Calculus Conversations
A 1999-2000 Car negie Scholar ship of Teaching & Learning
Project in Mathematics
Anita Sdem, Mathematics & Renee Michad, Psychology
June, 2000

Problem Background & Goalsof Investigation

During the past seven years we have made substantial changesto our three-semester
caculus sequence. We use avariety of teaching methods designed to promote self-
discovery of mathematical ideas and cooperation with other students. Despite these
changes, we continued to see Sgnificant evidence that students were unable to apply the
methods used in a practiced problem to anew stuation. All our efforts to reform
caculus had smply increased what learning theorist Robert Sternberg refersto as the
“book smart” intelligence of our students. [4] That is, we provided new and cregtive ways
for them to practice their skills, methods and procedures -- al necessary but unfortunately
insufficient for fostering a useful understanding of the materid. What wefaled to
provide is an environment that alows students to increase what Sternberg refersto as
ther “credtive inteligence’ (i.e, intelligence that alows us to use our knowledge to solve
new problemsin origind ways) or their “sreet smarts’ (i.e, inteligence that dlows usto
use common sense to find new drategies for solving problems.) [4]

“Prevaent school practices assume, more often than not, that knowledge is individua
and sdf-gructured, that concepts are absiract, relatively fixed, and unaffected by the
activity through which they are acquired and used, and that Just Plain Folk behavior
should be discouraged.”[2] In their work, Brown, Collins and Duguid compared problem-
solving approaches of Just Plain Folk, students and actud practitioners. They found that
Just Plain Folks and practitioners reasoned with casud stories, acting on Situations,
resolving emergent problems, producing negotiable meaning. On the other hand,
students reasoned with laws, acting on symbols, resolving well-defined problems,
producing fixed meaning. [2] The god of our project was to increase sudents conceptua
understanding of firgt principlesin caculus by cresting an activity where sudents could
practice solving problems using a Just Plain Folk gpproach.

Project Description

Using the tenets of Brown, Collins and Duguid, we set out to more clearly define
conditions that might support mathematical development of creetive intelligence and
dreet smarts. Anna Graeber, in atalk about what teachers should know about
mathematica ways of knowing given at the 1996 Internationd Conference on
Mathematical Education, stated that “thereis evidence that knowledge is more enduring
when it islearned in ameaningful context, through reasoning from relatively primitive
concepts, by explaining to others, and by reflecting on one' s own knowledge growth.”[3]

It isaround these smple ideas that we framed our Cal culus Conver sation activity.
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Inthefal of 1999, we supplemented the activitiesin our reform caculus courses
(lectures, computer labs, out- of-class projects, in-class collaborative group work, and
worksheets) with Calculus Conver sations, a web-based threaded discussion among
students.  In response to three problems posted to the website by the instructors, students
were encouraged to frame thoughtful questions and solutions of their own and to respond
to questions and solutions posed by others. The three problems (see Appendix Il for a
complete liging of the Cal culus Conver sation problems and related exam questions.),
posted at regular intervals throughout the semester, focused on ideas centrd to the mgjor
themes of the course. The solutions to the problems required minima calculation or
procedures and could be easily described in narrative form. To further encase the activity
inaJust Plain Folk atmosphere, once the problem was posed, instructors took a hands-off
approach. The on+line conversation was conducted entirely by the sudents.

To acquaint the sudents with Cal culus Conver sations we asked them to post an on
line introduction of themsdavesto the webgite. This web posting was followed by anin-
class "get acquainted” sesson where we provided information about what we hoped
would be accomplished through their participation in Calculus Conversations.  The
generd format for Cal culus Conver sations was to post a question and provide athree- to
five-day period for student-to-student interaction. On a set date, the website postings
were closed and an in-class conversation among the studentsin the presence of the
instructor took place. One student served as amoderator of the discussion and one
student served as arecorder. Thisin-class component of Calculus Conver sations alowed
students to bring in sketches or graphs of their ideas and gave them an opportunity to
explain their solutionsin greater depth. On the day following the in-class session, the
ingtructors provided feedback on the sudents conversation, which frequently consisted
of encasing their ideas in more forma mathematica terms. Our final check on student
learning related to the Cal culus Conver sations question was through an exam question.
Participation in Cal culus Conver sations was both required and graded.

Results

During the semester we collected the following datac actud student contributions to
the conversation captured on the website; sudent Cal culus Conver sations grades on each
problem (1 to 4 with 4 being the best score); and student graded responses to exam
questions conceptually related to the Cal culus Conver sation problem, but placed in an
unfamiliar context (recorded as a % of the totd possible).

The quantitative analysis of this project attempts to determine if student performance
on conceptua exam questions can be correated with the quality of their participation in
the web- based threaded discussion. The quditative anadyss examines the gpproaches
and language that students use to express their understandings and misunderstanding of
mathematical ideas, as well astheir abilitiesto read and respond to the questions and
solutions posed by their peers.

Quantitative Results
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The primary question of interest was whether the qudity of participation in the

Calculus Conversation activity was related to performance on a conceptually related but

contextualy varied exam question. Examination of those two variables becomes

important to understand the overall anadysis. Cdculus Conversation responses were

coded as high qudlity (responseis clear and well thought out, moves the conversation
forward -- 4), average qudity (response is understandable, keeps the conversation even --
3), low qudlity (responseis vague, confuses the conversation -- 2) or did not participate
(2). Table 1 showsthe overdl average performance for students on each of the Calculus
Conversation problems. The high averages are more indicative of instructor reluctance to
discourage participation than to actua contributions by students to the conversation. It is
important to mention that there was a noticegble difference in the distribution of grades

for the Calculus Conver sation activity by section (Appendix I11, Tables 10 ab,c) that
certainly clouds any conjectures drawn from the quantitative andyss.

Table 2 shows the average performance of dl students on each exam question

TABLE 1
Problem 1 Problem 2 Problem 3
3.65 3.53 3.45

conceptudly related to but contextudly varied from the Cal culus Conver sation problems.

TABLE 2
Exam 1 Question Average | Exam 2 Question Average Exam 3 Question Average
64.48 % 86.97 % 60.03 %

Table 3 shows the average exam question performance for students in each of the
Calculus Conversation scoring categories. For example, on problem 1 the related exam
question average was 43.40 % for students who received a grade of 3 on the Calculus
Conversation problem. Recall that students could score from 1 to 4 (where 4 was
highest) on each Cal culus Conversation problem. In genera one does see a pattern of
lower Cal culus Conver sation scores associated with lower grades on the related exam

guestion.
TABLE 3
Problem 1 Exam 1 | Problem 2 Exam 2 Problem 3 Exam 3
Question Question Question
1 25.00 % 1 83.00 % 1 52.80 %
2 -- 2 79.00 % 2 --
3 43.40 % 3 79.80 % 3 53.42 %
4 76.04 % 4 90.56 % 4 64.29 %
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A datigica examination of the relationship between the Cal culus Conversation
problem score and the related exam question issignificant (p < .01). Table 4 showsthe
results of a Pearson’s Product Moment Correlation for each set of relationships.

TABLE4
Calculus Exam 1 Question Exam 2 Quegtion Exam 3 Question
Conversation
Problem 1 420
Problem 2 .354
Problem 3 503

The results do show that a gatitical relationship exists between astudent’s
performance on the Cal culus Conver sation activity and performance on a conceptualy
related but contextudly varied exam question. While we were pleased to see that
participation in Calculus Conver sation correlated with performance on the related exam
guestions, we do not necessarily conclude that this relationship is causal. Not
surprisngly, we dso found a gatistically sgnificant relationship between students ACT
math scores and their performance on the related exam questions. However, we do note
that prior to the insertion of the Cal culus Conver sation activity, average exam scores on
questions that were conceptually related to the materid being studied, but contextualy
varied from practiced problems had ranged from 25% to 50 %. Thisat least leads usto
conjecture that the Cal culus Conver sation activity may enhance sudents abilitiesto
trandfer information learned in one context to a new setting.

We dso asked if the relationship between the activity and performance was stronger
or weaker in certain populations. Analysis of the data did not alow us to draw many
generdizations for performances subdivided by course section, by gender, by high school
versus college students, or for firgt-time ca culus sudents versus those who were
repedting it after having dready taken the course in high school. For a complete
discussion of findings for these populations see Appendix I11.

Qualitative Analysis

A quditative analyss of responses to the web-based Cal culus Conver sation problems
was conducted to examine how students addressed and attempted to solve the proposed
problems. Thistype of andyssis done when dataare in a narrative form and dlowed us
to categorize responsesinto four groups, each representing a skill necessary to correctly
anayze the problem. To ensure that the categories devel oped were clearly defined,
comparisons were made between two readers classfication of the sudent responses.
Checking for inter-rater religbility is akey agpect of any analyss of text materid. [1] In
this case, instances of agreement and disagreement were recorded with the total percent
agreements shown in Appendix IV, Tables 11ab,c. The tables show that the percent
agreements do vary, but al are over 50% with some agreements well over 80%.
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Responses were categorized as. (P or P-) focus of response was on technica or
practica issues such as graphing, collection of data, or modeling and interpretation of
data; (C or C-) focus of response was on conceptud issues of the problem through
introduction of anew idea, proposed solution, or proposal of a question that spoke to key
idess, (I or I-) intercommunication where responses indicated a student had read and
attempted to address an earlier response; (L+ or L-) language and grammar issues that
either made a response very clear or dternatively, incomprehensible; and, (Q) response
posed a non-rhetoricad question. The minus (-) designation was used to indicate that the
response confused rather than helped the conversation.  Responses could, and often did,
receive more than one categorical index.

To illugtrate the indexing of responses, in problem 3 the students were asked to
andyze the toxic dumping activity of two companies and determine which, if either, was
the better environmentd citizen. Completing the problem involved mathemeticdly
undergtanding the relationship between the rate at which toxins are dumped into alake
and the tota amount of toxin that is accumulated in the lake as a result of the dumping.
Most of the responses to this problem (as well as problems 1 and 2) tended to focus on
practica issues.

A typical practica response:

“Since we are deding with GRAPHS, let me add something.. | think that the most
logical way to starting is to define what the graphs will ook like. On the
dependent axis (the bottom one), will be time. On the independent axis (the left
one) will bethe TOTAL waste pumped into the river (isit ariver? | think o).
Because it isTOTAL, the graphs will never have anegative dope. Whatever you
do to lessen your output of waste, you are dill going to have the amount of waste
you had in the padt... So the graph will not go down. It islikethe AIDS project..
That it was the total number of cases.. the best thing one could hope for was for
the graph to levd off.. so those are my two cents for now.” (IN)

A typica conceptua response:

“Although both companies reduced the amount of toxins they were dumping by
30%, the nuclear power plant increased the amount of toxins dumped before
decreasing it, while Krusty’s only decreased the output of toxins.

For example, say that at firg they were both dumping at 20 gallons per day (|
have no ideaif thisisredigtic or not). Then Krusty Burger worked for 12 months
to decrease the amount of toxins dumped to 14 gallons per day (a 30% decrease).
The nuclear power plant, however, increased their dumping during that period,
and dthough they to decreased to 14 gdlons per day, if you looked at the total
amount of toxins dumped theirs would be more than Krusty Burger's. Therefore
Krusty Burger is doing a better job at helping the environment.” (BA)
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A portion of aresponse that indicates that a student read, understood and was
attempting to reply to a particular student:

“I would like to mainly respond to Jeff’s comment that the dope of the Krusty
Burger’s dope would be the samefrom t=0to t =12. It was stated in the problem
that the pollution reduction rate was continualy reduced until it reached 30%, but
that does not mean that the rate of change was constant, and therefore the dopes
a dl timeswould not be the same. “ (SP)

A response that poses questions for other students:

“I think we need more info for this question. For example, when the Nuclear
Power Plant went off track, where were the two companies in terms with reaching
their goa? Were both of them aready a 30% or were they some wherein the
middle? When did the Krusty Burger reach 30%? Did they end up reaching the
god at the sametime? | do not totaly understand this. If anyone ese read
something | missed please inform me.” (AP)

Lised in tables 5a, 5b and 5c¢ are the distribution of response categories given asa
percent of the total number of responses within each section. Evidence in these tables
indicates that sudents clearly prefer practical approachesto problem solving. This
supports the clam by Brown, Collins and Duguid that students reason with laws,
acting on symbols, looking for fixed meaning. [2] However, arriving & complete
solutions to the problems required finding casud, transferable meaning in known
laws and definitions. The observed pattern for each problem showed that responses
spiraled inward converging toward a correct solution. Early responses on the outer
edge of the spird were amost completely practicd in nature. Later reponses were
more likely to weave together the practical aspects of the solutions with thelr
conceptud counterparts. It isinteresting to note that in dl three sections on dl three
problems, the students never completely solved the problem on-line. They hovered
just dightly above the solution but were unable to land comfortably on aresponse that
they could build consensusaround.  Language extremes observed in problem 1
were amost non-existent by problems 2 and 3. It is our conjecture that the students
formed language normsin problem 1 that were used in subsequent problems.
Interaction among the students in the on-line conversation is clearly section
dependent. The ingtructor in Section 1 provided a neutrd introduction to the activity,
made the announcement that a problem had been posted once, and subsequently gave
every sudent full credit if they weighed-in. (Appendix I11, Tables 10 ab,c)
Ingtructorsin Sections 2 and 3 provided an enthusiastic introduction to the activity,
prompted students regularly to weigh-in early and often, and had awider distribution
of grades. (Appendix |11, Tables10 ab,c) Itisnot surprising that interaction among
the students appears to depend heavily on both explicit and implicit messages given
by the ingtructor.

TABLE 5a



Calculus Conversations

Problem 1
Category | Section 1 Section 2 Section 3
25 Students 21 Students 16 Students
28 Responses | 39 Responses 20 Responses
% of % of % of
Responses Responses Responses
Por P- 75 % 95 % 85 %
Cor C- 68 % 21 % 45 %
lorl- 18 % 64 % 55 %
L+orL- 18 % 26 % 15%
Q 11 % 28% 0%
TABLE 5b
Problem 2
Category | Section 1 Section 2 Section 3
25 Students 21 Students 16 Students
26 Responses | 24 Responses 25 Responses
% of % of % of
Responses Responses Responses
P or P- 85 % 79 % 60 %
CorC- 15% 33 % 36 %
lorl- 4% 58 % 52 %
L+orL- 0% 12 % 16 %
Q 4% 8 % 32 %
TABLE 5¢
Problem 3
Category | Section 1 Section 2 Section 3
25 Students 21 Students 16 Students
25 Responses | 27 Responses 15 Responses
% of % of % of
Responses Responses Responses
P or P- 88 % 70 % 67 %
CorC- 68 % 37 % 60 %
lorl- 12 % 56 % 54 %
L+orL- 0% 4% 7%
Q 8% 15 % 27 %
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Discussion

Following the on-line student-to-student conversation was like watching students
formulate menta rough drafts of their understanding and their misunderstanding.
According to Graeber, "one needs to understand students current knowledge if one wants
to amend or extend what they know.” [3] While admitting that the quantitative and
quditative andlyss of this project produced results that were informative, of most interest
and vaue to the ingructors was the window that this activity provided into how students
think about solutions to problems. We found that students spend an inordinate amount of
time mucking around in the details of a problem. Thisis neither surprising nor bad. What
was surprising to the ingtructors -- and paralyzing for the students -- was their inability to
rise above the details of the problems. They also played € aborate word matching games,
trying to conjure up definitions and examples of practice problems that contained key
terms found in the stated problem. When student N writes .. .the graph will never go
down. Itislikethe AIDS project. That it was the total number of cases” heis
attempting to find meaning in the stated problem that asks students to think about total
pollutants given information about the rate of pollution from a problem done much earlier
in the term that asked students to think about the growth rate of AIDS given the
cumulative total number of AIDS cases over aperiod of time. Making thislink helped
him to visudize the graph of pollutant totals but he was unable to make the crestive leap
from seaing the graph to understanding what it tells him about the Stuation. The most
dartling observation was the lack of confidence that sudents have in themselves and
each other. In two of the three problems, there was an early, elegantly written solution
that was totally ignored by the rest of the class. The author of the response, unsure of her
own work, did not bother to weigh in when othersin the class posed incorrect solutions.
Thislack of confidence, both in themselves and their classmates, made forming
consensus an impossible task.

The on-line conversation was dso aterrific preparatory exercise for thein-class
discussonsthat followed. Thiswas clearly an unanticipated benefit. Because they had
been actively engaged in a collaborative effort, the sudents were prepared for the in-class
conversations that followed the on-line activity. Most sudents, having suffered through
the often confusing thoughts of their classmates, wanted clarification. Our supposition
was that motivating them to want a clear resolution of the problems would enhance their
understanding of the concepts. The result of their performances on conceptua exam
questions (see Table 2) clearly indicates that this was not always the case.

Implementing a web-based student-to-student discusson is a very economic way to
learn what students know and what they don’t know about a particular mathematical idea.
Because the forum is so public, most sudents fed pressured to think carefully before
posting their ideas. For the ingtructor, watching the conversation unfold provides
interesting moments of reflection about sudents understandings and misunderstandings.
Grading the student responses to the Cal culus Conver sation problem was very sraight
forward and took very littletime.  Findly, usng web-based discussonsin this mamer
makes capturing student work for study at alater date effortless.
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If the enterprise we call the scholarship of teaching and learning is, at its core, about
creating and studying Strategies that provide ingght to sudent learning, then | believe this
project is on the right track, but with many milesto go. Inthisfirgt attempt to provide
students with an opportunity to deepen their understanding of caculus, the ingtructors
were the ones whose understanding was enhanced. Following ayear of intensive work
on this problem, we are now poised to improve the Cal culus Conversation activity, to
frame better questions (Can the nature of a problem prompt students to be more practical
or more conceptual? Do students get better at solving the problems? Do they get better
a expressing their ideas mathematicaly?) and to design a better sudy. In partid answer
to Lee Shulman’s question, thisis a case of an attempt to improve students' conceptua
understanding of fundamentd ideasin calculus that resulted in improved teacher
understanding of what students know and don’t know about key conceptsin calculus.
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Appendix | - Website Access:
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To accessthe Cdculus | (Differentid Cdculus) website go to:
http://webct.rockhurst.edu, Course Ligtings, Archive & Development, Calculus
Conversations. Guest user 1D ia 2000 and password is*password’.  Onceyou arein the
website, select Bulletin Board and you may look at the following forums: MT180 A
archive, MT180 B archive and MT180 C archive

Appendix || —General Instructions, Complete Problem Listing & Related Exam
Quedtions

General Instructions to the Sudents

Remember that our purpose in thinking about this question isto help us (asacdculus
learning community) better understand the essentia conceptsin calculus. Surprisingly,
there are not many essentid ideasin caculus o it isimportant that we al congtruct
correct and meaningful understandings of what they are and how they work. Centra to
Cdculus| isthe notion of afunction. Thisfirst question asks you to think about some
particular functions.

Our god, asaclass, isto arrive a a correct and thoroughly explained answer to the
posed question. Individualy your goad should be to move the conversation, and our
collective understanding forward. Y our response to this question may take a variety of
forms. Y ou may want to suggest an answer to the question. 'Y ou may warnt to offer a
clarification of the meaning of a particular term or phrase. 'Y ou may want to pose a
thoughtful question whose ansver might help you think about the origind questionin a
different way. Y ou may want to reply (with a question, correction, clarification or
elaboration) to aresponse from another classmate. Y ou may want to pose an interesting
problem that bears some relationship to the origind question. After reading the responses
of your classmates, you may want to formulate a succinct synopsis. Regardless of the
form it takes, your response should be clearly explained. Remember, you are writing to
your classmates and you want your response to further their understanding.

In order to keep the conversation organized, we ask that you be very careful about
threading your responses appropriately. If you are responding to the original question,
click on ingructor and reply. If, however, you are responding to a particular student,
click on that student's response and reply. NEVER SELECT THE COMPOSE BUTTON
IN THE MENU.

Y ou are required to respond and your responses will be graded as high quality
(responseis clear & well thought out, moves the conversation forward - 20/20), average
quality (response is understandable, keeps the conversation even - 15/20), low qudity
(response is vague, confuses the conversation - 10/20) or did not participate (0/20). High
quaity responses comein avariety of forms. Of course, we would like to see you answer
the origind question. However, we are aso looking for good questions that emanate
from the origina question. Y ou are welcome to respond more than once and your grade
will be determined by the total contribution that you make to the find solution of the

10
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question. It goeswithout saying that al responses should be respectful of the ideas of
others.

Instructions for Sudent Introductions

Thiswebsteis shared by studentsin Caculus | (Sections A, B, C), Cdculus|l and
CaculusllIl. Its primary purpose isto alow you to become involved in the community of
caculus learners. Caculus Conversations is a place where you can ask questions or pose
new problems. It is aso a place where you can help answer questions and problems posed
by your classmates. Together, we will work on categorizing the questions and problems,
restating them in dear mathematicd terms, and we will suggest srategies for finding
solutions. In asmall, but important way we will be working together towards a deeper
understanding of how mathematical ideas can help us ask and answer interesting and
important questions. To help us get to know each other better, we ask that you each reply
to this message by posting a brief introduction of yoursdlf. Let us know alittle about why
you are taking caculus, and share with us afew persond facts where are you from? any
hobbies? what do you want to be when you grow up? etc. Postings are DUE by classtime
Friday, September 10th.

Calculus Conversation Problem 1 (Author: Tom Banchof)

Has there ever been atimein your life when your height in inches has equaed your
weight in pounds? Mathematicaly explain your answer.

Exam Quegtion Related to Problem 1

Let f(x) and g(x) be functions defined ontheintervd a <= x <= b. Additiondly
suppose that f(a) < g(b). Sketch the graphs of f(x) and g(x) on theinterva [a,b] so that at
al vduesof ¢ between a and b, f(c) isnot equd to g(c). (i.e., f and g do not cross). What
condition must hold in order to guarantee that f(x) = g(x) for some vaue of x between a
and b?

Calculus Conversation Problem 2

In the Jesuit spirit of becoming men and women for others, you have decided to take
part in a5-mile charity walk. You aretold that refreshments will be handed out to dl
volunteer walkers asthey passthe 2.5-mile marker. Y ou decide to walk at a constant
speed of 3 miles per hour, and to pass the time you also decide to track your distance
from the 2.5-mile marker during the entirewalk. (Note that whether the 2.5 mile marker
is ahead of you or behind you, your distance from the marker is to be considered
non-negative.) At the INSTANT you pass by the 2.5-mile marker, what can you say
about the rate a which your distance from the marker is changing relive to time?

Exam Question Related to Problem 2
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Suppose that you are given the formulafor afunction f(t) and you have no idea how to
cdculate the derivative, f' (t). Describe how you could obtain a good approximation for
the ingtantaneous rate of change of f(t) a t=5. Assume that you have available some
technology which gives you full graphing and computing capatilities but not the ability
to caculate derivatives. Please describe the process completely and in adequate detail.

Calculus Conversation Problem 3

Two industries, the Springfield Nuclear Power Plant and the Krusty Brand Burger
Company, are being charged by the Environmenta Protection Agency (EPA) with
dumping unacceptable levels of toxic pollutants into Springfield Lake. Both indudtries are
currently dumping toxic pollutants into the lake at the same rate. In order to meet EPA
compliance standards, over the next twelve months both industries must reduce the rate at
which they are dumping toxic pollutants in the lake by 30%. The presidents of
Springfidld Nuclear Power Plant and Krusty Brand Burger hire a Single engineering firm
to develop a compliance plan acceptable to both companies. The plan maps out a specific
schedule of continua reduction in the toxic dumping rate over the entire twelvemonth
period ending in the required 30% reduction in the dumping rate as specified by the EPA.
The Krusty Brand Burger Company follows the plan as outlined by the engineering firm.
The Springfield Nuclear Power Plant manages to stay on plan for the first three months.
Because of equipment breskdowns and delays in getting replacement parts, during the
next three months the reduction rate achieved during the first three monthsis reversed,
and at the end of the first Sx-months, the Springfield Nuclear Power Plant dumping rate
is back to where it was in the beginning. Once the equipment is repaired, the industry
uses extra resources to continualy reduce the dumping rate, and over the remaining Six
months the company manages to meet the30% reduction in the dumping rate set by the
EPA. COMPLETELY DESCRIBE the graphs of each company'sindividual contribution
to thetotd levd of toxic pollutants in the lake as a function of time over the twelve-
month EPA observation. Has ether industry been a better environmentd citizen?
Mathematicaly explain your answer.

Exam Quedtion Related to Problem 3

Congder a bacteria population whose birth rate changes in the following ways during
atwenty-hour period:

The birth remains nonnegative (i.e., positive or zero) during the entire twenty
hour period.

The birth rate begins the twenty- hour period a a postive value.

During the firg five hours, the birth rate continually increases and reaches a
maximum velue at the end of five hours

During the next fifteen hours, the birth rate continually decreases, reaching a
levd of zero right at the end of the twenty-hour period.

The graph of the birthrate as a function of time in hours is shown below for this twenty
hour period. The birth rate isin given in births per hour.
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birth rate (births per hour)

— tine(hours)
20

Explain what the birth rate curve tells you about the total number of individuas born
(during the twenty-hour period) by timet. Does the graph of the total number born by
time t have an inflection point during the twenty-hour period? If so, a what time (within
the twenty-hour period) doesit occur? Sketch the graph of the total number of
individuas born (during the twenty-hour period) by timet.

13
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Appendix Il - Quantitative Analysisfor Specific Populations

Tables 7 a, b, and ¢ show the average scores of students on the Exam Question by

activity score and by gender.
TABLE 7a
Calculus Conversation | Mean N Standard
Grade on Problem 1 Deviation
Mde 0.00 1
1 Femde 33.33 3 28.87
Mde
2 Femde
Mde 52.83 6 52.04
3 Femde 29.25 4 15.75
Mde 59.61 26 38.01
4 Femde 78.17 36 25.97
TABLE 7b
Calculus Conversation | Mean N Standard
Grade on Problem 2 Deviation
Mde 83.00 2 .00
1 Femde -- -- --
Mde -- -- --
2 Femde 79.00 4 8.00
Mde 81.22 9 5.33
3 Femde 77.67 6 17.11
Made 92.13 15 10.71
4 Femde 89.65 26 11.62
TABLE 7c
Calculus Conversation | Mean N Standard
Grade on Problem 3 Deviation
Mde 53.50 4 37.12
1 Femde 50.00 1
Mde -- -- --
2 Femde -- -- --
Mde 57.87 8 34.69
3 Femde 50.18 11 29.54
Mde 62.71 14 22.87
4 Femde 65.21 24 25.27

14
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Tables 8 a b, and c show the average score of students on the Exam Question by
activity score and their status as a High School or College student.

TABLE 8a
Calculus Conversation | Mean N Standard
Grade on Problem 1 Deviation
College .00 2 .00
1 High Schoal 50.00 2 .00
College -- -- --
2 High School -- -- --
College 43.40 10 41.66
3 High School -- -- --
College 73.49 39 34.12
4 High School 87.11 9 19.95
TABLE 8b
Calculus Conversation | Mean N Standard
Grade on Problem 2 Deviation
College 83.00 2 .00
1 High School -- -- --
College 79.00 4 8.00
2 High School -- -- --
College 79.8 15 11.14
3 High School -- -- --
College 90.47 30 11.32
4 High School 90.82 11 11.48
TABLE 8c
Calculus Conversation | Mean N Standard
Grade on Problem 3 Devidtion
College 52.80 5 32.18
1 High School -- -- --
College -- -- --
2 High School -- -- --
College 53.42 19 3111
3 High School -- -- --
College 60.81 27 25.10
4 High School 72.82 11 20.09

Tables 9 a b, and ¢ show the average score of students on the Exam Question by
activity score and their atus as afirgt time Caculus student or as arepeating student. A
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repeating student is one who has typicaly taken Caculus in High School and is repesating
the experience & the college leve.

TABLE 9a
Calculus Conversation | Mean | N Standard
Grade on Problem 1 Deviation
Firg-time 33.33 3 28.87
1 Repesater .00 1 --
Firg-time -- -- --
2 Repeater -- -- --
Firg-time 52.12 8 42.14
3 Repeater 8.5 2 12.02
Firs-time 76.55 27 28.93
4 Repeater 73.38 21 36.75
TABLE 9
Calculus Conversation | Mean N Standard
Grade on Problem 2 Deviation
Firg-time 83.00 1 --
1 Repeater 83.00 1 --
Firs-time 79.00 4 8.00
2 Repeater -- -- --
Firg-time 77.55 9 11.61
3 Repeater 83.17 6 10.44
Firg-time 88.79 24 11.69
4 Repeater 93.06 17 10.35
TABLE 9c
Calculus Conversation | Mean | N Standard
Grade on Problem 1 Deviation
Firg-time 53.50 4 37.11
1 Repeater 50.00 1 --
Firg-time -- -- --
2 Repeater -- -- --
Firg-time 51.07 13 30.37
3 Repeater 58.50 6 35.01
Firg-time 59.67 21 22.72
4 Repeater 70.00 17 25.27

Tables 10 a, b, and ¢ show the distribution of Calculus Conver sation scores by section.

TABLE 10a
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Coded Calculus Conversation Activity Score for Question 1

Coded Calculus Conversation Activity Score for Question 2

Section | Problem Problem Problem Problem
Grade=1 | Grade=2 Grade=3 Grade=4
1 4 21
2 3 18
3 7 9
TABLE 10b

Section Problem Problem Problem Problem
Grade=1 | Grade=2 | Grade=3 Grade=4
1 25
2 6 13
3 4 9 3
TABLE 10c

Coded Calculus Conversation Activity Score for Question 3

Section Problem Problem Problem Problem
Grade=1 | Grade=2 | Grade=3 Grade=4
1 3 22
2 8 13
3 2 11 3

17

One can see that the distribution of scores does vary by section, especidly in the percent
of the class recaiving the highest score for the Cal culus Conver sation ectivity.

Appendix IV - Role of Reliability in Qualitative Analysis

Tables 11a,b,c show the content andysis of the quditative data indicating inter-rater

reliabilites. (P = practical issue, C = conceptud issue, L = language skill | =

intercommunication , Q = question )

TABLE 11a
Calculus Conversation Problem 1
P C L | Q
CLASSA 7% 77 82 64 90
(PS
CLASSB 65 65 90 80 90
(AS)




Calculus Conversations

18

CLASSC 57 75 86 96 93
(IK)
OVERALL 68 74 85 78 91
TABLE 11b
Cdculus Conversation Problem 2
P C L I Q
CLASSA 67% 58 92 75 96
(PS
CLASSB 80 76 88 84 84
(AS)
CLASSC 73 88 100 100 96
(IK)
OVERALL 73 75 93 87 95
TABLE 11c
Cdculus Conversation Problem 3
P C L I Q
CLASSA 52% 63 96 81 100
(PS
CLASSB 67 60 93 93 93
(AS)
CLASSC 68 52 100 100 96
(IK)
OVERALL 61 58 97 91 97




