
1 Video Problems

1.1 What are they?

A video problem is a subset of the category “application experiment”. From each video one
can determine a physical quantity such as the coefficient of friction between two surfaces,
the height of a table, etc. . . by two independent methods. The results determined from
each method should agree with each other.

1.2 Why do you want to use them?

• Promoting epistemic cognition:
Video problems are ill-defined complex problems. Students have to make experimen-
tal decisions about data collection; they need to make theoretical decisions related
to the simplifications of objects and processes, and they need to use their judgment
whether the result is reasonable.

• Promoting scientific abilities:
Solving a video problem requires students to employ scientific abilities such as the
ability to collect and analyze data, the ability to build a model of a situation, and so
on.

• Promoting concrete experiences:
Video problems move the traditional “back of chapter” problem into a meaningful
real world context.

• Promoting descision-making:
In contrast with traditional back-of-chapter problems, students make scientific de-
cisions such as “should I neglect friction?” rather than telling students that they
should neglect friction. Requiring students to make such decisions is more in line
with the activities of scientists in the real world and is a cornerstone of our method.

• Distinguishing between theoretical assumptions and experimental uncertainties:
While solving an experimental problem students need to decide whether they can
neglect air resistance, surface resistance, masses of pulleys, etc. They also need to
evaluate how precise the measurements are.

• Helping students see the coherence of physics:
As students are required to use two methods to determine the same quantity, they
see the coherence of physics knowledge.

• Alleviating cognitive load:
A video problem can be used to present relatively “clean” real world data and affords
the opportunity to collect data in novel ways such as stepping frame by frame. This
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alleviates some of the cognitive load on students from having to sift through “messy”
data.

1.3 How do you use them?

Students can work individually or in groups of two. After they read the problem and
learn what quantity to determine, they watch the video and decide what quantities can be
measured, and how the desired quantity can be calculated using the information gleaned
from the video. The information about how a clip was digitized is provided for students (for
example: 15 fps or 30 fps). Some videos contain a ruler as a length measuring instrument.
Then students watch the clip again, frame by frame, collect the data, analyze them and
use them to determine the unknown quantity. Then they compare the results of the
two methods and decide what contributed to the difference between them: theoretical
assumptions or experimental uncertainties.

Students should attempt video problems after they have constructed a relationship/
explanation of a related phenomenon and feel comfortable applying it. We envision video
problems being used in the following contexts:

• As a formative assessment assignment in recitation or in class (with a rubric for self
assessment),

• as a laboratory experiment (with a rubric for self assessment),

• as a homework problem (with a rubric for self assessment),

• as an exam question.

1.4 What are some types?

Video problems can cover almost any area of physics. The main consideration is that you
can present students with two independent methods of estimating a physical quantity. The
only limitation is your imagination! For example: A video of a ball being thrown straight
up. Students can estimate the height of the throw by either using some familiar object in
the video as a reference length, they can measure the time of flight of the ball from release
to the top of its trajectory and apply their model of motion with a constant acceleration to
find the distance travelled, or they can estimate the initial speed from the distance traveled
in one frame and then find the height.

1.5 How do you score them?

A sample of the throw problem mentioned previously is presented with a model solution
and a sample of student work. After this we present a rubric and a sample scoring with
reasons as to why particular scores were given.

Model Solution
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In both methods the height to which the ball is thrown will be measured from the sill
of the chalkboard. Some reasonable fixed point needs to be specified by the student.

Method 1
From the video it is given that the ruler is 1.5m long which corresponds to 4.7cm on

MY computer screen. The ball rises a further 3.3cm above the top of the ruler. Thus we
can get an expression for the total height relative to the sill:

Total height = 1.5m + 3.3cm× 1.5m
4.7cm

= 2.55m

It is unclear how much uncertainty there is in this measurement. The dominant source
of error is NOT the resolution limit of the ruler. The dominant problem is a problem of
parallax due to the change in perspective. It is impossible to estimate the effect of this
because it is difficult to see how close the ball is to the wall. One should predict however
that because of the parallax this measurement should overestimate the height. Students
who use the parallax argument to explain why this estimate is less than the method 2
estimate should be marked down in the rubric.

Method 2
We use the time of flight to estimate the height above some selected point. This point

should be selected to satisfy the following 2 criteria: (1) The ball must have left the hand
so that a constant acceleration model is applicable, (2) The ball is roughly parallel to the
height of the camera so that parallax does not ruin the measurement.

Here I picked the frame where the ball is at the 130cm mark on the ruler. From
this point, it is 15 frames to the top of the trajectory with an uncertainty of about half
a frame (This comes from experience of filming - an estimate of 1 frame is acceptable).
Converting time of flight into seconds, we use the fact that the film plays at 30fps, thus
t=15frames/30fps=0.5s. Students need to indicate that they will apply a model of constant
acceleration, ignoring the effects of friction on the motion of the ball. This is acceptable
because the time of flight is relatively short. Taking up as positive, students need to show

that the height y =
1
2
gt2. This may be shown from v = u− gt. Since v = 0 at the top of

the flight, u = gt. Plugging this result into y = ut− 1
2
gt2 we get y =

1
2
gt2. Thus:

Total height = 1.3m +
(

1
2

)
(9.8m/s2)

(
1
2
s
)2

= 2.53m.

Estimating an upper bound for the error can be done by considering an uncertainty of
about half a frame in estimating the time of flight. Thus ∆t = 1/60s. Using basic calculus
we can estimate that ∆y = 2× 1

2gt∆t. This gives ∆y ≈ 8cm. This is arguably the dominant
source of uncertainty in this measurement

Finally students should compare their two answers. Something like this: My two
answers agree to within the limits of experimental uncertainty. I attribute the slightly
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higher answer in method 1 to parallax and conclude that a model of constant acceleration
is definitely applicable to estimate the height of the ball in this situation.
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Example of Student Work
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Example of rubric scoring
Scientific Ability 0 1 2 3
Is able to iden-
tify sources of ex-
perimental uncer-
tainty

No attempt is
made to identify
experimental
uncertainties.

An attempt is
made to identify
experimental
uncertainties, but
most are missing,
described vaguely,
or incorrect.

Most experimen-
tal uncertainties
are correctly iden-
tified.

All experimental
uncertainties
are correctly
identified.

SCORE: 3
All the really important sources of uncertainty have been identified.

Scientific Ability 0 1 2 3
Is able to eval-
uate specifically
how experimental
uncertainties may
affect the data

No attempt is
made to evaluate
experimental
uncertainties.

An attempt is
made to evaluate
experimental
uncertainties, but
most are missing,
described vaguely,
or incorrect.

Most experimen-
tal uncertainties
are evaluated
correctly, though
a few contain
minor errors,
inconsistencies,
or omissions.

All experimental
uncertainties
are correctly
evaluated.

SCORE: 3
The estimates of the amount of uncertainty are all reasonable and there is an explicit
worked example of how much a 1 frame uncertainty affects the calculation of the height.

Scientific Ability 0 1 2 3
Is able to min-
imize experimen-
tal uncertainties.

No evidence of
any effort to make
precise measure-
ments from video

Some evidence
of an attempt to
take precise mea-
surements. Most
major sources or
uncertainty are
ignored or poorly
addressed

Evidence of ef-
fective data tak-
ing such as multi-
ple measurements
etc. One major
omission or some
small oversights

Precise data
collection in all
aspects afforded
by the video.
Attention to re-
ducing all obvious
sources of random
and systematic
uncertainty in
data collection.

SCORE: 3
A clear reference point is specified and a piece of paper was matched against the ruler on
the screen to get the best height estimate possible. (See the post-it note attached to the
lower left part of the first page of the student’s work.)
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Scientific Ability 0 1 2 3
Is able to record
and represent
data in a mean-
ingful way

Data is either ab-
sent or incompre-
hensible.

Some important
data is absent or
incomprehensible.

All important
data is present,
but is recorded
in a way that re-
quires some effort
to comprehend.

All important
data is present,
organized, and
recorded clearly.

SCORE: 3
All the data is present, easy to find and read, and written with correct units.

Scientific Ability 0 1 2 3
Is able to ana-
lyze data appro-
priately

No attempt is
made to analyze
the data.

An attempt is
made to analyze
the data, but
it is either seri-
ously flawed or
inappropriate.

The analysis is
appropriate but it
contains minor er-
rors or omissions.

The analysis is
appropriate, com-
plete, and correct.

SCORE: 3
The analysis is all correct.

Scientific Ability 0 1 2 3
Is able to choose
a productive
and appropri-
ate model AND
mathematical
procedure for
solving each
problem (SCORE
TWICE, ONCE
FOR EACH
METHOD)

Model and math-
ematical pro-
cedure is either
missing, or wholly
inappropriate.

A model and
mathematical
procedure are
described, but are
incomplete, due
to which the final
answer cannot be
calculated.

Correct and com-
plete model and
mathematical
procedure are
described but an
error is made in
the numerical
calculations.

Model and
mathematical
procedure are
fully consistent
with the data
presented in
the video. All
quantities are cal-
culated correctly.
Final answer is
meaningful.

Method 1: SCORE: 3 Method 2: SCORE: 3
Both procedures are correct and appropriate to the given situation.
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Scientific Ability 0 1 2 3
Is able to identify
the assumptions
(model assump-
tions + additional
assumptions as
needed) made in
using the chosen
model (SCORE
TWICE, ONCE
FOR EACH
METHOD)

No attempt is
made to identify
any assumptions.

An attempt is
made to identify
assumptions, but
most are missing,
described vaguely,
or incorrect.

Most assumptions
are correctly iden-
tified.

All assumptions
are correctly
identified.

Method 1: SCORE: 0 Method 2: SCORE: 3
No assumptions concerning method 1 are mentioned. (For example: the student ignored
errors of parallax — the assumption is that the ball is sufficiently close to the board and
the camera is sufficiently far way that there are negligible distortions.) For method 2, the
basic assumptions of the method are that the force of the earth is constant and air friction
is ignored. These are both mentioned.

Scientific Ability 0 1 2 3
Is able to deter-
mine specifically
the way in which
assumptions
might affect the
results (SCORE
TWICE, ONCE
FOR EACH
METHOD)

No attempt is
made to deter-
mine the effects
of assumptions.

An attempt is
made to deter-
mine the effects
of some assump-
tions, but most
are missing, de-
scribed vaguely,
or incorrect.

The effects of
most assumptions
are determined
correctly, though
a few contain
minor errors,
inconsistencies,
or omissions.

The effects of
all assumptions
are correctly
determined.

Method 1: SCORE: 0 Method 2: SCORE: 0
No attempt made for either method.
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Scientific Ability 0 1 2 3
Is able to make
a judgment about
the results of each
method and com-
pare and evaluate
the results

No discussion is
presented about
the results of the
two methods

A judgment is
made about the
results, but it is
not reasonable or
coherent. Little
nor no discussion
about the differ-
ences/similarities
of the two results

An acceptable
judgment is made
about the re-
sults, but the
reasoning is
flawed or incom-
plete. Discussion
about the differ-
ences/similarities
of the two results
with inadequate
reasoning.

An acceptable
judgment is made
about the result.
The effects of
assumptions and
experimental
uncertainties are
considered in
comparing one
result to the
other.

SCORE: 2
The uncertainty estimates are not mentioned in arguing that the two results are essentially
the “same”.
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