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Research Questions
1. What do students do when trying to make sense of a
provided symbolic answer?
2. What do students know about special-case analysis?

Prompt
Interviewer: “Without solving the problem, reflect upon
the answer given to see if it makes sense or not.”
Written: “You placed your physics book on a table and it
starts to slide because your table is uneven, yikes! Since
you have been studying physics all day you can’t help
but wonder at the acceleration of your textbook. If you
look up the average coefficient of friction for a wood
table and measure the angle of incline what expression
can you use to determine the acceleration of your
book?”

SCALE-UP Course Students

Students
Shading represents students’
recollection of what special
case analysis (SCA) is.

is] really important, not
“[SCA
necessarily so much in the specific

• Light is no memory of SCA
• Dark is instant recognition
and full explanation of SCA

• 11 Semi-structured student interviews
ü Approximately 1 hour each
ü Focus only on the question described in Prompt
• Triangulation
ü 4 homework sets for SCALE-UP course
ü 3 homework sets for traditional course
• 3 Semi-structured instructor interviews
ü Approximately 30 minutes long
ü Focus on how special-case analysis was taught and
instructor expectations for student use

What Students Did Instead

Few Referenced Prior Knowledge
• 2/11 students mentioned a similar problem
ü 1 recognized that the trig. functions were wrong
based on a problem solved earlier in the interview
ü 1 recognized the problems were similar but did not
notice the trig. functions were wrong

Most Drew a Free Body Diagram
• 10/11 drew some type of FBD ranging from some arrows to a
separately labeled image

“like I did back on problem 1… without friction it
would be 𝑔 𝑠𝑖𝑛𝜃.
”
“It's always good to have schema of prior knowledge
to link things to.”
Some Checked Units

Many Expressed Confusion about Trig. Functions

• 4 /11 students used units to
analyze the symbolic answer
• All 4 of these students were in
the SCALE-UP course
• 1 student wrote out their unit
check

• 6/11 showed confusion or explicitly stated they were
confused by the sine and cosine terms in the answer

“

𝑔 is by definition
acceleration, 𝜇 is unitless, cosine and sine are
unit-less so that is an
acceleration.

”

“Cause“the sines and

”

cosines confuse me.

Some Discussed Mass
• 5/11 students explicitly addressed
the mass of the book
ü 4 recognized the eqn. should
be independent of mass

ü 1 thought the eqn.
should be divided by mass

look at the angle to
make sure that it's right
because I hate these
angles.

Many Addressed Friction
7/11 talk about the friction in the system

“ Force of

• 4 note that
𝑓) = 𝜇) 𝐹.

friction is
going to be
− 𝜇) ×𝑔 .

”

“Static friction isn't

taken into place…
because it’s so small.

“I agree there shouldn't be any
mass in here.”

•
term calculus-based introductory physics
SCALE-UP:
• Weekly structure (2 hours of lecture, lab, and studio)
• 3 different instructors
• 6 students interviewed
• Reflection required on homework

“I would have to actually
”

• 3 discuss static friction

1st

Traditional:
• Weekly structure (3 hours of lecture and lab)
• 1 instructor
• 5 students interviewed
• No reflection prompted or required

”

”

About the Courses

Required Solution Format: Reflect. Is the answer reasonable? Does it
make physical sense?
• Evaluate the result. Is the answer reasonable? Are the units correct?
Does the answer make sense in limiting cases? Does the answer
make physical sense? Include a written explanation for why the
answer makes sense and what it implies about the physical system.
Grading Rubric: A clear and complete explanation is given for why the
result makes sense (or does not make sense if the incorrect answer
was reached), and what it tells us about the physics of the situation.

“

Not in this class but I have heard
the term before… my vector calc.
[instructor] has [discussed SCA].

situations you encounter in
Newtonian mechanics.

This prompt was designed to investigate each student’s
ability to identify incorrect trigonometric functions; we
anticipated they would use special-case analysis (SCA).

Methods

Traditional Course Students

”

• 1 relates mass to
friction

on the mass
“Depending
that will change how much
the friction affects it.”

Instructor Expectation

Homework

Conclusions

• All instructors said SCA is an
important skill for their student’s
future careers
• All instructors claimed to have
demonstrated SCA in class but not
explicitly teach it
• All instructors believe their students
are capable of preforming a SCA at
this level but do not anticipate
seeing evidence on written work

SCALE-UP:
• None of these 6 students did SCA on
any homework assignment
• Only 1 student in the whole data set
(N=157) did SCA on homework

• 4 students correctly stated the given
solution was incorrect
ü 1 student gave correct reasoning
based on prior knowledge
ü 3 students did not
supply correct
justifications
• No students did SCA
ü Few students even knew what SCA was
• Productive sense making still occurred

Traditional:
• None of these 5 students used SCA
on any homework assignment
• Whole data analysis in progress
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