Reflection Christina Cheng

REFLECTION ON PROBLEM WRITING

Writing original problems was not something I looked forward to when I heard about
the assignment for the first time. To me, solving conceptual questions was difficult enough
but writing them seemed like a daunting task. I admit that I spent a long time on the first
original problems we were assigned. For several days I couldnt even start writing a problem
because I let myself get overwhelmed by the assignment. I didn’t know where to begin.
Before coming to IMSA math for me was black and white. For every problem there was one
answer. IMSA has changed that for me because there are so many different ways to approach
one problem now, for example I could use logarithmic differentiation to find a derivative or I
could use the product rule to get there same answer. Original problems seemed like another
way of doing math differently and I wasnt excited about it. I was moving even further away
from my mind set of math being black and white. I had to be creative when I thought of

original problems and being creative was something I never associated with math before.

Throughout this semester I had to write 6 original problems. The first original problems
were hard because it was the first time I had to tackle an assignment like this. Somehow I
came up with the problems simply by looking through the book and finding an interactive
tutorial online; they gave me my inspiration for the problems I wrote. In my first reflection I
wrote, I realized it is a lot easier to write problems when you understand the material. And
in my graded draft in pencil, Problem writing is challenging! was written after my reflection.

As a look over all three original problem assignments I find myself still thinking that problem
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writing is challenging and also that all of my problems are about material that I understood.
On one hand it doesnt seem like my problems have changed much, but on the other hand I
feel like I have actually grown as a problem writer. I have more of an idea where to start
looking for inspiration. I look at problems I got wrong on Fundays and try to create problems
that reflect similar concepts. I found that I like to make graphs for my original problems
because it is a lot easier to explain the solution when I have a visual element I can refer to
and look at. These patterns are something that can be seen just by looking at my original
problems. But ultimately I think being more confident and comfortable with creating my

own conceptual questions is the biggest sign of my growth as a problem-writer.

Completing an assignment is one thing, but did writing these problems valuable to me?
Honestly, the first two were not valuable to me but the final original problems involving the
multiple choice answers was. The first two didnt seem that valuable to me because I could
do it in one sitting. I couldnt come up with the problem in one try but after I did I could
write the answer and the reflection and be done because there was only one answer. I only
had to think about the problem once to solve it. I didnt take the time to thoroughly think

about the answer because I only needed to provide one answer.

For the multiple choice original problem I had to think about different ways to solve each
problem. I had to think about all of the mistakes I have made or would have made. It
forced me to reflect on the subject I was writing about. In m case the problem were about

the chain rule and implicit differentiation. It wasnt as easy as I thought it would be to
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write wrong answers. A lot of the mistakes I ended up making were algebra mistakes and
I couldnt write that for four wrong choices. I had to think about the mistakes I had made
when [ first started learning implicit differentiation or chain rule. I didnt make up all of the
answers in one day either. Also, working with a partner made me reflect on my own work.
He was able to check my work and show me what I was doing wrong and I could see how
other people went about writing original problems. It was also very helpful to have someone
I could bounce ideas off of. Overall I feel that the multiple choice original problems helped

the most because it required me to think of my own mistakes.
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Motivation: I found an interactive tutorial on the derivatives of a tangent so I decided to make a
question based off of the derivative of the tangent.

Problem Statement: Draw the graph of tan (2x+n/2) and determine its derivative. Consider the
following questions. How does the concavity of the function effect the derivative? How do the
asymptotes effect both graphs? Can you still make a sign chart when there are asymptotes

present? This £ gl on Thad sgas brsrns, v flan
Problem Solution: The graph and the derivative would look like this ﬁm&m ¢ 0'447"7»/:;’{?4
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-4 The graph of tan (2x+n/2) changes concavity at x= /2 + n/2k
when k is all integers therefore there will be a local minimum or maximum in the derivative.
Even though there are asymptotes you can still create a sign chart and that sign chart will help
you determine whether or not the extrema of the derivative will be minimum or maximum
points. The asymptotes of the graph tan (2x+n/2) will remain the same for the derivative because
there are no points at the asymptote so there is no way there can possibly be a slope therefore the
derivative also has asymptotes at x=n/2k when k is all integers.

Reflection: As a writer I found that it is more difficult to combine math that I have learned at

different periods of time. Even though I am supposed_to knowfrig Pstill had some difficulty
writing the answer for the problem because of t@yecause ad to remember about
asymptotes and the shift of the graph and then retate’the graph to material T learned in BC. I
learned that I need to review@o be able to problems such as f(x)=cos(x)sin{2x) but that once
you draw the graph it is relatively simple to solve the problem.
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Motivation: T was flipping through chapter one section four of the book and Figure 3 helped me
create my problem because I saw the tangent lines touching the graph of a function.

Problem Statement;

,/‘
Given the equations of the 3 lines, y=1x+5, YZQI /2)x-1, and y= -x +6, is it possible to create a
graph and also find the derivative of the created-graph? If so draw a graph and its derivative.
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Yes, it is possible to draw a graph but there are many possibilities for the graph. When drawing
the graph you would only have to make sure that each line touches the graph exactly once, so
then the three lines will be tangent lines of the graph. Once you know what your graph looks like
it isn’t too difficult to draw an approximation of what the derivative would look like. You would
take the slopes of the tangent lines and plot them, it might be necessary to use more than the 3
tangent lines given in the problem. After plotting the points you should keep in mind that when
the function has a min or a max then the derivative will have a zero and also when the original
graph has an inflection point the derivative will have a local minimum or maximum point. Not
only can you use the min and max points to help create your graph but also the fact that when the
function is concave up the derivative graph will be increasing and if the function graph is
concave down then the derivative graph will be decreasing. Lastly you should remember that
when the function graph is increasing then the derivative graph is positive and if the function
graph is decreasing then the derivative graph is negative.
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Reflection: I chose to write this particular #roblem because at the beginning of BC1 it was

difficult for me to grasp the concept that the slopes of the tangent lines helped to determine the
derivative. Now that I think about it the concept is very simple, but at the time it seemed so
confusing. So I took the problem of drawing a derivative graph from a function and added a step
of drawing the first graph from the tangent lines. As a problem writer 1 realized it is a lot easier
to write problems when you understand the material and not only material that you know well
but material that you originally had difficulty with because I could just think of some of the key
things about that concept and try to work it into the problem. However it is not easy to think of
the question because a lot of the time I found myself writing problems that were essentially the

same as ones I had done previously, Protolomn ”‘7‘;"7 0 odut 64«? . | /
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Motivation: I was looking through my
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notes on sections 2.4 through 2.6 and I saw some of the

equations had +C attached to the end of them and I remember ignoring those when I was
reviewing because I didn’t really think that they were important but when I searched for some

example anti-derivative problems online there were a lot of equations with constants attached to
them, so I decided to see why the constant was important.

Problem Statement: Is the following statement true or false? Please explain your reasoning and
support your reasoning with an example. If f{x) is a function, than f(x) has only one

antiderivative,

Problem Solution: The statement if fx) is a function, than it only has one,derivative i always
false! Adding a constant to an antiderivative only changes its position on the y=axis and not the
shape of the graph. There are an infinite amount of points on the y-axis so there will be an
infinite amount of antiderivatives possible for a function fi(x). Why is this? In order to take the
derivative of a function one looks at the slope of the tangent line to figure out the derivative, so
since the derivative of the anti-derivative of f{x) we would look at the slope of the antiderivative.
If the shape of the anti-derivative is always the same even when a constant (+C) 1s added than the

slope of the tangent line will not change and the derivative will remain the same, therefore there
is not only one anti-derivative for a function of fix).

For example, 3x* + 10x + 3 is graphed in red and the
antiderivative is x* + 5x% +3x + C when you use the power
rule to find the antiderivative. The +C is the constant that
translates the graph of the anti-derivative up and down but
as one can tell the graphs remain the same so the slopes of
the tangent lines are the same. When using winplot you
can hit derive after graphing the antiderivative and what
you will get is the graph represented in red, the derivative
of the antiderivative which was the function you began
with (3x* + 10x + 3). It is easier to see this problem in
winplot because one can tell that all of the derivatives, of
the antiderivatives with different constants, have the same
graph.

Reflection: T learned that the constant of an anti-derivative does not affect the graph of its
derivative. From this I learned that graphing equations makes it easier to understand concepts
rather than just reading about it or hearing about it because actually watching the derivatives of

my graphs have the same line solidified the concept in my mind. I found that when it comes to
derivatives I am more of a visual learner.
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Motivation: I looked at some of the practice problems in chapter 2.4 and realized that [ never
really understood how to apply derivatives to the real world such as in question 24 and one of the

Problem Statement: Suppos‘;})ilot is landing at O@e international airport in Chicago. We
assume the pilot applies the brakes at time zero (t ='09). Up to this time, the braking force is zero.
It takes T seconds to reach full braking force F, and after this time, the ful] braking force is
maintained. How would we describe the braking force as it transitions from zero to F?

Problem Solution: We could treat this question as if it were asking us to graph the plane’s
i] ng force. In this case we would plot (0,0) because at time O there was a force of 0, we
would also plot (T,F) because T would be our final time that is required to reach the full breaking

’rjp_rggf_.r The graph would look something like this:
/’///,,f T .
e
-G u_;_i?:
+ Lime U:\ T

will rernain constant until the plane stops so the derivative of that constant brake force is also 0).
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ORIGINAL PROBLEMS /,1 —

Original Problem 1

Motivation

We chose to do a problem involving the chain rule, product rule, and quotient rule because
we recently had a FunDay involving these rules. We looked at problem 8 from the FunDay
and based our original problem off of that. We also wrote this problem because we both

were having trouble understanding these types of problems and thought that by creating our
own, we would gain better understanding of the concepts.

Problem
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Solution

The correct answer is:

g @) @) + dg(Fa)hEI R @IkE)] - o @)h) )
“ K=p

Using the chain rule and then the product rule, the derivative of the numerator can be found.
First, use the the chain rule for each combination of functions in the numerator to get

lg (@) @ [eh(w) K (@) il [ wtast st vyt
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The product rule can then be used in the numerator to find the derivative
g (f)}f (2)h(z)* + 49(f (z))h(z)°H (z).

Lastly, use the quotient rule to find the derivative of the entire function. If done correctly,
the final result will be

lg'(f @) @h(z)* + 49(f (@) A(2)* K (2)][k(2)] — [g(F(x))A(z))[¥ (<))
(4) L

Discussion

The correct answer is (A).

When using the quotient rule, if the student accidentally added instead of subtracted, they
would choose answer (B).

Answer {C) could be chosen if a student incorrectly used the chain rule. If they found the
deriyative of g(f(z)) to be ¢'(f(z)) and the derivative of be 4h(z)3, ignoring the

45 )" B
@ hat is present with the
next\deriydtive, they would have wrong answers for those derive

extfa £'(x))that is present with the first derivative and ¢
wves. Then, after using the

product rule, they would get the derivative of the entire numerator to be

g (f(@)h(z)" + 4g(F(z))h(z).
After using the quotient rule, they would get answer (C), which is incorrect.
If the student mixed up the quotient rule and used the equation

&' (z)n(z) — n'(z)d(x)
(d(z))?

instead of
d{z)n'(z) — n(z)d' (z)
(d(z))? ’

they would select (D) as their answer.

Answer (E) could be found if a student saw the numerator of the original function g(f(z))h(z)*
as one term and first used the power rule to derive the numerator 4g(f(z))h(z)®. After find-
ing this derivative, if they used the quotient rule they would get answer (E)

[49(f (2))n()| k()] — [9(f (=) ()] [K'(z)]
k(z)?

Reflection

((21?
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Through the process of writing this original problem we learned that knowing the different
rules is imperative to answering these types of questions. If you get one rule wrong, whether
it is the quotient rule, product rule, or chain rule, it will alter your answer. Not only is it
important to know what the rules are, but we also learned that you have to know when to
apply them. It's easy to forget to apply one of the rules if more than one is required for the
problem. Having to come up with four different ways that a student could incorrectly solve
the problem allowed us to reflect upon our own work. It helped us to realize some possible
mistakes that we could make, so that in the future we will be less likely to make those errors.

Original Problem 2 'Wa&/‘ W ﬂ
Motivation ‘

We decided to base our problem off of implicit differentiation because we had Just learned
it in class and were having difficulties understanding the process. We thought that this
problem was a great way to improve skills with implicit differentiation, as well as to practice
basic algebra by analyzing different types of mistakes. This problem also recalls basic algebra.

skills by requiring the use of the point-slope equation, as well as knowing that the slopes of
perpendicular lines are opposite reciprocals.

/

Problem

For the implicit function 2* + 2xy 43 = 1, which of the following is the equation of the line
perpendicular to the tangent line at the point (1, —2)?

Solution

The correct answer is (B) y = 2z — 4. First, differentiate the function z3 + 2ry+y: =1 To
do this, derive both sides to get

”&W 32% + 2y(w) + 22y (z) + 2y(x)y/(z) = 0.

“3??
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This can be rearranged to get
, —(3z% + 2y)
y(z)= o2 20,
(2z + 2y)
After substituting the point (1, —2) into the derivative function

—(3(1)* + 2(~2))
(2(1) +2(-2)) ’

1
the result is —3 This gives the slope of the tangent line. We know that the slope of the line

perpendicular to the tangent line is the negative reciprocal of the slope of the tangent line,

80 it would be 2. Knowing this, we can use the point-slope equation with the points given
and the calculated slope

y—(=2)=2(z-1).
This yields the equation of the line y = 2z — 4.

Discussion

The correct answer is (B).

1 3
A student could get answer (A) y = ~3% - 3 if they used the calculated slope from the

derivative instead of taking the opposite reciprocal. The slope from the derivative is the slope
of the line tangent to the curve at the point (1, —2); to get the slope of the line perpendicular
to that line, the opposite reciprocal must be used.

If a student forgot to use the chain rule for the third term of the original function (y?), they
would get the equation of the derivative to be

oy —(32% +4y)
7l A e
Then, when substituting the point (1,~2) into the function, they would get the answer to

5 . . . . : .
be 5 After taking the opposite reciprocal of the slope and using the point-slope equation,

2
their equation for the line would be (C) y = —FT = % and this is incorrect.

5 9
To get answer (D) y = T2 student could have made the same mistake as in answer

(C), but forgot to take the opposite reciprocal of the slope and used the slope of the tangent
line instead.

'\ If a student forgot to take the derivative of the right side of the original implicit function,
| theydy;?uld get their derivative to be

L

\
W choret 7’ Airhectng !

1—3z% — 2y
’ ——
yie) = 2z + 2y

((4”
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After substituting the point (1, -2) into this incorrect derivative function, they would get a
slope of —1. After reciprocating it and using its opposite value in the point-slope equation
with the original point, they would get an equation of (E) y = x + 1.

Reflection

Originally, the choices for this problem included the words decreasing and increasing. How-
ever, we learned that we could not use these terms for the graph. As a result we changed
our problem to include ancther £28p nding the equation of a line that was perpendicular
to the tangent line at the point This added another aspect to our problem and also
eliminated the incorrect vocabulary. By writing this problem, we practiced implicit differen-

tiation. The practice has helped us feel more comfortable doing math problems that involve
implicit differentiation.
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