The Texas Education Agency’s

Lighthouse Initiative for
Mathematics Classrooms

Texas Essential Knowledge and Skills (TEKS)
and the

Advanced Placement Program*

Why a lighthouse? In the summer of 2001, a document was produced to help teachers in grades
7-12 understand how the Texas Essential Knowledge and Skills (TEKS) for English/language arts
and reading aligned with Advanced Placement Program* English objectives. Being the creative
people that they are, the English teachers chose a lighthouse as a metaphor for their project.

The great beacon at the top of the lighthouse should make safe the navigation of
ships to their appointed harbors. —Unknown

Just as a lighthouse must sit on bedrock, the TEKS for mathematics form the foundation for
curriculum, instruction, and assessment in Texas mathematics classrooms. The classroom
curriculum should provide students with a challenging framework of lessons designed to help them
"navigate" important, often difficult, material.

The Lighthouse Initiative for Mathematics Classrooms was created by teachers for teachers to
help plan and coordinate mathematics Pre-AP* programs. The goal of the Lighthouse Initiative is to
enable students from all walks of life to participate in AP* classes, thus lighting the way for future
academic success.

Please note: This Web site was updated in fall 2007 to reflect the revisions to the
mathematics TEKS.
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Background

Please follow these links to learn a little more about how the Lighthouse program got started in the
realm of mathematics.

e |ntroduction to the Lighthouse Initiative for Mathematics Classrooms
e The Goals of the Pre-AP* Mathematics Program

The Role of Middle School in the AP* Program

The Growth of the AP* Program in Mathematics in Texas

The IB Programme and the TEKS

AP* Statistics: Providing Students Another Opportunity for Excellence

L[]
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Introduction to the Lighthouse Initiative for
Mathematics Classrooms

One day in the summer of 2001, | was sitting at my computer when | got a phone call from
someone at the Texas Education Agency. She told me about a document that had been produced
to show how the English/language arts and reading TEKS for grades 7-12 were aligned to
Pre-AP* objectives and asked if | was interested in working on a similar project for the
mathematics TEKS. | was impressed with the document that the English folks had produced and
with teachers' response to it. As an AP* teacher for over a decade, | have a strong belief in the
power of the AP program to transform students' lives and open up educational opportunities for
them. | am also a big believer in the necessity of a well-planned and coordinated Pre-AP program
to enable students from all walks of life to participate in AP classes, if they choose to do so. |
knew that producing this document would be a monumental responsibility, but for some reason,
agreed to the task.

The first and smartest thing that | have ever done was in convincing/cajoling the people whose
names you see in the contacts section to agree to work on it with me. They come from districts all
over Texas, teach students from a wide variety of backgrounds and from various grade levels, and
have different experiences with the AP program. What they have in common are a strong content
background in mathematics and a commitment to opening up the pipeline to advanced
mathematics for all Texas students. At our first meeting, we agreed that there were as many ways
to build an effective Pre-AP mathematics program as there are districts in Texas. This document
does not attempt to prescribe a Pre-AP course description or to dictate to teachers how they
should teach their classes. It is intended to provide teachers with some guidelines and ideas about
how they can address the TEKS while simultaneously introducing the skills, concepts, and work
habits necessary for success in AP mathematics classes. On this site, you will find a set of goals
that the Mathematics Lighthouse committee agreed all effective Pre-AP mathematics programs
would have in common. We also generated a list of things that ARE NOT indicative of a good
Pre-AP program:

e Pre-AP mathematics classes are not merely re-named honors classes. Much of what you
see on this website can be used with students in a regular program. Our purpose is not to
"honor" anyone but to open up opportunities for as many students as possible.

e Pre-AP mathematics classes do not just teach the same old things one year earlier. Pre-AP
is not just about accelerating students or topics. It is about teaching with a particular goal in
mind and making instructional decisions that will support that goal.

We hope that you will find this Web site useful. The process of producing it certainly had a
profound effect on all of those who served on the committee. We understand how important the
Pre-AP program is and how daunting it is to get started on something like this. At the same time,
we are excited by what we have learned. Since there are so many places where Pre-AP is
achieving its goal of providing access to advanced mathematics for more students, we are
confident that it can be done in classrooms throughout Texas, that it can be done by us, and that it
can be done by you.

Dixie Ross
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The Goals of the Pre-AP* Mathematics Program

Pre-AP* mathematics classes should do the following:

e Prepare growing numbers of students, especially those traditionally underrepresented in
AP* courses, for the challenges offered by the Advanced Placement Program*

o |ntroduce skills, concepts and assessment methods to prepare students for success in AP
and other challenging courses

e Require students to work with functions represented in a variety of ways (graphical,
numerical, analytical, or verbal) and understand the connections among these
representations

e Encourage students to develop their communication skills in mathematics to be able to read
and interpret problem situations and explain solutions to problems both orally and in
well-written sentences

e Provide students with multiple opportunities to model a written description of a physical
situation with a function or to determine appropriate functions to match data sets that they
are given or that they develop through experimentation or research

e Make regular use of technology to help solve problems, experiment, interpret results, and
verify conclusions

e Require students to determine the reasonableness of their solutions, including sign, size,
relative accuracy, and units of measurement

¢ Help students to develop an appreciation of mathematics as a coherent body of knowledge
and as a human accomplishment

e Be a part of a well-planned and coherent curriculum so that teachers can build upon
knowledge and skills that students have acquired in previous courses and can prepare
students for subsequent courses

e Allow students to develop the work ethic and habits of mind that are necessary for success
in the Advanced Placement Program and in other challenging mathematics programs

Many of these goals have been adapted from The Teacher's Guide to AP Calculus and the
Pre-AP brochure from the College Board.
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The Role of Middle School in the Advanced
Placement Program*

Sometimes | wonder who is more challenged in the Pre-AP* mathematics program—the teacher or
the students. The Pre-AP mathematics program begins in middle school and targets students who
are ready for a more rigorous curriculum than is normally taught. The Pre-AP courses these
students take should prepare them for the subsequent high school courses that lead to AP*
Calculus or AP Statistics.

| began teaching 6th grade Pre-AP mathematics in the fall of 1995. Initially, | believed instruction
merely involved moving through the prescribed curriculum at an accelerated pace. The Pre-AP
curriculum at the middle school level needs to cover the TEKS for grades 6-8, the standards for
Pre-Algebra and the Algebra | TEKS. | soon realized that racing through the curriculum with no
additional depth leads to frustration as well as an absence of meaningful learning. It has been a
challenge for me to re-evaluate how | teach mathematics. | must present problems in ways that
inspire students, cover several TEKS or topics in one lesson, and broaden learning beyond the
grade 6 accelerated curriculum.

Rigorous and high standards upheld in a supportive environment are the hallmarks of a good
Pre-AP program. Building a strong foundation in the early Pre-AP classes leads to success in AP
classes. My connection with a vertical team in my school district, attending Pre-AP conferences,
and my work with the Lighthouse Initiative for Mathematics Classrooms has been instrumental in
helping me understand how best to challenge my students. | have used several modified calculus
and statistics problems in my classes with much success. My students' excitement about being
able to do such work is inspiring. | frankly have been amazed at how well they do and how much
learning goes on when class activities apply to their lives. | have also found that not just Pre-AP
classes, but all classes, have had some of the same successes with the activities and enjoyed the
challenge of exploring these topics. | believe teaching Pre-AP mathematics has made me a better
teacher in all of my classes.

The Pre-AP experience often presents a struggle that bewilders parents and students. In the
NAASP Bulletin (February 1997), Suzanne Sutton commented that

“Struggling in mathematics is not the enemy, any more than sweating is the enemy in
basketball; it is part of the process, and a clear sign of being in the game.
Mathematics asks our students to think in ways they are not used to . . . A rigor of
thinking and clarity of expression is demanded that will stretch them beyond familiar
styles.”

We, as educators, play a significant role in communicating with students, parents, and the
community about the value of the struggle. The “no effort A” is not enough. It is the struggle to go
that extra step that teaches the discipline of perseverance—a discipline so needed by our students
in schoolwork and in life activities. The maturity level of some students often prevents them from
entering the Pre-AP program in the 6th grade, but a strong regular education curriculum will allow
movement of students to Pre-AP mathematics classes in a later grade. Students, parents, and
teachers at all grade levels should be fully aware of the multiple avenues of access to the AP
program.

| believe a challenging Pre-AP program sets goals for students, something missing in many of their
lives. It is fulfilling for me as a teacher to see students walk into class, get excited about
mathematics, and connect with the learning process. All mathematics teachers at the middle
school level have a challenge before them. They must prepare students for higher education and in
such a way that it will also prepare them to become lifelong learners and contributors to society.
The Pre-AP program provides tools that teachers can use in meeting this challenge and a
framework that will help them to improve their instruction for all students.

Donna Enochs
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The Growth of the Advanced Placement Program*
in Mathematics in Texas

The Advanced Placement Program* in mathematics has been in place since 1955. In its initial
years, many of those who took advantage of the program were from exclusive, expensive private
schools or from larger suburban public high schools serving upper middle class communities. More
recently, the AP* program has become a tool to promote equitable access to excellence in
academic achievement for all students. In 1993, the Texas legislature passed the Advanced
Placement Incentive Program to provide funding to offset examination fees for low-income
students and to provide training through summer institutes for AP teachers. In 1997, AP
participation rates and success rates for Texas high schools were added to the Academic
Excellence Indicator System, most well known for ranking Texas high schools based on Texas
Assessment of Knowledge and Skills (TAKS) performance. In 1998, the Texas Education Agency
adopted the AP course descriptions from the College Board as part of the new Texas Essential
Knowledge and Skills (TEKS). That same year, the Report of the Governor's Texas Science and
Technology Council, under then Governor George Bush, set a goal to triple the number of AP
exams with passing scores (in all subject areas) to 100,000 by the year 2002 and to increase the
number of school districts in Texas with AP programs to 100 percent. In 1999, the Texas
legislature increased funding for the AP Incentive Program to offset AP exam costs for all Texas
public school students and to provide schools with successful exam performance with funding to be
used at their discretion to further improve their AP programs. In the summer of 2002, the Texas
Education Agency began to reimburse school districts for the cost of College Board-endorsed
summer institutes for Pre-AP* high school teachers. Four years later, in 2006, the cost for middle
school teachers to attend summer institutes was also covered.

Due to these initiatives, and the incredible efforts of dedicated Texas mathematics teachers,
participation in AP mathematics programs by Texas public school students has increased by over
1005% since 1990. We now have more students earning the highest possible score of 5 on AP
mathematics exams than were even taking the exams in 1990. Despite this enormous progress,
we still have a long way to go, particularly in assuring that rural, low-income, and minority students
in Texas have the same access to outstanding AP mathematics programs as do their counterparts
in more affluent communities. The Pre-AP program is an important component in providing that
access. Students who have participated in a coherent and articulated mathematics curriculum
specifically designed to emphasize the skills, concepts, and work habits necessary for success in
calculus and statistics will be best prepared for the AP program in mathematics and for other
post-secondary educational opportunities.

The main purpose of the Lighthouse Initiative for Mathematics Classrooms is to provide Texas
teachers with guidance in how they can provide access for all students to Pre-AP mathematics
objectives while simultaneously addressing the TEKS. If this purpose is achieved, we will continue
to see growth in the numbers of students participating in the AP mathematics program and in their
success as measured by AP exam performance. The AP program will continue to maintain its
reputation for promoting academic achievement while also serving as a tool to promote equity in
educational opportunity for all Texas students.
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Year | AB Calculus | BC Calculus | Statistics
1990 1,808 482

1991 2,094 553

1992 2,334 704

1993 2,806 911

1994 3,330 840

1995 4,092 1,004

1996 4,296 1,036

1997 4,953 1,075 293
1998 5,282 1,515 786
1999 6,160 1,701 1,214
2000 8,447 2,300 2,164
2001 9,977 2,815 2,720
2002 11,131 3,020 3,417
2003 12,154 3,401 4,043
2004 13,167 3,743 4,658
2005 14,142 3,964 5,167
2006 14,773 4,208 6,320
2007 15,932 4,817 6,667
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The International Baccalaureate Programme and
the TEKS

The Lighthouse Initiative for Mathematics Classrooms focuses on the Pre-AP* program and the
mathematics TEKS for the state of Texas. One of the goals of the Pre-AP program is for students
to develop the skills and learning techniques necessary for success in college. Another program,
the International Baccalaureate (IB) Programme, has similar goals and has been adopted by some
Texas schools either in addition to or as an alternative to the Advanced Placement Program.*

These Lighthouse resources can be used for the 1B Middle Years Programme. The ideas and
suggestions put forth on this site are consistent with the goals and mission statements of both AP*
and IB.

For more information please visit the IB Web site at www.ibo.org.
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AP* Statistics: Providing Students Another
Opportunity for Excellence

Since its inception in 1997, the Advanced Placement Program (AP)* in statistics has set records
for growth in the number of exams taken in a new AP subject. From elementary school through
middle school, the mathematics curriculum framework in the state of Texas, the Texas Essential
Knowledge and Skills or TEKS, emphasizes concepts about chance, data collection, and data
exploration that are critical for developing the prerequisite skills for AP Statistics. Traditionally, the
secondary school mathematics curriculum has been designed to prepare students for success in
calculus. Now, the mathematics curriculum must prepare students for success in both calculus and
statistics. The new state requirement of four years of high school mathematics offers an
opportunity for AP Statistics to grow even more. Students may use AP Statistics to satisfy their
fourth year of mathematics requirements. While some students may choose to take either AP
Calculus or AP Statistics, ideally, students will take both, creating graduates with an extensive and
integrated understanding of mathematics.

The explosion in the use of statistics in the last 50 years must strike anyone who reads the
newspaper, listens to the radio, watches television, or checks out the World Wide Web. For some
time, knowledge of statistics has been important for decision-makers and scientists. Surveys of
public opinion (such as the Gallup political polls), of behavior (such as the Nielsen ratings of
television viewing), of labor force characteristics (such as the Current Population Survey)
increasingly help determine government policy and the choices available to consumers. Further,
much recent progress in fields such as medicine, engineering, the life and physical sciences, and
the social sciences can be attributed to the use of statistics.

Statistics, the science of data, is integral to the methodology of a wide variety of disciplines, many
of which extend far beyond the “calculus-based” sciences. For example, it is an essential tool in all
of the behavioral, biological, and social sciences. Students of biology, business, engineering,
psychology, and many other disciplines will inevitably encounter statistics in their college studies.
Introductory courses in statistics are taught as part of the undergraduate curriculum in many of
these fields, as well as in mathematics. In fact, some postsecondary institutions see statistics as
so essential to the quantitative reasoning skills of all graduates that statistics courses have
become part of the required general education program. A recent survey indicated that
introductory statistics enrollments in statistics or mathematics departments numbered about
240,000 in fall 2000, up about 16 percent from fall 1995. Some speculate that this number would
double if statistics enrollments in all departments were counted.

Throughout this site, you will find examples showing how one can take the ideas and concepts of
the AP Statistics program and integrate them into the TEKS for mathematics. By doing so, schools
will be able to provide their students with another opportunity to access higher level mathematics
and thus be better prepared for college and/or life experiences.
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Content

One of the very best ways for Pre-AP* mathematics teachers to understand the goals, skills, and
work habits necessary for success in AP* Calculus and AP Statistics is to examine released AP
problems and talk with AP mathematics teachers in their district about where their students
encountered difficulty. In this section of the Lighthouse website, we have chosen two AP
free-response problems (the ones that require students to show their work and that are graded by
actual humans)—one from calculus and one from statistics. Following each problem are several
variations written by Pre-AP teachers to address some common areas of difficulty. You will see
the actual worksheets that teachers made, so there will be different styles and formats. Figures
are often hand drawn so they might be rough and not drawn to scale. Each variation includes a
teacher version with commentary and answers followed by a clean copy that could be used with
students. Examining actual AP problems and the difficulties that students had with them should be
a regular and ongoing part of a mathematics vertical team's discussions.

AP* Calculus AB Problem 5, 1995
Three Middle School Activities Based on Problem 5
Two Geometry Activities Based on Problem 5

L[]

AP* Statistics Problem 6, 1997

Middle School Activity Based on Problem 6
Algebra | Activity Based on Problem 6
Algebra Il Activity Based on Problem 6
Precalculus Activity Based on Problem 6

L[]

What Makes a Good AP Problem?
Where Do We Go from Here?

L[]

L[]
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AP* Calculus AB Problem 5, 1995

This problem was one of the six free-response questions on the 1995 AP* Calculus AB exam.
Students had a great deal of difficulty in recognizing the similarity of the water in the cone to the
cone figure itself. In Part A, they seemed to have difficulty with the wording of the problem. Had it
said, "Solve for V in terms of h," a greater number of students probably would have solved the
equation correctly. Students also had difficulty in working with the volume formulas and with the
simple symbolic manipulation that was required. All of these difficulties occurred well before the
students had a chance to reach the calculus stage of the problem. The concepts of proportionality,
similarity, volume, and symbolic manipulation are introduced as early as middle school, but
perhaps could be approached a little differently in a Pre-AP* situation. In addition to examining the
similarity of plane figures, for example, Pre-AP students could also examine the similarity of three-
dimensional figures and embedded figures. Instead of just using formulas to calculate area or
volume, there could be more emphasis on manipulating the formulas and expressing them in
different forms. The same TEKS would be addressed but in a way that will better prepare
students for the AP experience.

+

5. As shown in the figure above, water is draining from a conical tank with height 12 feet and
diameter 8 feet into a cylindrical tank that has a base with area 4001 square feet. The depth h, in
feet, of the water in the conical tank is changing at the rate of (h-12) feet per minute. (The volume

V of a cone with radius r and height his V = 1/31'rr2h.)
(a) Write an expression for the volume of water in the conical tank as a function of h.

(b) At what rate is the volume of water in the conical tank changing when h = 3? Indicate units of
measure.

(c) Let y be the depth, in feet, of the water in the cylindrical tank. At what rate is y changing when
h = 3? Indicate units of measure.

Source: Copyright © 2006. The College Board. Reproduced with permission.
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Three Middle School Activities Based on Problem 5

Based on AP* Calculus AB Problem 5, 1995

Middle School Activity 1, Based on Problem #5
TEKS addressed: (6.8)(A); (6.10)(D); (6.12)(A)

This Pre-AP* activity introduces the calculus topic rate of change. It was conducted in a Pre-AP
grade 6 classroom. Students began drawing graphs from data collected by pouring rice into
containers and then moved to a more abstract level by drawing graphs from pictures of containers.
The purpose of this activity was to have students think about the rate at which the height of rice in
various containers changed depending upon the shape of the containers.

Teacher Guide

Sample A:

Student Sample A, Graph

Student Sample A, Graph Summary
Student Sample A, Worksheet Part 1
Student Sample A, Worksheet Part 2

L[]

L[]

Sample B:

e Student Sample B, Graph
e Student Sample B, Volume Graph
e Student Sample B, Written Summary

Middle School Activity 2, Based on Problem #5
TEKS addressed: (6.2)(C); (6.3)(C); (6.8)(B); (7.3)(B); (8.8)(A); (8.9)(B); (8.10)(A); (8.10)(B)

This is a good Pre-AP worksheet because it addresses the difficulty that students have with the
similarity of three-dimensional figures. It addresses several TEKS simultaneously and goes well
beyond what is covered in most textbooks. Notice that in problems 1-3, surface area and volume
for each figure can be calculated directly. In problem 5, you can easily find surface area and
volume of the first figure and then set up proportions to find values for the second figure.

Student Worksheet
Teacher Guide and Answer Key

Middle School Activity 3, Based on Problem #5
TEKS addressed: (6.1)(B); (7.2)(F); (7.3)(B); (8.7)(A); (8.8)(C); (8.9)(B); (8.10)(B)

This is a good Pre-AP worksheet because it builds upon and extends skills that students have
developed in middle school and Algebra | (using geometric formulas, solving literal equations,
symbolic manipulation, function notation) while simultaneously addressing some TEKS for high
school geometry. It does so in a way very different from that seen in most textbooks. Most
importantly, the context and wording is based upon an actual AP problem with which the students
had difficulty.

Student Worksheet
Teacher Guide and Answer Key
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Teacher Guide, Middle School Activity 1

TEKS covered by this activity: 6.8A, 6.10D, and 6.12A

This Pre-AP* activity introduces the calculus topic rate of change. It was conducted in a Pre-AP
grade 6 classroom. Students began drawing graphs from data collected by pouring rice into
containers and then moved to a more abstract level by drawing graphs from pictures of containers.
The purpose of this activity was to have students think about the rate at which the height of rice in
various containers changed depending upon the shape of the containers. Students were divided
into groups of three to four people. Each group used three different shaped containers and took
measurements of the heights of rice in their containers.

The students in each group accomplished the following activities:

1. Measured fixed quantities of rice using a coffee or laundry detergent scoop. (The students
poured the rice into the container and then measured, recorded, and graphed the resulting
height of the rice after each scoop. This process was repeated for two other shaped
containers.)

2. Displayed their three graphs on the wall for student discussion

3. Discussed the different slopes in each of their graphs and how the slopes relate to the rate
of change of the height

4. Selected three different containers and drew individual graphs* based on the data displayed
on the wall

5. Used worksheets* to continue their study of graphing and rates of change

6. Summarized their work* by answering the following questions:

a. Which of the containers has the slowest rate of change of rice height with respect to
volume?

b. What general statement can you make about the relationship between the shape of
the container and the rate at which the rice changes with respect to volume?

Reflections on the activity: In thinking back over the activity, the instructions should stress that the
students explain, in complete sentences, the reasoning behind their graphs or why they matched a
graph to a particular container. All axes should have been labeled and have appropriate scales.

*See student samples of work associated with this activity.
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Student Sample A, Graph

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE A

Cubt Core

T fppns
SE=PLED

O rPUSAgImn
Py

P

\aiqs T F Q
Nowme

[printer-friendly]

*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

**Permission to excerpt AP materials does not constitute review or endorsement by the College Board,
of these materials, or any questions or testing information they may contain.

©2006 Texas Education Agency

For more information, please send an e-mail to Curriculum@tea.state.tx.us

17



Student Sample A, Graph Summary

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE A
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Student Sample A, Worksheet Part 1

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE A

Sketch your own graph for each container that shows the height of the rice versus the volume of
the rice that has been poured into the bottle.

U -

Bucket

W

Volume

r Height
Volume

Evaporation Flask

X E

Vase

Volume
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Student Sample A, Worksheet Part 2

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE A

Sketch your own graph for each container that shows the height of the rice versus
the volume of the rice that has been poured into the bottle.

il

Height
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Ink Bottle
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Student Sample B, Graph

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE B
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Student Sample B, Volume Graph

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE B

Volume Graph Mame:

Match the contain er with the carrect graph.

A O E =

volume volume L

volume

C © A

haight
height
height

[printer-friendly]

*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

**Permission to excerpt AP materials does not constitute review or endorsement by the College Board,
of these materials, or any questions or testing information they may contain.

©2006 Texas Education Agency

For more information, please send an e-mail to Curriculum@tea.state.tx.us

22



Student Sample B, Written Summary

Based on AP* Calculus AB Problem 5, 1995

STUDENT SAMPLE B
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Student Worksheet, Middle School Activity 2

In each of the problems below, there are pairs of similar figures. Determine the surface area and
volume of each figure. Then determine the ratios (in lowest terms) of the sides, the surface areas,
and the volumes for each pair of figures.

1. "
N
4 10 15 ratio of sides

SA. SA. ratioof S.A. _____
Volume Volume ratio of V
[
" e
12
ratio of sides
S.A. ik ratio of 5.A.
Volume Volume ratio of V
3
6 4
ratio of sides
S.A. SA. ratio of 5.A.
Volume Volume _____ ratio of V
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15
1 10 ratio of sides __
SA — SA. — ratio of S.A.
Volume Volume ratioofl V __
5.
3
410 12 ratio of sides
S.A. S.A. ratio of S.A.
Volume — Volume _ ratio of V
15

6. 10 ‘
ﬁl ratio of sides

ratio of S.A.

S.A. — SA. —

Volume Volume _____ ratioof V____

7. What is the relationship between the ratio of the surface areas and the ratio of the
sides? Why is this a reasonable result?

8. What is the relationship between the ratio of the volumes and the ratio of the sides?
Why is this a reasonable result?
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Teacher Guide and Answer Key, Middle School
Activity 2

Based on AP* Calculus AB Problem 5, 1995

This is a good Pre-AP* worksheet because it addresses the difficulty that students have with the
similarity of three-dimensional figures. It addresses several TEKS simultaneously and goes well
beyond what is covered in most textbooks. Notice that in problems 1-3, surface area and volume
for each figure can be calculated directly. In problem 5, you can easily find surface area and
volume of the first figure and then set up proportions to find values for the second figure. In each of
the problems below, there are pairs of similar figures. Determine the surface area and volume of
each figure. Then determine the ratios (in lowest terms) of the sides, the surface areas, and the
volumes for each pair of figures.

L 6
4 6 I 2
15 ratio of sides 4

4 10
4
S.A. 192u° S.A. 4320° ratio of S.A. /';
8
3
Volume 160u” Volume 340u ratioof V /E"'
2.
12 3
ratio of sides /i
9
SA — ratio of S.A. "/"
o S.A. 267u °
3 27
Volume $32Tu Volume 1287u’ ratio of V 78
3
(i} 4 3
@ ratio of sides ’4
9
S.A. 216u” S.A. 96u’ ratio of S.A. i

3 3 27
Volume 216u Volume 64u_ ratio of V i




15
10 10
SA. —
Volume Lll:i Volume 500u”
5.
3
4 10
S.A. 132
Volume %0 Volume 103.68

6 1 ‘
q\/

S.A. T

Volume 600u’ Volume 129.6u°

S.A. 190.08

2
ratio of sides _">__

%

ratio of S.A, _725

8
ratio of V A 25

%

ratio of sides

25
ratio of S.A. 736

1257
ratio of V ﬁﬁ

5
%

ratio of sides

25
ratio of S.A. %

125
ratio of V ﬁ

7. What is the relationship between the ratio of the surface areas and the ratio of the

sides?

The ratio of the surface area is the square of the ratio of the sides.

Why is this a reasonable result?

Because area is measured in square units.

8. What is the relationship between the ratio of the volumes and the ratio of the sides?

The ratio of the volumes is the cube of the ratio of the sides.

Why is this a reasonable result?

Because volume is measured in cubic units.
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Student Worksheet, Middle School Activity 3

Based on AP* Calculus AB Problem 5, 1995

15 ft

Oil is being stored in a conical storage tank having a radius of 6 feet and a height of 15
feet.

8.

9.

. What is the capacity of the storage tank?

. What is the ratio of the tank radius to its depth?

. If the height of the oil in the tank is 10 ft., what is the radius of the oil in the tank?
. What is the volume of the oil in the tank?

. What is the ratio of the volume of the oil to the capacity of the tank?

. What is the ratio of the radius of the oil to the radius of the tank?

. What is the relationship between your answers to #5 and #67?

What is the area of the surface of the oil in the tank?

If the oil currently in the tank is pumped out at a rate of 2 cubic feet/minute, how long

will it take to empty the tank?

10. If the oil currently in the tank is pumped into another tank that is a right cylinder with a
radius of 8 feet and a depth of 12 feet, what will be the depth of the oil in this new tank?
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Teacher Guide and Answer Key, Middle School
Activity 3

Based on AP* Calculus AB Problem 5, 1995

This is a good Pre-AP* worksheet because it expects students to combine many different
concepts and skills responding to a single scenario, much like an AP* test question does. Students
have to be able to interpret the questions and select appropriate strategies. There are
opportunities to discuss things pertaining to units and the different forms that the answers may
take.

15 fit

Oil is being stored in a conical storage tank having a radius of 6 feet and a height of 15
feet.

1. What is the capacity of the storage tank?
1807ft”

What is the ratio of the tank radius to its depth?

2.
=
h

th|rs

3. If the height of the oil in the tank is 10 ft, what is the radius of the oil in the tank?
r=4ft

4. What is the volume of oil in the tank?

1607 ,. 3
—3 fit

5. What is the ratio of the volume of the oil to the capacity of the tank?
8
27

6. What is the ratio of the radius of the oil to the radius of the tank?
2
3

7. What is the relationship between your answers to #5 and #67?
#5 is the cube of #6

8. What is the area of the surface of the oil in the tank?
1671t

9. If the oil currently in the tank is pumped out at a rate of 2 cubic feet/minute, how long
will it take to empty the tank?

Sﬂ_ﬂ'minutes or 33776 minutes or 1 hour 23 minutes and 47 seconds
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10. If the oil currently in the tank is pumped into another tank that is a right cylinder with a
radius of 8 feet and a depth of 12 feet, what will be the depth of the oil in this new tank?

% ft or .833 ft or 10 inches
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Two Geometry Activities Based on Problem 5

Based on AP* Calculus AB Problem 5, 1995

Geometry Activity 1 Based on AP* Calculus AB, Problem 5, 1995
TEKS addressed: (G.7)(A); (G.8)(A); (G.8)(D); (G.11)(B); (G.11)(C)

This is a good Pre-AP* worksheet because it builds upon and extends skills that students have
developed in middle school and Algebra | (using geometric formulas, solving literal equations,
symbolic manipulation, function notation) while simultaneously addressing the TEKS listed above
for high school geometry. It does so in a way very different from that seen in most textbooks.
Most importantly, the context and wording is based upon an actual AP* problem with which the
students had difficulty.

Teacher Guide and Answer Key
Student Worksheet

Geometry Activity 2 Based on AP* Calculus AB, Problem 5, 1995

TEKS addressed: (a)(2); (a)(4); (a)(6); (G.1)(B); (G.5)(B)
Vocabulary includes literal equations and delta form of a slope equation.

This makes a good Pre-AP geometry problem because students must apply many concepts in one
problem. Teachers may choose to teach parts of this problem at different points during the year.
However, if these problems are presented as a unit, students cannot skip the hard problems and
still do well on the unit. Teachers may choose to do all or just some of these questions. The goals
are to incorporate calculus concepts early and often, to give students glimpses of future learning,
and to show them how they will use this concept over the next four years.

Teacher Guide and Answer Key
Student Worksheet
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Teacher Guide, Geometry Activity 1

TEKS addressed: (G.7)(A); (G.8)(A); (G.8)(D); (G.11)(B): (G.11)(C)

This is a good Pre-AP* worksheet because it builds upon and extends skills that students have
developed in middle school and Algebra | (using geometric formulas, solving literal equations,
symbolic manipulation, function notation) while simultaneously addressing the TEKS listed above
for high school geometry. It does so in a way very different from that seen in most textbooks.
Most importantly, the context and wording is based upon an actual AP problem with which the
students had difficulty.

1. Write an expression for the area of a circle as a function of its circumference.

-9

w_ C*
A(C)y=—
(©) 4

2. Write an expression for the perimeter of a square as a function of its area.

P(A)=4VA

3. If the volume of a right circular cylinder is 4001t cubic units, write an expression for its lateral
surface area as a function of its radius.

8007

S(r)= =

4. Water is being stored in a conical tank with height 12 feet and base diameter 8 feet. Write an
expression for the volume of water in the conical tank as a function of h, the height of the water in
the tank.

V(h)= ,'7 wh3

5. Water is being stored in a cylindrical tank that has a base with area 9001 square feet. Write an
expression for the volume of water in the cylindrical tank as a function of h, the height of the water
in the tank.

V(h)=900mh

6. Write an expression for the area of an equilateral triangle as a function of the length of one of its
sides.

7. Write an expression for the area of a circle as a function of its diameter.

pyrew | L
A(d) ;

8. Write an expression for the surface area of a sphere as a function of its volume.

V3
47

S ')=47.—(

9. Write an expression for the volume of a cube as a function of its surface area.

l'(ﬁ‘l=(%);
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10. If the area of the base of a cone is 251 square units, express the volume of the cone as a
function of its height.

257h

Vil = 3
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Student Worksheet, Geometry Activity 1

1. Write an expression for the area of a circle as a function of its circumference.
2. Write an expression for the perimeter of a square as a function of its area.

3. If the volume of a right circular cylinder is 4001 cubic units, write an expression for its lateral
surface area as a function of its radius.

4. Water is being stored in a conical tank with height 12 feet and base diameter 8 feet. Write an
expression for the volume of water in the conical tank as a function of h, the height of the water in
the tank.

5. Water is being stored in a cylindrical tank that has a base with area 9001 square feet. Write an
expression for the volume of water in the cylindrical tank as a function of h, the height of the water
in the tank.

6. Write an expression for the area of an equilateral triangle as a function of the length of one of its
sides.

7. Write an expression for the area of a circle as a function of its diameter.
8. Write an expression for the surface area of a sphere as a function of its volume.
9. Write an expression for the volume of a cube as a function of its surface area.

10. If the area of the base of a cone is 2511 square units, express the volume of the cone as a
function of its height.
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Teacher Guide, Geometry Activity 2

TEKS addressed: (a)(2); (a)(4); (a)(6); (G.1)(B); (G.5)(B)
Vocabulary includes literal equations and delta form of a slope equation.

This makes a good Pre-AP* geometry problem because students must apply many concepts in
one problem. Teachers may choose to teach parts of this problem at different points during the
year. However, if these problems are presented as a unit students can not skip the hard problems
and still do well on the unit. Teachers may choose to do all or just some of these questions. The
goal is to incorporate calculus concepts early and often, to give students glimpses of future
learning, and to show them how they will use this concept over the next four years.

F-Sfect .{ -
h feet sz[

(a) List in words the items in the problem which DO NOT change.

The dimensions of the cone and the cylinder; the radius of the water in the cylinder
(b) List in words the items in the problem which DO change.

The height and radius of the water in the cone; the height of the water in the cylinder

(c) Write the formula for volume of a cone.
T

V=—rh
3

(d) Find the capacity of the cone.
T

V= 5{42)(12) = 64w

(e) Sketch a graph of height versus time as the water drains from the cone. Describe the
slopes of the graph. Is the graph increasing, decreasing, concave up, concave down, etc.?

The water drains more slowly at the beginning, so the slopes are flatter. As the water drains, the
slopes become steeper because the water drains faster. The graph is decreasing because the
slopes are negative and concave down because the tangent lines would be above the curve.

(f) If the water is draining from the cone at a rate of 9 ft.3 per hour, how long would it take
to empty the cone?

tdor 2
—= 7 firg. 6 — min.
T

(g) Find the ratio of the radius of the water to the depth of the water in the cone.

1:3
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(h) If the water in the cone is 6 foot deep, what is the radius of the water?

2 ft.

(i) If the water in the cone is 6 foot deep, what is the surface area of the water?
41

(j) If the water in the cone is 6 foot deep, what is the volume of the water in the cone?
T, )
?(2 ) 6) = 8x fi3

(k) If the water in the cone is 6 foot deep, what is the ratio of the volume of the water in the
cone to the capacity of the cone?

1:8

(1) If the water in the cone is 6 foot deep, what is the ratio of the radius of the water to the
radius of the cone?

1:2
(m) What is the relationship between your answers for (h) and (i)?
Volume is the cube of the scale factor for the radius

(n) Find the radius of the water in the cone as a function of its height.

h
F=3

(o) Find the volume of the water in the cone as a function of the height.
ME
V=—
27
(p) Write a symbol to describe the change in height with respect to change in time using
the delta form of a slope equation. Using a "d" for "delta" (A), rewrite the equation to
represent an instantaneous rate of change.
AV aVv

Ar di

dV  mh' dh
(q) It can be determined that 9 df Write the meaning of these symbols in words.

The change in volume with respect to time = 1 / 9 times the height squared times the
change in height with respect to time.

(r) The depth h, in feet, of the water in the cylindrical tank is changing at a rate of h-12 feet
per minute. Write the statement in symbolic notation.

—=h-12
dr

(s) Rewrite the equation for the change in volume with respect to time using part (q).

v k'
oA ”T{h-m

df

(t) At what rate is the volume of the water in the conical tank changing when h= 3? Write
the sentence with symbols, then determine the rate. Indicate units.

dV
Find — whenh=3.

aF  x(3?

T ) (3-12) = =97 fi.'/min
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(u) What is the formula for volume of a cylinder using W for volume?
W = mr?h

(v) What is the volume of the cylinder in terms of y, the height of the water?
W = 400ty

(w) If the water in the cone is 6 foot deep when it begins to drain, what will be the height of
the water in the cylinder when the cone is empty (assuming the cylinder starts off empty)?

1
W o= 400mh = 87 hm —
mh = 8, 50 %0

(x) The change in the volume of the cylindrical tank can be described by the following:

dw dy

—_—m 4[I[L1i Write the meaning of the symbols in words, then solve algebraically for ﬂ
di

dh 1 daW

dt 400z dt

(y) Describe the difference in what is happening to the water in the conical tank and what is
happening to the water in the cylindrical tank.

The water is draining from the conical tank, so the rate of change of volume is negative. The water
is draining into the cylindrical tank, so the rate of change of volume will be the opposite of the rate
of drainage.

(z) At what rate is y changing when h=3? Write the sentence in symbolic notation, then
solve indicating units of measure.

L dy dy 1 9 e
Find 2 whenh=3. & e ——(92) @ —
P dr = 200 ™) = gop /1 min
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Student Worksheet, Geometry Activity 2

As shown in the figure below, water is draining from a conical tank with height 12 feet and
diameter 8 feet into a cylindrical tank that has a base with area of 4001 square feet. The depth, h,
in feet, of the water in the conical tank is changing at the rate of (h-12) feet per minute.

(a) List in words the items in the problem which DO NOT change.
(b) List in words the items in the problem which DO change.

(c) Write the formula for volume of a cone.

(d) Find the capacity of the cone.

(e) Sketch a graph of height versus time as the water drains from the cone. Describe the slopes of
the graph. Is the graph increasing, decreasing, concave up, concave down, etc.?

(f) If the water is draining from the cone at a rate of 9 ft.® per hour, how long would it take to
empty the cone?

(9) Find the ratio of the radius of the water to the depth of the water in the cone.

(h) If the water in the cone is 6 foot deep, what is the radius of the water?

(i) If the water in the cone is 6 foot deep, what is the surface area of the water?

(j) If the water in the cone is 6 foot deep, what is the volume of the water in the cone?

(k) If the water in the cone is 6 foot deep, what is the ratio of the volume of the water in the cone
to the capacity of the cone?

(I) If the water in the cone is 6 foot deep, what is the ratio of the radius of the water to the radius
of the cone?

(m) What is the relationship between your answers for (h) and (i)?
(n) Find the radius of the water in the cone as a function of its height.
(o) Find the volume of the water in the cone as a function of the height.

(p) Write a symbol to describe the change in height with respect to change in time using the delta
form of a slope equation. Using a "d" for "delta" (A), rewrite the equation to represent an
instantaneous rate of change.

dv  ak’dh

(q) It can be determined that dt 9 dt yyrite the meaning of these symbols in words.
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(r) The depth h, in feet, of the water in the cylindrical tank is changing at a rate of h-12 feet per
minute. Write the statement in symbolic notation.

(s) Rewrite the equation for the change in volume with respect to time using part (q).

(t) At what rate is the volume of the water in the conical tank changing when h= 3?7 Write the
sentence with symbols, then determine the rate. Indicate units.

(u) What is the formula for volume of a cylinder using W for volume?
(v) What is the volume of the cylinder in terms of y, the height of the water?

(w) If the water in the cone is 6 foot deep when it begins to drain, what will be the height of the
water in the cylinder when the cone is empty (assuming the cylinder starts off empty)?

(x) The change in the volume of the cylindrical tank can be described by the following:

dW dy
—‘?r'—' - 400.115-

dh
Write the meaning of the symbols in words, then solve algebraically for dt

(y) Describe the difference in what is happening to the water in the conical tank and what is
happening to the water in the cylindrical tank.

(z) At what rate is y changing when h=3? Write the sentence in symbolic notation, then solve
indicating units of measure.
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Introduction to AP* Statistics Problem 6, 1997

On the AP* Statistics exam, the free-response section consists of five short-answer questions and
one investigative task, a question that students usually spend about 30 minutes answering. The
investigative task question from the 1997 AP Statistics exam follows. The 1997 question focuses
on the concepts of analyzing data, finding models that correctly describe the data, writing
equations for these models, and then interpreting the results.

When scoring the exam papers for this question, it became obvious that students had difficulty in
working with data in contextual situations and seemed to have had little experience in exploring
data that did not graph into a line. Many students did not seem to be familiar with the use of
square roots and logarithms in data analysis. Although square roots and logarithms are introduced
in Algebra Il and further explored in Precalculus, it is usually not done in this context. Including this
use of square roots and logarithms in the Pre-AP* classroom is a simple and worthwhile addition
to the curriculum.

Many students upon seeing the data in this problem immediately entered it into their calculators
and, only then, read the question. In this particular problem, all necessary computations had been
given in the stem of the question. What students needed to do was to utilize the given models to
determine an appropriate asking price for an automobile. Students in Pre-AP mathematics should
have practice in producing various types of graphs, in determining appropriate mathematical
models for data, and in utilizing a given model to make predictions. They should also know when a
question is asking them to do one of the above. Finally, students had difficulty in coding data. They
did not know that 1980, 1984, 1988, etc. could be written as 80, 84, and 88 and that the coded
data was used in this problem.

Another major area of difficulty for students was being able to express their thoughts in coherent,
concise sentences. This should be one of the goals of all Pre-AP mathematics courses. Many
students could not explain their reasoning in part (d). Students also had difficulty in correctly
interpreting the questions and therefore did not respond appropriately. In part (e), students
seemed to think that the question was asking for their opinion about buying a car and did not
understand that the prompt "Use some or all of the given data" meant that they had to base their
answer strictly on the data and information given in the problem. Students were more likely to base
their answer on personal experience.

AP* Statistics Problem 6, 1997

You are planning to sell a used 1988 automobile and want to establish an asking price that is
competitive with that of other cars of the same make and model that are on the market. A
review of newspaper advertisements for used cars yields the following data for 12 different
cars of this make and model. You want to fit a least square regression model to these data for
use as a model in establishing the asking price for your car.

Pro\‘(’gg"’” 1990 1991 1992 1987 1993 1991 1993 1985 1984 1982 1986 1979

Asking
Price (in
thousands
of dollars)

60|77]88|34/98|84|89|15|16|14 20|10

The computer printouts for three different linear regression modles are shown below. Model 1
fits the asking price as a function of the production year, Model 2 fits the natural logarithm of
the asking price as a function of the production year, and Model 3 fits the square root of the
asking price as a function of the production year. Each printout also includes a plot of the
residuals from the linear model versus the fitted values, as well as additional descriptive data
produced from the least squares procedure.
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Model 1

Price
un

B0 54 BR 92

Year

The regression equation is Price = -58.1 + 0.179 Year.

Predictor Coef Stdev t-ratio p
Constant -58.050 7.205 -8.06 0.000
Year 0.71900 0.08200 8.77 0.000
S=0.1255 R-sq = 88.5%

. 254

7 00t =

Y '

Analysis of Variance
SOURCE DF SS MS F p
Regression 1 121.10 121.10 76.88 0.000
Error 10 15.75 1.58

Total 11 136.85



Model 2

50 84 s 92
Year

The regression equation is LnPrice = -14.9 + 0.185 Year.

Predictor Coef Stdev t-ratio p
Constant -14.924 1.223 -12.21 0.000
Year 0.18502 0.01392 13.30 0.000
S=0.2130 R-sq = 94.6%
g 0.00 ) . :
z
x =040 =
u..m ll-.:‘nll- 1..2u I.IHD
Analysis of Variance
SOURCE DF SS MS F p
Regression 1 8.0190 8.0190 176.77 0.000
Error 10 0.4536 0.0454
Total 11 8.4726
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Model 3

Sqr Price
g
=

b

80 84 88 92

Year

The regression equation is Sqr = -13.3 + 0.176 Year.

Predictor Coef Stdev t-ratio
Constant -13.313 1.447 -9.20
Year 0.17559 0.01647 10.66
S=0.2520 R-sq = 91.9%
0.50
? 0.0+
04

0.60 1.20 1.50 2.40 3.00
Analysis of Variance

SOURCE DF SS MS F

Regression 1 7.2221 7.2221 113.72

Error 10 0.6351 0.0635

Total 11 7.8572

Describe any shortcomings you see in these three models.

agrwbdPE

0.000

0.000

0.000

Use Model 1 to establish an asking price for your 1988 automobile.
Use Model 2 to establish an asking price for your 1988 automobile.
Use Model 3 to establish an asking price for your 1988 automobile.

Use some or all of the given data to find a better method for establishing an asking price
for your 1988 automobile. Explain why your method is better.

Source: Copyright © 2006. The College Board. Reproduced with permission.

[printer-friendly]
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Middle School Activity Based on Problem 6

Based on AP* Statistics Problem 6, 1997

You are planning to sell a used 1988 automobile and want to establish an asking price that is
competitive with that of other cars of the same make and model that are on the market. A review
of newspaper advertisements for used cars yields the following data for 12 different cars of this
make and model.

Production Year 1990 1991 1992 1987 1993 1991 1993 1985 1984 1982 1986 1979

Asking Price (in
thousands of 60|77 |88 /34|98|84 (89|15 |16 |14 |20 |10
dollars)

6th Grade TEKS addressed: (6.1)(A); (6.1)(C); (6.2)(B); (6.10)(A); (6.10)(D); (6.11)(A);
(6.11)(B); (6.12)(A); (6.12)(B)

A sixth grade activity based on this question with a sample of a student response is given on the
next three pages.

7th Grade TEKS addressed: (7.11)(A); (7.11)(B); (7.12)(B)
Use this information to construct a scatter plot.

Estimate the asking price for your 1988 automobile. Give specific reasons how the information
from the scatter plot helped you determine this price.

You are planning on buying a used 1995 automobile. Use the scatter plot to determine a price for
this automobile. Justify your answer.

8th Grade TEKS addressed: (8.12)(A); (8.12)(B); (8.13)(B)

Use this information to construct a scatter plot. Find the median and the mean of the data in the
chart.

Compare and contrast these three methods. Which method helps you determine the most
reasonable asking price for your 1988 automobile? Give specific reasons why you think that one
method is better than the other two.

Student Worksheet
Student Sample C

[printer-friendly]
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Middle School Activity, Based on Problem 6

Based on AP* Statistics Problem 6, 1997

You are planning to sell a used 1988 automobile and want to establish an asking price that is
competitive with that of other cars of the same make and model that are on the market. A review
of newspaper advertisements for used cars yields the following data for 12 different cars of this
make and model. Take this information and construct a graph with a meaningful scale and
intervals. From your graph, estimate the cost of the 1988 automobile. Justify your answer.
Estimate the cost of a 1995 automobile. Justify your answer.

Production Year 1990 1991 1992 1987 1993 1991 1993 1985 1984 1982 1986 1979

Asking Price (in
thousands of 60|77|88/34|98|84 (89|15 |16 |14 |20 |10
dollars)
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Student Sample C

You are planning to sell a used 1988 automobile and want to establish an asking price that is
competitive with that of other cars of the same make and model that are on the market. A review
of newspaper advertisements for used cards yields the following data for 12 different cars of this

Statistics

make and model. Take this information and construct a graph with a meaningful scale and
intervals. From your graph, estimate the cost of the 1988 automobile. Justify your answer.

Progg;:'on 1990 | 1991 |1992 |1987 |1993 |1991 |1993 |1985 |1984 | 1982 1986 |1979
Asking Price
(inthousands |60 | 7.7 |88 |34 (9.8 |84 |89 |15 |16 |14 |20 |10
of dollars)
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Algebra | Activity

Based on AP* Statistics Problem 6, 1997

Student Worksheet
Teacher Guide and Answer Key
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Student Worksheet, Algebra | Activity

Based on AP* Statistics Problem 6, 1997

Often one looks at data to formulate a picture or make a decision about a past, present, or future
event.

It is important to remember that when answering questions about real data that your answers are
written in complete sentences and in the context of the problem.

You are planning to sell a used 1988 automobile and want to establish an asking price that is
competitive with that of other cars of the same make and model that are on the market. A review
of newspaper advertisements for used cars yields the following data for 12 different cars of this
make and model.

|Production Year [1990 1991(1992 19871993 19911993 19851984 1982 1986 [1979
|Asking Price in $|6000 77008800 [3400 9800 [8400 (8900 1500 [1600 1400 20001000

1. Often it is difficult to work with large or small data, for example numbers as large as
$2,300,000,000. It is easier to work with coded data, that is, data that has been recalculated by a
rule or transformation. In the above case, we would rewrite the number as $2.3 billion.

a. Use this idea to code the data in the table above. For the data, Production Year, calculate the
number of years since 1979. Using this rule, 1979 will be coded as 0 and 1980 will be coded as 1,
and so forth.

b. Code the asking price of the automobile in thousands of dollars. For example, $7700 will be
written as $7.7 (thousands of dollars).

2. Complete the table of values below using your coded data.

Production  Asking Price
Year  (in thousands of $)

(1990) 11 6
(1991) 12 7.7

3. Draw a scatter plot of the coded data. Be sure to label your axes with the appropriate variables
and scales.

4. Write an equation for a linear model for this data.
a. What is the slope of the line? In terms of the problem, explain the meaning of the slope.

b. What is the Asking Price intercept (y-intercept)? In terms of the problem, explain the meaning of
the Asking Price intercept (y-intercept).

5. Use your model to predict a selling price for your 1988 automobile.

a. Do you think that this price is a reasonable answer for this automobile? Use the data in the
problem to support your answer. (Remember to use complete sentences.)

b. What is the Asking Price intercept (y-intercept)? In terms of the problem, explain the meaning of
the Asking Price intercept (y-intercept).

6. A friend bought a new car last year, and he decides to sell it now. Use your model to predict the
price of this car. Do you think that this is a reasonable price for this automobile? Support your
answer. (Remember to use complete sentences.)

7. In questions 5 and 6, you used your mathematical model to predict the asking price of two
automobiles. Explain which of the two prices you would expect to be the most accurate and why.
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8. Using the coded data and the linear model you wrote in problem 4, complete the table of values
below.

Actual Asking Price Predicted Asking Price Difference
(in thousands of $)  (in thousands of $)  (Actual - Predicted)

Year
9. Draw a scatter plot for (year, difference).

10. If all of the Predicted Asking Price values were equal to the Actual Asking Price values, where
would the points (year, difference) be located on the graph in problem 9? What would this tell you
about your model?

[printer-friendly]

*AP, Advanced Placement Program, and Pre-AP are registered trademarks of the College Board, which
does not endorse nor was it involved in the production of this Web site.

**Permission to excerpt AP materials does not constitute review or endorsement by the College Board,
of these materials, or any questions or testing information they may contain.

©2006 Texas Education Agency

For more information, please send an e-mail to Curriculum@tea.state.tx.us

51



Teacher Guide and Answer Key, Algebra 1 Activity

Based on AP* Statistics Problem 6, 1997

Algebra | TEKS addressed: (a)(3); (@)(4); (a)(5); (a)(6); (A.1)(B); (A.1)(C); (A.1)(D); (A.1)(E);
(A.2)(B); (A.2)(C); (A.2)(D); (A.3)(A); (A.5)(A); (A.5)(C); (A.6)(B); (A.6)(D); (A.7)(B); (A.7)(C)

This problem is an example of a good Pre-AP* problem because it requires students to
incorporate many concepts into one problem. Students are asked to interpret equations (linear)
and graphs and explain the reasons for their interpretations. The problem begins as a typical
Algebra 1 scatter plot problem (in questions 1-4). Questions 5-10 extend the problem to concepts
the students will encounter in an AP Statistics class. Students are asked to evaluate the linear
model they found for the given data.

1. a. & b. See the table of values below for problem 2

2.

Production Year Asking Price
[im thawmsands of 5]

[1990) 11 [

[1991) 12 77
(1993 12 8.8
8 34
14 9.8
12 a4
14 8.9
13 15
5 16
3 14
7 2

0 1
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4.

a. We will use y = .5x + 1. (Answers will vary because the students are not using a graphing
calculator to find the equations. The students will use their knowledge of linear functions and the
graphs of linear functions to write a linear function that models this data. They will use thei