook. Before you can take an exam or receive consulting
assistance, we require you to sign a statement that you yourself have car-
ried out all of the steps on the “Getting Started” sheet. Some students
have had severe problems because they deliberately bypassed steps listed
on that sheet.

1c. Study Together. We urge you to study the material for this
course with someone else who is taking the same course at the same time
or who has taken it in the past. If you don’t know how to find a learning
partner, ask one of our Consultants for a list of persons in your course.
When studying together, we suggest you discuss the material together in
detail.

If you become really stuck at some point, ask your partner to just
help you get past the sticking place so that you can then go ahead and
finish it by yourself. You may think it much easier to have your partner
show you how to work a problem, and that you will then be all set to

1See “Skills for Professional Success,” MISN-0-180, in your updated CBI Student

Handbook.
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work it or problems like it on the exam or in professional practice. We
can assure you from long experience that if you follow that procedure
you will do poorly on most exams and in professional practice. Problem
solving ability is acquired by wrestling with problems yourself, not by
observing others. It is much like learning to solve crossword puzzles:
watching another person do one does not much help you to do a different
one yourself. Most of us must practice, practice, practice.

1d. Estimate Your Readiness. Before starting into a lesson, decide
whether you are ready for the lesson and whether you want to try for
additional “review” credit while you are studying the lesson.

To decide whether you are ready for the lesson, turn to the “ID Sheet”
located on or inside the front cover of the lesson. Skim down to the “Input
Skills.” These are the skills the lesson’s author assumes you already have.
If you feel that you are not comfortable with a particular Input Skill, get
help from the lesson referenced in parentheses immediately following the
statement of the skill.

1e. Decide Whether to Learn Reviewing. If you think you might
want to learn how to evaluate technical writing while studying the physics
in a lesson, be sure to make that decision before you start into a lesson
(“later” will be too late).2 Credit for this may or may not be available in
your course: see your Syllabus.

1f. Learn How to Solve New Problems. Given that a major goal
of this course is to get you to the point where you can solve problems
that are new to you, it may seem to you that learning problem solutions
is the royal road to success. Although this “learning problem solutions”
approach seems logical, it has been found to not work for students taking
courses similar to yours.

To be more precise, two of the six subskills necessary for solving new
problems are not learned sufficiently well by learning problem solutions,
even when the number of solutions learned is double that available in the
usual homework sets.

The two missing subskills are: (1) determining which law(s) to apply
to a new problem without getting outside help and without spending
huge amounts of labor and time; and (2) associating the proper concepts
with the quantities occurring in the relevant law(s). It appears that the

2For details see the lesson “Evaluating While Learning,” MISN-0-69, on the “CBI

Home Page” at http://www.physnet.org/cbi.html.
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only practical way for most students to acquire these two subskills is by
carefully working through the lesson’s narrative, then working problems,
then cycling back and forth between different parts of the narrative and
between the narrative and problems until all parts of the narrative are
really understood. While going over a narrative on a new subject, many
professionals make up their own examples and problems to solve. They
often find it helpful to discuss the narrative with colleagues.

A narrative can be made available through text and graphics in pro-
fessional publications, through lectures and talks, and in hypermedia pre-
sentations that include all of those. In any case one must keep going back
over the narrative until it is understood in detail.

Sometimes students have expressed the idea that they will under-
stand a subject if they can only learn the solutions to the problems they
missed on that subject’s exam. They reason that if they had been able to
solve those problems at the time of the exam, then they would have been
certified as understanding the subject. They say that it is better to gain
the necessary understanding after the exam than not at all. What they do
not realize is that the point of the exam is to certify that examinees can
solve problems which are new to them. Learning the exam-problem solu-
tions is exactly the same as extending the homework problem sets slightly,
and such extensions have been found to be fairly useless in creating the
ability to solve new problems.

2. Know Why You are Doing This

2a. Know Why You Are Learning Physics. There are three main
reasons why departments, colleges, and professional accrediting associa-
tions want their students to learn physics:

(i) They view the people they let into their fields as representing them-
selves, their institution, and their profession. Thus, if they require
the study of physics in the training of their practitioners, they want
those people to have enough of a talking and writing knowledge of
physics so they are thought of as educated scientists and technicians,
not as scientific/technical lightweights.

When a scientific/technical person makes elementary physics mis-
takes while talking or writing in his or her own field, that person is
mentally discounted by listeners or readers and may even be “made
fun of” behind the person’s back. A sufficient amount of this can tar-
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nish the reputation of the institution from which the person came,
and possibly the reputation of the field itself.

(ii) The professionals know that the attainment of certain skills in
physics is a necessary prerequisite for the development of skills in
their own fields. Physics departments are put in charge of develop-
ing these pre-professional physics skills because it is physics teachers
who are specifically trained in this field.

(iii) The professionals want students in their fields to develop general
problem-solving skills, and physics is uniquely suited as the arena
in which to develop them. This is because physics has multi-stage
word problems with well-defined symbolic and numerical solutions,
making it easier to judge whether one has indeed acquired problem-
solving skills. In fact, much research into how to promote the de-
velopment of problem-solving skills has used physics as the content
area.

2b. Know Why You Must Learn Concepts. (why you cannot
just “look them up” when you need them). A professional must have a
working knowledge of words and concepts because:

(i) While receiving professional presentations, one cannot keep stop-
ping to “look up” and try to understand physics terms. It is simply
impossible to do this during oral presentations and it ruins the con-
tinuity of printed presentations. Carrying the naive argument to
the absurd, it is like claiming that one needs no vocabulary what-
soever in order to read a newspaper because one can always go to a
dictionary and look up all the words.

(ii) When conversing with another professional, you would look foolish
if you had to keep looking up concepts in order to understand the
discussion and construct replies.

(iii) You need words and concepts on “instant recall” in order to even
think about a pure or applied topic when you are a professional,
even more so to think about it creatively.

In determining which concepts must be available for instant recall, the
instructor is guided by tradition and by strong feedback from experience
and colleagues.

8
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2c. KnowWhy Learning Math-Based Science is Hard. For most
people, acquiring math-based scientific/technical material is not easy. It
generally requires strong mental discipline and an attitude of being “up
for the challenge.” Another way of saying it is that very few people have
a high I.Q. for math-based material. This is presumably because this
particular I.Q. was not much needed for survival while the human race
was evolving. Nevertheless, in today’s competitive international market
the very survival of many organizations depends on having members with
strong math-based problem-solving skills. The few people who do put in
the effort, and succeed in acquiring such skills, become valuable to the
institutions that eventually employ them and to society at large.

3. Use Prof’l Learning Strategies

3a. Four Main Strategies.

(1) Understand the organization of the document. A scientific/technical
document is normally organized as sentences, paragraphs, subsec-
tions and sections. Each section and subsection has a line in the
Table of Contents and each paragraph, section and subsection has
an overview.

(2) Obtain preliminary overviews at all levels. Before plunging into
a lesson, or any organized part of it, try to get an idea of what
it covers. Your initial guess as to the content provides a mental
structure on which you can store new information as you go along.
You will find that you automatically correct the overview as you go
along through the material.

To gain an idea of what the entire lesson covers, examine the Table
of Contents on the lesson’s cover. Examine the cover drawing for
clues. Check the Output Skills on the ID Sheet (just after the cover)
and check the Abstract if there is one.

To get an overview of a section, check the section’s title and read
its first subsection.

To get an overview of a paragraph, check its first sentence, its “topic
sentence.”

(3) Obtain an understanding at all levels of the document. After reading
a sentence, make a good effort to understand it before you go on
to the next sentence. This will not always work, but make a strong
effort.
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Stop at the end of the paragraph and, in your head, formulate what
you have learned from the paragraph, what its theme is. Go over
the individual sentences again and again until you are satisfied that
you understand the paragraph’s message.

(4) Understand each equation in the document. When you meet an
equation, determine how the result varies as each constant or vari-
able is separately increased or decreased and ask yourself whether
the results make sense. Take constants to extremes; for example,
you might eliminate friction or gravity from an example or problem
and see what happens, or you might let frictional force or gravity
become infinitely strong. See if the result agrees with what you
would expect.

3b. Last Resort: Get Help. If you become stuck at some point,
and you have tried hard to figure it out yourself, look to see if there is a
“[S- ]” symbol nearby in the text. If so, there is assistance available in
the lesson’s Special Assistance Supplement (usually located immediately
after the Problem Supplement). If there is no such assistance symbol,
get a minimum of help from a friend. If no credible friend is available,
wait until your class time arrives and come to our Consulting Room for
help. Allow enough time for our Consultant to become familiar with the
problem (this may take awhile).

4. Use Prof’l Problem-Solving Skills

Work all of the problems in a lesson’s Problem Supplement, practic-
ing these professional problem-solving skills:

(1) Write down the quantities given in the problem, equating their
names and/or values in the problem to the symbols that generally
represent those quantities in physics equations. Then do the same
for the desired quantities.

(2) Sketch the situation, labeling the various objects. Draw any given
or desired vectors such as velocities and forces. Label the charac-
teristics of the objects in a manner consistent with the names used
in (1).

(3) Try to decide whether you will have to break the problem into parts
each of which must be solved independently. An example might be
a light ray which travels through air, then travels through the glass

10
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in a lens, then emerges and again travels through air (a two-part
problem because the light ray changes direction at each of the two
interfaces between glass and air). Then write down the equations
that connect the given quantities to the desired quantities.

(4) Use your knowledge of mathematics to solve the problem. If there
are two or more equations containing some unknowns, use your math
skills to eliminate the unknowns and put the answer solely in terms
of just given quantities. Do this in terms of symbols rather than
numbers, right through to the final answer if possible. Check the

answer by letting symbols become values like zero of infinity or
ninety degrees, where the answer is obvious.

(5) Substitute numbers for symbols and solve for the numerical answer,
keeping units all along the way.

(6) Perform these three checks:

Check that the answer’s units obtained from solving the equation
agree with what the units of the answer should be.

Check your numerical answer(s) with 1- or 2-digit arithmetic, prefer-
ably done in your head.

Check that you have kept an appropriate number of digits in your
final answer(s).

Persist: pursue the solution diligently. If you become stuck, wrestle
with it. Go back over the text for clues. Work hard at it: in science
and technology one must frequently wrestle with tough material, trying
all manner of things until it finally comes together in one’s head and the
problem is licked. It is often said that “science is not a spectator sport.”

Much practice is needed in order to acquire the proper mental disci-
pline for problem-solving. This is very much like solving crossword puzzles
in that it is difficult to describe the skills involved. Also, seeing someone
else do it does not help you very much when you try to do it yourself. It
is a mental discipline, somewhat like a sport that only comes with long
hard practice.

Of course if you still can’t get a problem after struggling with it, seek
help as outlined in Sect. 3b.

11
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5. Review the Lesson

5a. Review the Output Skills. When finished studying a lesson,
look at its “ID Sheet” and find the Output Skills. Look at the skill types
and think about how we will likely give credit in these categories:

• Knowledge: Answering a question whose essence can be completely
specified in an Output Skill statement (e.g. “State Ohm’s law, defin-
ing all symbols”).

• Rule Application: Applying an appropriate rule properly in an ap-
plication that is new to you, but one so simple as to not require
much of a “plan” for its solution (e.g., “calculate the frequency of
586 nm light”).

• Problem-Solving Plan: Outlining appropriate strategies for solving
a complex problem that is new to you, starting with appropriate
physical laws or principles.

• Accuracy: Solving a problem or applying a rule with appropriate
mathematical accuracy.

• Project: Combining skills in the areas of knowledge, rule applica-
tion, problem-solving, accuracy and/or communication to carry a
specified project through to completion.

• Demonstration: Using physical apparatus to successfully demon-
strate and explain a concept to an examiner.

For each of the lesson’s Rule Application and Problem Solving
Skills, make sure you have actually solved representative problems
that are new to you with no help from any person or materials.

Consider this a final “dress rehearsal” for the relevant parts of the
real certifying exam.

5b. Look over the Model Exam. After studying a lesson, examine
its “Model Exam” (not present if all the Output Skills are “Knowledge”).
The Model Exam is a module supplement that was a viable candidate for
a certifying (real) exam, so it will show you the equations and constants,
if any, that will be given to you on the real exam. Like a real exam, the
Model Exam usually covers only a selection of the Output Skills. We do
not provide consulting assistance on Model Exams.

12
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6. Show Skills on Exams

6a. Communicate Effectively on Exams. Your exams will be eval-
uated for your skill in communicating, according to our “Scientific Com-
munication Guide” shown in Appendix B and on the back of every Exam
Application. In addition, if your communication is sufficiently poor on
an exam item, the grader may simply give you zero points for that entire
item. No one should have to painfully piece together what you are trying
to say.

6b. Show Your Reasoning. Scores are assigned to your exam re-
sponses only on what you have put down at the time: you cannot later add
any further material. Furthermore, if your reasoning is missing, wrong,
or irrelevant, we simply ignore the rest of your work on that item: we are
not interested in answers arrived at by erroneous or mysterious methods.

6c. Get Credit for General Skills. Here are some general skills and
the ways you can earn course-grade points by demonstrating them:

• Skill Accumulation: To get these points, take a “topic block” exam
that gives you credit for the skills covered by two or more units.
With “unit” exams you get no skill accumulation credit. Another
advantage of a topic block exam is that it is usually shorter than the
sum of the unit exams it covers. However, some skills are credited
only through block exams and some only through unit exams.

• Communication: Get these points by exhibiting good scientific com-
munication skills on the exam. (See Appendix B).

• Answer Excellence: To get this credit on an exam item, obtain the
maximum possible score for the item.

• Exam Excellence: You get this credit if you achieve the maximum
possible score for the entire exam. Be sure to examine the sample
exam sheets and the graphic summary of our grading technique in
Appendix C.

• Evaluation: To get evaluation credit you can: (i) point out pol-
icy or exam or module inadequacies on a “Consultation” form; (ii)
produce a good review of a module; and/or (iii) circle appropri-
ate responses on Learner Questionnaires. See your updated CBI

Student Handbook for sample Evaluation credit forms.

• Pace Control: You can receive Pace Points for each Pace week in
which your Raw Projected Grade is 2.5 or higher at the end of that

13
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Pace Week. The Pace Week consists of the seven calendar days
ending on your course’s Pace Day (to determine your course’s Pace
Day, see your Classroom and Exam Schedule.

The Pace Week’s points are included in the calculation of whether
the exam boosts an examinee past the 2.5 threshold. If so, the
examinee gets those Pace Points.

Pace Points can add up to a substantial amount of credit toward a
grade.

Pace Points are assigned to the exam that fulfills the requirements
set forth above.

Here is an example: Suppose your course’s Pace Day is Wednesday.
Suppose you take an exam on the previous Thursday but it does

not result in Pace Points because you would not thereby have a
high enough Raw Projected Grade at the end of the Pace Week (in
this example, at the end of Wednesday). Seeing this bad result on
Friday morning, you can study over the weekend and take another
exam to try to get your projected grade up high enough before the
end of Wednesday. If you do, you will get the Pace Points for that
Pace Week.

An exam cannot give you Pace Points for any Pace Week that oc-
curred before the Pace Week in which the exam is taken. Thus if
you do not get the Pace Points for, say, your first Pace Week, those
points will be lost to you forever.

An exam can give you Pace Points for Pace Weeks in the future.
Suppose that during the first week of the semester you took a lot of
exams. Suppose you did well on them and acquired enough points
to ensure you would have a Raw Projected Grade of 2.5 or better
at the end of the semester even if you did no further work in the

course. Then you would receive, during that first week, all of the
Pace Points available for the entire semester!

Suppose you have a serious illness. If you bring a doctor’s note,
specifying the time period during which you were incapacitated,
you may qualify for a “make-up exam” arrangement (see the CBI

Policies Handbook). However, you must apply for it promptly upon
the end of the doctor-specified period of incapacitation.

• Independent Study: To get points in this skill, actively pursue and
acquire scientific skills through the use of professional-type mate-
rials. For example, don’t require us to repeat material orally that

14
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you can easily read for yourself in print form. Points for this skill
are also affected by how efficiently you make use of our consultants.
For further details see your updated CBI Student Handbook.

7. Monitor Your Progress

- Watch Your “Projected Grade.” Every CBI class day we
post a fresh chart showing what we call your “Raw Projected Grade”:
it is our best estimate of the points (in “raw grade” format) you will
eventually get in the course. Watch your Raw Projected Grade closely
and, throughout the term, keep it up to, or above, the course grade you
want. If your projected grade falls below the grade you want, work harder
and get better scores on your exams, just as you would in any other course.
If your projected grade is lower than you want because you have not been
taking exams at a high enough rate, then speed up your pace until your
projected grade is where you want it to be.

- Watch Your “Earned Grade.” On the chart that we post
every CBI class day, you will see your current “earned grade”: if at some
point it gets up to the grade you want in the course, then simply do not
interact with us again and that is the grade you will get at the end of the
term (barring an error in your record, which is extremely unlikely and for
which it would be up to us to help you rectify).

- Watch Two “Pace” items. On the daily-posted chart you can
see all of the Pace Weeks for which you have received Pace Credit. You
can also see the additional course points you must still acquire to get
“up to pace” by the end of your current Pace Week. Remember that the
available Pace Points are substantial!
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Appendices: A, B, C

A. Scientific Communication Guide

It is exceedingly important that scientific communication should be:
(i) clear to the recipient; (ii) laid out for easy checking; and (iii) con-
cise. Every scientist, no matter how important or famous, is required to
conform to these three rules which go to the very heart of science and
are a major reason for its successes. As an enrollee in this course you
are assumed to have a serious interest in developing and demonstrating
those competencies which are the hallmark of good scientists and tech-
nologists. To this end we will reward you if your formal communications
in this course, your exams, follow those three traditional rules of scientific
communication.

There are common attributes which are generally characteristic of
clear, easily-checkable, concise scientific communication:

1. The logic of your solution must flow only downward on your page.
Show only those intermediate answers necessary for checking major
sections of the solution.

2. All vector quantities are marked as vectors:

~r = 3.0mŷ not r = 3.0mŷ

3. Equality signs are centered vertically on fractions:

y =
ab

c
not y = ab

c

4. A combination of algebraic symbols is always set equal to another
symbol:

V = ke

q

r
not ke

q

r

5. Problems are first solved for symbolic answers involving the input
parameters or explicitly defined combinations of them:

16
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C = C1 + C∗ : C∗ ≡
C2 C3

C2 + C3

6. Numbers are substituted, with their units, for the input symbols
and the units are then reduced to obtain the units of the answer:

d =
1

2
(32 ft/s2)(2.1 s)2 = 70.56 ft ⇒ 71 ft

7. Numerical answers are given to an appropriate number of digits,
neither more nor less. A number like 130 must finally be written so
as to show its number of significant digits (1.3 × 102 or 1.30 × 102

or . . . ). If only multiplications and divisions are used to compute
the answer, then the final answer should have exactly the number
of digits of the least precise of the input parameters (see the exam-
ples in #6 above and #10 below). If subtraction is involved, the
subtraction must be checked to see if some precision is thereby lost
due to cancellation of the leading digits.

8. The situation is sketched, showing the
meaning of the symbols used:

r

P

q

x

y

9. Assumptions used at the beginning of a problem are clearly stated
in both words and equations:

1. I combine Coulomb’s Law: ~F = ke

q q′

r2
r̂

and Newton’s Second Law: ~F = m~a

to get . . .

10. Equality signs that are part of a derivation sequence, but which
begin different lines on the page, lie directly underneath each other:

17
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~a = ke

q q′

m(a+ b)2
r̂

=
(2.0× 10−5 C)(−3.0× 10−6 C)(9.0× 109NC−2m2

(8.0 kg)(0.20m + 0.05m)2
r̂

= −1.08Nkg−1 r̂ = −1.08m s−2 r̂

⇒ − (1.1m/s2) r̂

18
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B-I. Exam Application (Front)
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B-Ii. Exam Application (Back)
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C-I. Exam Scoring: General Examples
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C-Ii. Exam Scoring: an Example
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