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Abstract: We study how different sections voted on the saet®f classroom voting
guestions in differential calculus, finding thativg patterns can be used to identify
some of the questions that have the most pedagalie. We use statistics to identify
three types of especially useful questions: (1)dBmtify good discussion questions, we
look for those which produce the greatest diversitsesponses, indicating that several
answers are regularly plausible to students. (8)id#ntify questions that regularly
provoke a common misconception, causing a majofistudents to vote for one
particular incorrect answer. When this is reveatethe students, they are usually quite
surprised that the majority is wrong, and theywa® curious to learn what they missed,
resulting in a powerful teachable moment. (3) &yking for questions where the
percentage of correct votes varies the most betwiesses, we can find checkpoint
guestions that provide effective formative assessmag to whether a class has mastered
a particular concept.
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1. INTRODUCTION

Classroom voting is a teaching method where theua®r poses a multiple choice
guestion to the class, then allows a few minutegidividual work and small group
discussions, before asking all students to indailguvote on the right answer, using
either a hand-held “clicker” or nontechnologicdbly raising hands or holding up index
cards of various colors (A =red, B = blue, et@fter the vote the instructor can select
students and ask those students to explain what/tited for and why, making sure that
the selected students represent the various answhesvote gives the instructor
immediate feedback as to the state of the studantgrstanding from each individual in
the class. More importantly, the vote requiresggengle student to play an active role,
to grapple with some mathematical issue, to distussa small group, and to register an
opinion. By “talking math” on a regular basis,dats learn to articulate mathematical
ideas, and to evaluate their peers’ mathematicalght processes.

There have been numerous studies about the ubes @éaching method in
various mathematics courses including college alggh 2], calculus [3, 7, 8, 10, 15,
16], multivariable calculus [7, 14], linear algelanad differential equations [4]. All of
these studies report how much students enjoyehishing method and how it can create
a positive and engaging learning environment. Haurtmany report increased student
attendance, as well as increased enthusiasm férematics and the development of
more mathematics majors. The most dramatic evelehpotential of this method
comes from a study conducted by the Cornell Good@ares Project which not only

demonstrates the effectiveness of classroom vadbmigalso provides important insight



into why this teaching method works, finding thitssroom voting had a significant
effect on student exam scores, but only if it wesdito motivate students to participate
in small-group discussions of each question [9, 13]

Two of us (Zullo and Cline) began using classroarting in calculus in the fall
of 2004, at Carroll College, a small liberal artstitution in Helena, Montana. We drew
guestions from the Cornell GoodQuestions Projeetfifém the questions that
accompany the Hughes-Hallettal. calculus text [11], and from questions that we
authored ourselves. As we became more experiengedsed classroom voting
regularly, integrating a few questions into alm®atry class period. We learned to not
use them at the end of class for assessment, teaspersed throughout the lesson, so that
we could teach the key points through the resulfiisgussions. Further, we became very
Socratic in the post-vote classroom discussioriBngan students by name to explain
their thinking, and then going on to another studgthout confirming or denying what
was said. Instead, we tried to get the class tiwamether to figure out the issues for
themselves, while we would act to focus the disomssn key points, and then clarify
and generalize results after the class had devglapensensus. We were consistently
impressed with the power of this teaching methoengage students and create a more
active learning environment, while at the same tatoelents reported that voting made

calculus class more enjoyable.

2. STUDYING CLASSROOM VOTING STATISTICS



The research we discuss here was prompted wherganltomparing how two sections
of calculus (taught by Cline and Zullo) performeadtbe same questions. We were using
an infrared clicker system that instantly tabulatezlresults of each vote, listing the
percentages of students who had voted for eachrop{Although the software can
identify individual student’s votes, this is nofeature that we used.) When we
compared notes after class, we found that sometineeesults were very consistent,
with similar percentages of students voting forshene options in both classes.
However, other times, the two classes would perfeeny differently, leading us to
discuss more specifically the reasons why this triigive occurred.

In general we found that for many questions, stimagprities of students voted
correctly, and the questions prompted relativetieldiscussion. Often the questions that
created the most fruitful discussions resulted arercomplex voting patterns. We
realized that past voting statistics could be usadentify some of the more productive
voting questions, and thus could be a useful td@mselecting questions to incorporate
into a lesson plan. As a result, we began recgrtlia voting statistics from each
guestion, with data collection starting in the f#2005 and continuing to the present.
After hearing a presentation about this projecthEjops joined our collaboration and
used this collection of questions in a summer 2¥¥&ion of applied calculus at the
University of Montana, contributing the resultingtsstics to the project. All questions
involved in this project are freely available thgbuour website [12], and all voting
statistics are incorporated into the teacher’sadinf these questions, which is available

upon e-mail request.
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Figure 1: Each point represents one of the 10%tres on differential calculus for
which we have data from at least five classes.th@rhorizontal axis we plot the average
percentage of students who voted correctly, anthewertical axis we plot the standard
deviation between the percentages of students wtaal\correctly in the different

classes. We have numbered the questions thatesenped in this paper.

We currently have a set of 192 questions on diffeaécalculus, and we have
past voting statistics to accompany most of thésehis analysis, we choose to study
only questions where we have statistics from atlBee classes, which limits the data

set to 101 questions. For each question we caduoithe average percentage of correct



votes across all classes, as well as the staneardtobn of correct vote percentages
across all classes. Figure 1 shows the standardti® of the percentage of students
who vote correctly on each question versus theageeof the percentage of students who
voted correctly. If we consider the entire segoéstions as a whole, the average
percentage of correct votes for each questionds, Gvith an average standard deviation
of 17%. Further, 37% of questions had an averdgeooe than 80% of students vote
correctly. This indicates that overall, studeetsd to do fairly well on most of these
guestions. We also see that in general, the eqestions tend to have lower standard
deviations, while the more difficult questions tenchave higher standard deviations.
When we look at the right side of Figure 1, whemeagerage the largest percentage of
students voted correctly, we find questions thadl t® be quick and easy practice
exercises. They may require only a minute befoeestudents have voted, and they
concern an essential subject, so they are oftexcteel by the instructor, with the
rationale that it is better for students to worlammples for themselves, rather than to
merely watch the instructor do them. However, ¢hgsestions contain little subtlety and
do not provoke substantial discussions, which isr@lthe real value lies. Thus we will
focus this paper on questions which we have foorzktof substantial pedagogical
value, which we have numbered in Figure 1. We ltggoeaped the questions into three
categories: questions producing the most diversgoreses (Questions 1 and 2, left
central in Figure 1), questions which attract lamgpgorities of students to vote for a
particular incorrect answer which we aallsconception magnets (Questions 3 and 4,
lower left in Figure 1), and questions producingéastandard deviations (Questions 5, 6,

and 7, upper left to upper right in Figure 1).



3. QUESTIONS PRODUCING THE MOST DIVERSE RESPONSES

The GoodQuestions study [9] indicates that thevote-peer-to-peer discussions are
essential for the success of classroom votingll Btudents agree on the answer, even
incorrectly, then we would expect that there wdutdess pre-vote discussion. Instead,
we would prefer that there be several plausibléoptthat different students can defend.
Thus, one way that we can use voting statisti¢sdk for the most useful questions is to
look for questions with the most diverse responatgre no option usually receives a
majority. We want to find questions where the vanaf the vote receives as small a
percentage as possible, where we define the wamtdre option receiving the most
votes, regardless of whether or not it is the aira@swer. Thus for each class that voted
on a question, we select the percentage that Yotdbe winner, and take the average of
these over all the classes. Then we look for thestions where this average is as small
as possible. These appear in Figure 1 as Quesdtiand 2.

The question with the smallest average winnermsifthe beginning of the term,
the first class period where we consider averagarastantaneous velocity. We begin
the class with a quick warm-up question, askingtwifarmation you would need in
order to calculate average velocity. After thetfguestion is resolved, we ask this
follow-up, based on a question that accompaniesitighes-Halletet al. calculus text

[11]:



Question 1.
The speedometer in my car is broken. In ordentd fy velocity at the
instant | hit a speed trap, | need
i. the total distance of the trip
ii. the time spent traveling
lii. the number of stops | made during the trip
iv. a friend with a stopwatch
v. aworking odometer
vi. none of the above
Select the best combination:
a. i, ii, &iii only
b. i&iionly
c. iv&vonly
d. vi

e. a combination that is not listed here



a) b) C) d) €
Class 1 5% 20% 5% 20% 35%
Class 2 4%  40% 36% 20% 0%
Class 3 5% 20% 30% 15% 20%
Class 4 0% 41% 7% 38% 14%
Class 5 0% 23% 62% 0% 8%
Class 6 5% 5% 26% 32% 32%
Class 7 0% 15% 70% 15% 0%
Avg. 3% 23% 34% 20% 16%

Table 1: Here we present the voting results framesfion 1 which was used in seven

different classes. The column in bold indicatesdbrrect answer.

These results are graphed and labeled as datalpwirigure 1. We see that on
average only 34% of students vote correctly, s®itha regularly challenging question.
However for this analysis we take the average efimning percentages from each class
(35%, 40%, 30%, 41%, 62%, 32%, and 70%) to find tina average winner gets 43% of
the vote, which is smaller than any other questioour collection. This statistic
identifies it as a good discussion question, andegperience confirms this.

It typically takes about 2 minutes for the studeotread, work through, and
discuss this question, before roughly 3/4 of tlesslhas registered a vote. We call for
the remaining students to finish up, and when titesare in, we display a graph

showing the class distribution. We begin the distan by selecting a student by name,
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asking this person what they voted for and whyn tip@ng on to two or three other
students, posing the same question. At this peéntry to provide no feedback to the
students as to whether their answers are correntorrect. Substantial numbers of
students vote for all options except (a), so whik guestion we will hear some
contrasting perspectives by surveying just a fewlests. It is often useful to take notes
of the key ideas, either correct ones or incoroeets, which are presented by students, in
order to clarify the discussion. Later, when tiezdssion is resolved, we go back and
explicitly cross out anything written on the boarhich is incorrect. When a student
defends a vote for (e), we ask what combinatiog theuld need to calculate the speed,
and write this on the board.

Usually a student who voted for (c), (d), or (el explain why (b) is incorrect in
the course of justifying their own vote, statingttkthis information could only give the
average velocity over the entire trip, rather tti@instantaneous velocity. If this doesn’t
come up naturally, we can specifically ask onenese students why (b) wouldn’t work.
Occasionally, a student voting for (b) will voluatdo defend this answer, pointing out
that it would work if you were driving at a constapeed for the whole trip. At this
point we confirm for the class that (b) is not @g@nswer, because we want a method
that would work no matter how you were driving.

The discussion between students voting for (c)thode voting for (d) and (e) is
more interesting. To bring the issues out mogy fitlcan be useful to ask students to
respond to each other’'s arguments: One studefdiagpvhy they voted for (c), the next
student explains why they voted for (d), and thenge back to the first student to ask

them something like “Do you disagree with that? atmakes you think differently?”
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This discussion does not usually resolve itselfaose these three answers are all
reasonable. After students have articulated tgepk@ts, we resolve the discussion by
stating that (c) is probably the best answer, beeavith an odometer and a stopwatch
you could measure the period of time that it tamkéavel a short distance and calculate
the velocity. However we acknowledge that (d) ég)dcan also be defended, because
even with option (c) we are still calculating areeage velocity, rather than a truly
instantaneous one. This ambiguity in the quesheans that we would never use it in
this form on an exam for assessment, but it makeguestion a very effective tool for
stimulating in-class discussion.

To build on the discussion, we point out that if nveasure the average velocity
over smaller intervals, it will become a better mpgmation of the true instantaneous
velocity, which brings us to the key idea behine derivative as a limit.

The question with the next lowest average winwoenes from the lesson on
second derivatives, also from [11]. This is a goesthat we ask at the end of the class
period, after we have already discussed the relsiip between the second derivative

and concavity, acceleration, and worked througlessd\other graphical questions.

Question 2:

In Star Trek: First Contact, Worf almost gets knocked into space by the
Borg. Assume he was knocked into space and higspacwas equipped
with thrusters. Worf fires his thrusters for 1 sedowhich produces a
constant acceleration in the positive directionthie next second he turns

off his thrusters. In the third second he firesthrsister producing a
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constant negative acceleration. The accelerati@nfasction of time is
given in Figure 2.31. Which of the following graptepresent his position

as a function of time?
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Figure 2: These graphs accompany Question 2, whigart of the collection published
in [11]. The figures show a graph of acceleratiersus time, and four possible

corresponding graphs of velocity versus time.
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a) b) o) d)

Class 1 459 0% 35% 20%

Class 2 139 0% 48% 39%

Class 3 4009 5% 40% 15%

Class 4 489 7% 7% 37%

Class 5 359 0% 41% 18%

Class 6 239 0% 54% 23%

Avg. 34% 2% 38% 25%

Table 2: Here we present the voting results frame<@ion 2. The column in bold

indicates the correct answer.

This question takes between 2 and 4 minutes fot stodents to register a vote.
Here we see that in only one of these classesmgidption receive a majority.
Significant numbers of students regularly vote(& (c), and (d), with the average
winner receiving 44% (averaging the largest pergmfrom each of the six classes,
45%, 48%, 40%, 48%, 41%, and 54%). Again, thimbrdistribution means that when
we call on three or four students, we will almaostiainly hear some contrasting
perspectives. If we have a substantial numbetuafenits voting for a particular option,
but we don’t happen to call on any students whedaohis way, we might ask for
volunteers: “Could someone who voted for (d) expthis choice?”

Students who vote for (c) or (d) will usually exiplavhy answer (a) indicates

confusion between the first derivative and the sdcaithout any prompting. This is
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often the first issue addressed in the discussiod we can confirm that (a) is incorrect.
This leaves us with students willing to defenddedl (d). This discussion often resolves
naturally, when a student voting for (c) points th&t a zero second derivative betwéeen
=1 andt = 2, means that the function should have no catycamnd be linear on this
interval. Similarly, students may point out thd} $hows positive concavity for 2,

when the acceleration should be negative. If tlkeseot come up clearly, we can
directly ask a student who voted for (c) why thieink option (d) is wrong, and usually
these points will come out.

It is interesting that few if any students everevtir (b), which shows zero
velocity for 1 <t < 2. This is probably because the concavitiesarersed with this
graph showing negative acceleration in the firttrval, and positive acceleration in the
third. It might be interesting to modify this amti, giving it the right concavities, and
then add option (e) “More than one of the abovepassible” as the correct answer, to

emphasize that we can have a nonzero first devevathile the second derivative is zero.

4. MISCONCEPTION MAGNETS

Another way in which classroom voting can produsery effective learning
environment is when the question provokes a mgjofistudents to vote for one
particular incorrect answer. When this is reveatethe students, they are usually quite
surprised that the majority is wrong, and theywa® curious to learn what they missed,
resulting in a powerful teachable moment. We ckemiify these misconception magnets

by taking each question, identifying the most paputcorrect answer, and calculating
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the average percentage of students voting fooghti®n. We can then look for the
guestions where the largest average percentadedsrds voted for the most popular
incorrect answer. When we search our data inithig we find that the two best
misconception magnets are also quite apparengw&il: These are the two questions
in the lower left of the plot, questions 3 and 4jat have the smallest average
percentage of correct votes as well as very lowdsted deviations.

Question 3 is from the class period on derivatafesigonometric functions,
which follows the period where students learnedpttoeluct rule. This particular
guestion is generally asked late in the perioardfte students have worked through
other voting questions, requiring them to takeddives of simpler trigonometrically

based functions, such &gx) = -3sinx, or asking for the 30derivative ofcosx.

Question 3:

If f(x)=sinxcosx, then f'(x)=
a. 1-2sin® x
b. 2cos’ x-1
C. COS2X

d. All of the above

e. None of the above

We have statistics from seven classes which voretthis question, ranging from

fall 2005, to fall 2007, which show that on averagdy 12% of students voted correctly,
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with a standard deviation of 8.3%. Also, the imeot votes overwhelmingly favor option

(e).

a) b) C) d) €

Class 1 109 0% 10% 10% 70%

Class 2 409 32% 8% 4% 16%

Class 3 3% 6% 6% 15% 70%
Class 4 4% 0% 11% 0% 85%
Class 5 0% 22% 0% 17% 61%
Class 6 0% 20% 0% 25% 55%
Class 7 0% 43% 0% 13% 44%
Avg. 8% 18% 5% 12% 57%

Table 3: Here we present the voting results fromegion 3. The column in bold

indicates the correct answer.

If this question was being used for assessmessethesults would be a disaster.
However, when used for teaching, this is an exotti@estion. Most students apply the
product rule in a straight-forward manner, gettifigx) = cos’ x —sin® x, which is not
among the options, and so a majority usually vlideg¢e). The post-vote discussion
often begins with a student explaining this reasgnbut then another student objects
that a calculator has indicated option (a) or (&) .this point the instructor may ask other
students to try this out on their calculators aodficm whether this is right. This often

produces considerable confusion among the studesitbey tend to think that both
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expressions can't be right. The instructor mayntgeph the functions or help the

students to algebraically work out the equivaleofcéhese functions. (a) and (b) are not

difficult, as they both follow from the identityin® x + cos’ x = . 1As a whole, this
guestion serves as an important reminder that thesebe many ways to analytically
represent a function, especially if it is composéttigonometric functions.

The other of these misconception magnets is ftwrornell GoodQuestions
project, and is on the topic of the Mean Value Teeo(MVT), which says that ffis a
continuous and differentiable function on somerwdag then at some point within that
interval the derivative of the function must be &lqo the average slope over the entire
interval. A theorem like this can often be vergtafict and difficult for students to
interpret, so we give them a tangible scenario,re/tigey already have substantial

intuition:

Question 4.
Two racers start a race at the same moment and finish in a tie. Which of the

following must be true?

a. At some point during the race the two racers were not tied.

b. The racers' speeds at the end of the race must have been exactly the
same.

c. The racers must have had the same speed at exactly the same time at

some point in the race.
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d. The racers had to have the same speed at some moment, but not

necessarily at exactly the same time.

The statistics on this question show only an ayeiE 15% voting correctly with
a standard deviation of 6.0%, while on average 8h&se answer (d). Students often
learn to be cautious about our use of definitivegleage in mathematics, which is
generally a good thing, but as a result they tengbte for weaker options like (d), afraid

that there may be unseen counterexamples to moregst worded options like (c).

a) b) 0 d)
Class 1 0% 10%| 25% | 65%
Class 2 04  0%| 8% | 92%
Class 3 54 5%| 10% | 80%
Class 4 294 0%| 14% | 82%
Class 5 04  0%| 17% | 83%
Class 6 0%  0%| 14% | 86%
Avg. 2%|  3%| 15% | 81%

Table 4: Here we present the voting results fromesion 4. The column in bold

indicates the correct answer.
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In the post-vote discussions of this question itssally clear that while most
students have some intuition, they cannot see bapply the MVT. Thus, after a few
opinions have been shared, it can be helpful tectiy ask the students how we can use
the MVT to analyze this scenario. This is usugliyte a puzzle, because the MVT
concerns a single function, its average slope nderivative, while here we have two
functions, each giving the position of one of thears, and we’re interested in when
these two derivatives are equal, not when theyqual to an average slope. It may be
necessary for the instructor to suggest that ouectfan could be the difference between
the two runner’s positions. We can then sketchseutral possible graphs for this
scenario, showing what happens if the racers gdythe whole time, or if different
racers lead at different times. Next, we may @as#ents to consider the meaning of the
derivative of this difference function. What daoemean when the slope of this function
is positive, negative, or zero? From this poinis & little more straight-forward, and
students can see that the average slope of thexathffe function must be zero, because
the racers begin and end in a tie, and furtherithia¢ derivative of the difference
function is zero, this means that the racers aneggat the same speed, and so the MVT
tells us that (c) must be true.

This question may require fifteen minutes of claesarn discussion or more, but in
the process we can work through the implicationthefMVT in great detail. This
guestion can be a powerful tool to motivate thegl#o pique student interest, and to
focus the resulting discussion. Questions like #ne very potent, because they connect
theoretical ideas with tangible situations, drawang the students’ intuitive ideas and

linking them to the general mathematical principles
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5. LARGE STANDARD DEVIATIONS

The questions along the top of Figure 1 also starid Questions with large standard
deviations sometimes indicate good checkpoint quest where some classes do very
well, while others do very poorly, allowing the ingtor to quickly assess whether the
class has mastered a particular concept. Howetlegr questions with large standard
deviations instead may indicate that a questiorbleas used in very different ways by
different instructors.

For example, the following question comes fromlikginning of the lesson

L 1
where we show that the derivativelo{x i3 —:
X

Question 5:

%In(t2 +1) is

a. 2tin(t? +1)

21



a) b) C) d)
Class 1 0% 84% 0% 16%
Class 2 109 80% 0% 10%
Class 3 4% 80% 0% 16%
Class 4 0% 88% 0% 12%
Class 5 0% 0% 50% 50%
Avg. 3% 66% 10% 21%

Table 5: Here we present the voting results frame<pion 5. The column in bold

indicates the correct answer.

We see that the question is remarkably consisietit,the exception of the results in
Class 5, which is what gives these results theektrgtandard deviation in our data set
(STD = 37%).The first four classes used this as a simple pracfuestion, to apply the
chain rule and the natural log rule in a straigittsfard context. However, in class 5, the
instructor used the question in a very differenywahis question was asked to open the
period, before the natural log rule had been ptesen class, with the expectation that
students should have read this section in thebiefdre coming to class. The students
referred to their text in class, worked togethed aettled for options (c) and (d). No one
voted correctly, but the post-vote discussion reagthat this was a very effective
teaching moment and, when prompted, the studemtklguealized that they needed to
apply the chain rule in conjunction with the natuog rule.

The question with the next largest standard dewigfrom [11]) does indeed

appear to serve as an effective checkpoint question
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Question 6:
Let f(x)=ax+b/x. Suppose a and b are positive. What happens to f(x) as a
increases?

a. The critical points move further apart.

b. The critical points move closer together.

a) b)

Class 1 49  96%

Class 2 0% 100%

Class 3 829 18%

Class 4 139 87%

Class 5 409 60%

Avg. 28%| 72%

Table 6: Here we present the voting results frame<pion 6. The column in bold

indicates the correct answer.

Although an average of 72% of students vote cdyrewie see that the percentage of
students voting correctly varies from 18% to 100%hva standard deviation of 34%.
Most of our students attempt this question withroation and the use of parameters,
which are two of the most challenging topics irfefiéntial calculus (although it could

also be analyzed geometrically). Students must éaflerivative, set it equal to zero,
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solve for the critical points, and interpret howstbxpression will be affected by changes
in a parameter, thus there are several places velnenes can be made which would cause
students to get the incorrect result. Thus thestpe gives the instructor feedback as to
whether students can perform and synthesize thegs.s

Another good checkpoint question is from the begig of the class period where

we first learn to use derivatives for optimization:

Question 7:

True or False: A local maximum of f only occurs at a point where f'(x) =0.

T) F)

Class 1 909 10%

Class 2 409 60%

Class 3 889 12%

Class 4 809 20%

Class 5 759 25%

Class 6 539 47%

Class 7 0% 100%

Avg. 61%| 39%

Table 7: Here we present the voting results frames@ion 7. The column in bold

indicates the correct answer.
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On average only 39% of students get this one rigith a standard deviation of 33%.
The votes on this question are probably so divieesause the question hinges on
whether students recognize that we may have a mamiat a point where the derivative
is undefined. Either this has already come ugasscdiscussions and been absorbed by

the students or it hasn't.

6. CONCLUSIONS

Classroom voting requires a substantial amountasisdime, with the votes and
discussions often occupying more than half of ax|@eriod. However, this is not time
lost. For the past several years we have covetactly the same material in our calculus
classes and given the same types of exams thaivieefibre we used classroom voting.
We did not eliminate any topics from our coursemtike room for voting. While in the
past we covered the topics through traditionaliextby working examples on the board,
and by asking questions of the class as a wholeg mecently we have learned to use the
voting to bring up these same issues. By positegvacarefully chosen multiple-choice
guestions and giving students the opportunity tokvileem out individually and then
discuss them in small groups, the students becoane mvested in the lesson, and more
curious to see how the particular issues are redolWhus voting tends to make the class
more focused, making class time more productivathier, we tend to do fewer
examples on the board, using voting to make theestis to work the examples out for
themselves. As aresult, the course can go aahme pace, teaching the same topics in a

more student-focused way.
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We have found that studying past voting statistans be a useful method for
identifying productive voting questions when prepgra lesson plan. Class time is
precious, and each voting question usually takesdsn 5 and 10 minutes from
beginning to end. Thus it is particularly impotttémchoose questions that will provoke
the richest discussions and raise significant ssseriously engaging the students before
the vote, and result in a post-vote discussionwulidbddress key goals of the class
period. Our experience is that generally, the toes where majorities of students
regularly vote incorrectly are more likely to praduthe most valuable classroom
discussions. When preparing a lesson plan, weweall of the relevant questions
available, selecting those that focus on the cktdpacs and giving preference to
guestions which regularly produce voting pattehat indicate a particularly diverse set
of responses, a question which effectively provakesmmon misconception, or one that
may serve as an effective checkpoint questionhigrraterial.

As a whole, we have found that when used thoudiifalassroom voting can
have several dramatic and positive effects. @més the students from passively
observing the class, and instead requires eacbmpérsngage in the material and to
actively participate in small group discussionisprbvides immediate feedback to both
the instructor and the students as to the studiws! of understanding. Voting is a
powerful springboard for creating class-wide disomss where students are highly
involved, because they have formed an opinion atheuturrent issue and they have
voted their opinion. This gives students a reafestn the discussion, which increases
their level of engagement enormously. Further,mtlassroom voting is used in this

way, we find that students have more fun, theyenjass more, and strongly prefer this
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teaching method, with our post-course surveys atthg that 74% would choose to take
a section of a mathematics course using votingerdttan one without [17]. By using
classroom voting, we create an environment wheretmgents find enjoyment and take
pleasure in working through substantial mathemaéissa result of which our students

learn in a deep and effective way.
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