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SECTION I

OVERVIEW OF EXPLORE, PLAN,
AND THE ACT ASSESSMENT

In the early 1980s, American College Testing (ACT) saw a need for a
system that would respond to the planning and assessment needs of
students, parents, teachers, and administrators. We conducted an extensive
review of what is being taught in American schools, grade 7 through
college-sophomore level, in order to identify the important educational
goals that should be assessed. The study confirmed that there are skills
and understandings, which develop over time, that are vital to students’
success in their post-high school careers, whether they choose to enter the
workplace or to pursue a postsecondary education. The results of the study
laid the foundation for the design and development of our Educational
Planning and Assessment System (EPAS). The skills and understandings
identified by the study are clearly linked to thinking skills and are
described in more detail in Section IL

ACT’s Educational Planning and Assessment System includes three testing
programs: EXPLORE and PLAN tests for eighth- and tenth-graders,
respectively, and the ACT Assessment, taken by high school juniors and
seniors. The three instruments are administered at three separate points in
a student’s secondary-school educational experience.

EXPLORE is intended to be used by all eighth graders. In eighth grade,
students need to formulate their plans for high school, and the EXPLORE
program helps students investigate and understand a wide range of
options. The results from EXPLORE provide educators with the means to
structure high school planning and career exploration for students and
parents, as well as with a baseline to monitor students’ progress. Through
EXPLORE, a student’s strengths and weaknesses can be identified early in
his or her secondary-school educational experience.

The second program in EPAS begins when students enter 10th grade.
PLAN is a midpoint review of progress that is being made in high school.
For use by all students, PLAN provides direction for educational and
career planning that will allow for an adjustment in students” coursework
in order to be better prepared to achieve goals after high school.

The ACT Assessment is used by 11th and 12th graders who are
considering attending a college or university. Schools, by using the ACT
Assessment, not only help those students who are going on to a college or
university, but also receive a final measure of the outcomes these students
have attained by the time they reach their last two years of high school.
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By beginning to evaluate students’ strengths and weaknesses early in
grade 8 and continuing to assess progress through grade 12, educators
have information necessary to monitor and guide students as they prepare
for their high school and post-high school goals. EPAS provides schools,
parents, and students with:

* a student planning component, in which students are engaged in a long-
term planning process that begins with career exploration and
educational planning in grade eight, moves to career and educational
planning in grade ten, and concludes with students prepared for life
after high school.

® an assessment component in each of three programs: EXPLORE, PLAN,
and the ACT Assessment. Each program is composed of four tests—
English, Mathematics, Reading, and Science Reasoning—that measure
what students can do with what they know. A fourth program, Work
Keys, is a program to assess the skills employers are looking for and to
help students develop the workplace skills necessary to get the jobs
they want after high school.

* an instructional support component, offering teachers support in the
classroom through ACT’s PASSPORT Program, a high school portfolio
system in Mathematics, Science, and Language Arts, as well as through
instructional support guides like this one.

* an evaluation component, providing information that allows schools to
research and monitor student performance over time and to assess the
strengths and potential weaknesses of school programs.

Taken together, these four components provide students and parents with
information they need to help them make the most of their opportunities

and to guide them in future educational and career planning.

EXPLORE, PLAN, and the ACT Assessment

Testing Program | Target Grade Components Content Areas

Transition to * Student Planning * English
EXPLORE High School * Assessment » Mathematics

8th Grade * Instructional Support | » Reading

* Evaluation * Science Reasoning

Midpoint High * Student Planning * English

PLAN School Review | ® Assessment » Mathematics

10th Grade * Instructional Support | * Reading

* Evaluation * Science Reasoning

Transition * Student Planning * English

to College * Assessment » Mathematics

11th and/or * Instructional Support | « Reading

12th Grade * Evaluation * Science Reasoning

ACT Assessment




This guide has been prepared for teachers and is, therefore, related to the OVERVIEW
third element listed above, the instructional support component.

Throughout the guide you will find descriptions of the content and skills

assessed in EXPLORE, PLAN, and the ACT Assessment, but you will also

be introduced to ACT’s vision of the instruction-assessment link. We have

illustrated the instruction-assessment link by providing a prototype of a

mathematics instructional unit and sample classroom assessments.

—

"The instruckion - assessment” IMKJ

The sample instructional unit and classroom assessments have been
included to illustrate how classroom-based activities may be linked to
assessments and to the skills and understandings measured by the test
questions in EXPLORE, PLAN, and the ACT Assessment. As you review
the instructional activities and the classroom assessments, you will note
that they include tasks that engage students in small-group and large-
group work, provide opportunities for discussions, require student-led
presentations, and include both independent and collaborative work. These
activities are intended to illustrate how the skills and knowledge measured
by EXPLORE, PLAN, and the ACT Assessment can be taught in the
classroom.

The Need for Thinking Skills

The test questions in EXPLORE, PLAN, and the ACT Assessment focus on
a variety of thinking skills; students are asked to select, manipulate, and
apply skills, strategies, and processes to solve specific problems in specific
contexts. Every student comes to school with the ability to think; it is the
ability to analyze, expand, and understand one’s thinking that holds the
key to future achievement. It is more important now than ever before that
students in our schools not only know information, but be able to manage
it effectively. Students must be provided with the tools for ongoing
learning; understanding, analysis, and generalization skills must be

PRV & 3



SECTION 1

developed so that the learner is able to adapt to a variety of situations.
Our belief in the importance of developing thinking skills in learners was a
key factor in the development of EXPLORE, PLAN, and the ACT
Assessment. The test questions in each of the three programs are designed
to determine how skillfully students solve problems, grasp implied
meanings, draw inferences, evaluate ideas, and make judgments in subject-
matter areas important to success in intellectual work both inside and
outside of school.

Thinking skills are especially important at a time when skilled workers are
in increasing demand. We live at a time in which many familiar
assumptions and values are being questioned. The students in your
classrooms will be faced with increasingly complex realities, and their
effective adaptation to change will require them to address issues in
rational and creative ways, to cope with ambiguities, and to find new
means of applying and transferring information.

Q@*ﬁrg the “big petue”

Revolutions in communications and other technologies, as well as global
environmental and health issues that we all face, require choices and
planning for which many of us are not adequately prepared. Currently
available information and technology in many fields will soon be obsolete,
and there is reason to believe that this trend will continue. Richard Paul,
the director of the Foundation for Critical Thinking in Santa Rosa,
California, and a prolific writer in the area of critical thinking, has stated
that two characteristics of today’s world, increasing complexity and an
accelerated pace of change, “sound the death knell for traditional methods
of learning how to survive. . . . How can we adapt to reality when reality
won’t give us time to master it before it changes itself, again and again, in
ways we cannot anticipate?” (Paul, 1993)



How can we odapt
10 chavying realify ?

L

As a classroom teacher, you are integrally involved in preparing today’s
students for their futures. Such preparation must include the development
of thinking skills such as problem solving and decision making. Many
agree that only by developing thinking and reasoning skills can our
nation’s students fulfill their potential. In a recent policy statement, the
Council of Chief State School Officers urged that “schools, previously
asked to ensure the development of basic skills, now be required to teach
all students a new, broad range of skills demanded by the changing
contexts in which students live” (quoted in ACT’s brochure Thinking Skills
Measured in ACT’s Assessment Programs, 1992, page 1). The Council’s
statement illustrates the emphasis on thinking skills that is required by the
increasingly complex needs of our global economy and by America’s need
for educated and aware citizens. Yet what exactly are these thinking skills?
How do ACT’s assessment programs measure them? How can thinking skills be
embedded into the daily instructional activities and classroom assessments in
today'’s classrooms?

Content and Skills Measured in
EXPLORE, PLAN, and the ACT Assessment

Just as it is difficult to agree on the content of a curriculum, it is difficult
to determine what the phrase “thinking skills” encompasses. ACT’s
definition, therefore, is wide ranging, encompassing everything from skills
such as performing calculations to more complex skills, such as relating
various mathematical concepts. Generally speaking, higher-order skills

10
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SECTION 1

reflect an ability to select, manipulate, and manage core skills, strategies,
and processes in order to solve problems in specific contexts. The
acquisition and use of thinking skills, however, is not the product of a
linear instructional program; individuals may engage a unique subset of
skills each time they encounter a new problem. Similarly, the ease with
which individuals use certain skills depends on their experience and the
specific learning situations they encounter. Some students, for example,
may be able to find the solution to a problem using estimation, while
others may prefer to work out the entire problem on paper.

EXPLORE, PLAN, and the ACT Assessment measure thinking skills that
are important for success in high school, college, and work. Thus,
underlying the three testing programs is the belief that students’
preparation for further learning is best assessed by measuring, as directly
as possible, the academic skills that students have acquired and that they
will need to perform at the next level of learning. These skills are
measured through contexts representing the complexity of the tasks
students are asked to perform in college and in life. These thinking skills
are the focus of the content areas covered by each of the four tests in each
program: English, Mathematics, Reading, and Science Reasoning.

English Tests assess skills used in effective writing, including
organization, clarity, style, and rhetorical techniques in a given essay.
Students analyze a writing situation, selecting answers that best express an
idea, achieve a rhetorical purpose, make the statement follow standard
conventions of written English or are consistent with the style, tone, and
purpose of the passage. Many thinking skills need to be combined and

applied in answering the questions.

BEST COPY AVAILABLE
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Lance gazed into Nafasha's two
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Mathematics Tests assess thinking skills required to perform tasks of OVERVIEW
quantitative reasoning, such as applying and integrating skills in different
contexts or analyzing a problem situation to decide which skills to apply.

Analyzing o poblem. can
nvolve fransiatiry Erglish
Nto math ...

Reading Tests assess a broad range of thinking skills that include
recognizing how details are related to the main idea of a passage,
synthesizing information, analyzing the structure of a passage, and
drawing conclusions.

Science Reasoning Tests assess thinking skills, processes, and strategies
students use while learning and applying science. These skills include
comparing experimental designs and methods, comparing assumptions
underlying experiments, analyzing and interpreting data, making
generalizations, and identifying and evaluating conflicting points of view.

Science reasoni g involve s

aralyzing experimental designs,

- such as Archimedes’ observabions

reaardirg o body immersed

in a \iquid... .
N B
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section I The following sections of this guide will (1) describe the mathematics
content areas assessed by EXPLORE, PLAN, and the ACT Assessment and
the ways in which these tests measure thinking skills; (2) discuss the
importance of the instruction-assessment link; (3) provide a sample
instructional unit and classroom assessments for use in a ninth- or tenth-
grade mathematics classroom; (4) offer a list of ideas for other instructional
units in the mathematics area; and (5) describe the relationship between
the mathematics instructional unit and the test questions in EXPLORE,
PLAN, and the ACT Assessment. In addition to this Mathematics Guide,
there are two other instructional support guides focusing on the other
content areas assessed by EXPLORE, PLAN, and the ACT Assessment:
Language Arts and Science Reasoning.

13
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MATHEMATICS

The idea that all students can and must learn mathematics represents a
shift from earlier thinking and practices which dictated that learning
mathematics requires special ability that many students do not have. The
study of mathematics is truly an avenue to success, both in the student’s
future postsecondary work and in the workplace. Students, as well as
parents, need to realize that mathematics achievement is attainable by all,
and that success in mathematics will help students solve problems of
everyday life, help them participate intelligently in civic affairs, and
prepare them for jobs, vocations, or professions.

A Definition of Mathematics

The National Council of Teachers of Mathematics (NCTM) was one of the
first organizations to recognize the need for radical change in mathematics
education and to develop a set of standards for curriculum and.
assessment, referred to as the Standards (NCTM, 1989, 1991, 1995). In
addition to other recommendations, the Standards proposed a more “real-
life” orientation to mathematics than what was being used in schools at
that time. The Standards present a broad framework for mathematical
processes and concepts rather than a recipe book for understanding
formulas and rules. Further, this approach to mathematics integrates
technology, including the calculator, into the curriculum and considers
assessment to be a necessary tool of contemporary society.

Many theorize that the Standards document grew out of the inability of the
“back-to-basics” movement of the 1970s to come to terms with key issues
of the 1980s and 1990s. The back-to-basics movement emphasized rote
memorization of arithmetic facts and the learning of paper-and-pencil
algorithms. In doing so, the movement did not address critical components
of learning such as higher-order thinking, including problem solving, the
changing mathematical skills needed in the work force, findings from
cognitive research on teaching and learning, and the existence of
inexpensive calculators and computers.

According to the Standards, schools are expected to “insure that all
students have the opportunity to learn, and to become informed citizens
capable of understanding issues in a technological society.” Mathematics
teachers have been challenged to meet these broad goals, and, accordingly,
have begun to shift the emphasis to the thinking skills required to perform
tasks of quantitative reasoning. As the Standards are incorporated into
daily classroom practices, students are challenged to use the full range of
their mathematical skills, including such important skills as problem
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solving, communication, reasoning, and inventiveness. The goal is to teach
students how to apply these skills flexibly across a range of problems
within a variety of content areas. Describing the use of symmetry in a
work of art, devising an algorithm for use in a computer program, or
explaining one’s reasoning to a peer are some examples of possible
applications of mathematical skills important to a student’s success in high
school, college, and the work force.

The more tools you have in your Toolbo |
the beﬁerequipped You‘H be . .

ACT’s Mathematics Tests

ACT has been aware of and responsive to trends and expectations in
mathematics education. In order to define the most important outcomes of
mathematics education, ACT has invested considerable time and effort
seeking the advice and opinions of teachers, curriculum coordinators,
administrators, and course content experts; additionally, state curriculum
guides and the most widely used mathematics textbooks have been
reviewed. Based on the findings from these discussions, surveys, and
reviews, we were able to broadly define the important goals of
mathematics education. Briefly stated, the goals are that students be able to
understand and apply essential concepts and procedures, be able to reason
and to analyze, and be able to transfer problem-solving skills from one
context to another.

BEST COPY AVAILABLE ;5



The content for the Mathematics Tests is based on a detailed analysis of MATHEMATICS
the coursework included in grades seven through fourteen. Content areas

for the tests were defined by blending and allocating all of the topics

taught across the country, so long as the topics were common to most

curriculums. A second criterion used in the identification of mathematics

content areas was the degree to which the knowledge and skills

underlying the content areas were deemed important to success in later

mathematics, in the world of work, or in other facets of one’s life. Some of

the content areas line up with common course titles; however, it’s

important to note that not all courses with the same titles are equivalent.

Presently, the Mathematics Tests in EXPLORE, PLAN, and the ACT
Assessment are designed to reflect today’s mathematics curriculum

through a multiple-choice format. The three tests encompass key content
areas of the secondary school curriculum, including pre-algebra, algebra,
geometry (plane, coordinate, solid, and transformational), statistics /
probability, and trigonometry. Proficiency in these content areas is

necessary for success as students make transitions from grade-to-grade
within secondary school and as they move from high school to college and
into the workplace.

The content areas for the three Mathematics Tests are listed in Table 1 on
page 12. The table provides the number (and percentage) of test questions
in each content area. As you will note, there is a clear progression in the
content coverage of the tests from grades eight to twelve. Several points
need to be made about the labeling of the content areas, especially at the
eighth-grade level. At eighth grade, consistent with the NCTM Standards,
statistics/probability does not refer to the content of a statistics course, but
to the ability to process data. Similarly, eighth-grade “pre-geometry” deals
with using figures and diagrams to solve mathematical problems. At levels
higher than eighth grade, content definitions are consistent with standard
courses at the high school level. However, many topics, such as statistics
and probability, are measured in different content areas but do not
constitute a content area in and of themselves. For example, the content
area of Basic Statistical/Probability Concepts is listed as a content area in
the EXPLORE program but does not appear in either PLAN or the ACT
Assessment. This does not mean that PLAN and the ACT Assessment have
no statistics or probability test questions. These topics are integrated into
the other major content areas of the tests, as appropriate. In many cases,
these topics are a part of the Pre-Algebra content area. Also, Plane
Geometry is used to distinguish this content area from Coordinate
Geometry; Plane Geometry also includes some three-dimensional
applications as well as some transformational geometry.

16 1



SECTION II Table 1. Mathematics Test Content Specifications

Testing Program
EXPLORE PLAN A AcT
ssessment
Content Area Number and Percentage of Items
Probability Concepts | 4 (13%)
Pre-Algebra 10 (33%) 14 (35%) 14 (23%)
Elementary Algebra 9 (30%) 8 (20%) 10 (17%)
Pre-Geometry 7 (23%)
Plane Geometry 11 (27%) 14 (23%)
Coordinate Geometry 7 (18%) 9 (15%)
Intermediate Algebra 9 (15%)
Trigonometry 4 ( 7%)
Total Items 30 40 60

The cognitive levels assessed by the Mathematics Tests are listed in Table 2
on page 14. The numbers (and percentages) of items measuring each
cognitive level are reported. A detailed definition of each cognitive level
follows.

KNOWLEDGE AND SKILLS (KS)

These items test the direct use of one or more facts, definitions, formulas,
or procedures.

\\\
IZ //// // 7 - wi[TCbeancccngik/ fo
y answer somie Questions.
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DIRECT APPLICATION (DA) MATHEMATICS

Direct Application test questions are the same as those categorized as
Knowledge and Skills, except that DA problems are set in real-world
situations. Most familiar types of word problems would fit into this
category.

UNDERSTANDING CONCEPTS (UC)

UC items test for depth of understanding of a major concept. These items
are often more difficult or complex. UC problems involve reasoning from a
particular concept, perhaps drawing a conclusion or making an inference.
These items should appear novel to most students, and should elicit a
thoughtful, rather than a practiced, response (unlike KS and DA items). A
student would answer problems in this category correctly (discounting
guessing) only with a significant level of understanding of the concept
being tested.

INTEGRATING CONCEPTUAL UNDERSTANDING (IC)

IC questions require an integrated understanding of two or more major
concepts. IC problems are not routine. They may require planning, making
connections, generalizing, using mathematical insight, making value
judgments, synthesizing, or extending conceptual knowledge (applicable
also to UC items). '

The distinction between KS and DA is not in the degree of complexity, but
rather in the setting—purely mathematical as opposed to in-context. On
the other hand, setting does not distinguish between the last two
categories, UC and IC, but rather the necessity for integrating more than
one major concept.

Properly attired math question recoils in horror
from stripped-down, bare- bones Type.
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Table 2. Mathematics Test Cognitive Specifications

Cognitive Level*

Total
KS DA uUcC/Ic Items
Content Area Number and Percentage of Items
EXPLORE
Pre-Algebra 2 (.067) 3 (.100) 5 (.167) 10
Elementary Algebra 3 (.100) 2 (.067) 4 (.133) 9
Geometry 2 (.067) 2 (.067) 3 (.100) 7
Statistics/Probability 1 (.033) 1 (.033) 2 (.067) 4
Total Items 8 8 14 30
PLAN
Pre-Algebra 5 (.125) 6 (.150) 3 (.075) 14
Elementary Algebra 3 (.075) 2 (.050) 3 (.075) 8
Coordinate Geometry 3 (.075) 1 (.025) 3 (.075) 7
Plane Geometry 3 (.075) 3 (.075) 5 (.125) 11
Total Items| 14 12 14 40
ACT Assessment
Pre-Algebra 4 (.067) 8 (.133) 2 (.033) 14
Elementary Algebra 5 (.083) 3 (.050) 2 (.033) 10
Intermediate Algebra 5 (.083) 1 (.017) 3 (.050) 9
Coordinate Geometry 6 (.100) 1 (.017) 2 (.033) 9
Plane Geometry 9 (.150) 2 (.033) 3 (.050) 14
Trigonometry 3 (.050) 1 (.017) 0 (.000) 4
Total Items| 32 16 12 60

*KS = Knowledge and Skills; DA = Direct Application;
UC = Understanding Concepts; IC = Integrating Conceptual Understanding
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Sample Mathematics Test Questions

The following questions represent the types of questions students may
encounter in the Mathematics Tests in EXPLORE, PLAN, and the ACT
Assessment. Two of the sample test questions represent types of questions
students might encounter on the eighth-grade test, EXPLORE. The types of
questions students might encounter on the tenth-grade test, PLAN, and the
eleventh-twelfth grade test, the ACT Assessment, are each represented by
three test questions.

EXPLORE

Following are two examples of test questions that might appear on the
eighth-grade EXPLORE Mathematics Test.

1. Shown below is a protractor in position to measure an Question 1 addresses
angle. Which of the following is closest to the measure several basic concepts of
of that angle? measurement, including

understanding the concept
of degree in angles, knowl-
edge of how to use a pro-
tractor and how to read a
scale, and the ability to
adapt thinking since neither
of the rays that form the
angle is at the 0° mark.

In order to find the
measure of the angle in
question, a student might

A. 15: choose one of several stra-
g g;o tegies. For example, some
D. 72° : students might imagine ro-
E. 87° tating the protractor coun-

-terclockwise until the close

side of the angle goes
through the 0° mark, a rotation of about 15°. That would make the second side go
through the (72° - 15°) mark and the angle would measure about 57°—answer C. Other
students would more naturally subtract the measure of the angle from 0° to 15° from the
measure of the angle from 0° to 72°, rather than imagining rotating the protractor into
standard measuring position. While both strategies would yield the correct answer (C),
the methods are subtly different.

The most common incorrect answer is 72° (D), which is chosen when students fail to
account for the angle not being lined up with the 0° mark. Students who choose answer A
could be ignoring the arrow indicating which angle is being measured. Students choosing
answer B could simply be misreading the protractor or they may be looking only at the
angle and seeing that it resembles a 45° angle. Answer choice E might be eliminated
based on the student’s knowledge of what a 90° angle looks like. Students who have had
experience using protractors should be able to correctly answer this question.

This question is classified KS (Knowledge and Skills) because it is in a purely mathe-
matical context and students may be used to lining up rulers away from the end in order
to get a more accurate measurement.
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2. A survey taken at a local preschool asked each child Question 2 involves
for his or her favorite number. The following chart  reading and interpreting
shows the results. How many of the children’s favorite data presented in a chart.
numbers were also their age?

Students must be able to

. analyze the chart, under-
Favorite Number stand how the rows and
Age 2 3 4 5 over 5 columns are labeled, and
draw a conclusion based
3 4 8 7 2 1 on the evidence presented
4 2 9 9 8 3 in the chart. The correct

5 2 4 1 12 5
answer cannot be found by
A, 14 simply locating one number
B. 20 on the chart; rather, stu-
C. 29 dents have to take the
g 3‘7‘ statement about the chil-

dren’s favorite numbers
being their age and connect that statement to the row and column headings of the chart.
Students who select the correct answer will determine that there are 8 children who are
3 years old whose favorite number is 3; there are 9 children who are 4 years old whose
favorite number is 4; and there are 12 children who are 5 years old whose favorite
number is 5. This makes 8 + 9 + 12 = 29 children whose favorite number is their age
(answer C). Some students might figure out that the numbers involved (8, 9, and 12)
appear on a diagonal line on the chart. Answers A (14) and B (20) might be selected by
students who added 4 + 9 + 1 or 7 + 8 + 5 on other diagonals. Students who select
answer choice E might do so because of a lack of clear understanding of the problem’s
question, and/or because they added all the numbers on the chart.
This question is classified DA (Direct Application) because it includes the real-world
context of a survey conducted at a preschool.




PLAN MATHEMATICS

The following are examples of test questions that might appear in the
tenth-grade PLAN Mathematics Test.

3. Mary went bowling with 4 of her friends. Each girl Question 3 is a problem
bowled 2 games. These are the results of the games: that students may not find
difficult, yet it does require
Game 1 Game 2 some reasoning. A student
Mary 120 130 must decide which num-
Fran 124 128 bers to average, based on
June 118 132 . )
Dee 110 142 their reading and under-
Linda 120 140 standing of the problem.

The normal convention of

For those 2 games, who had the highest average? i
adding columns of numbers

A. Mary .

B. Fran ‘ will not lead to the correct
C. June answer.

D. Dee In this problem, there
E. Linda are several opportunities

for an insightful student to
use shortcuts that will save time and cut down on the possibility of error. One such
possibility is to observe that the average is highest when the sum is highest, so it is
unnecessary to actually divide all the sums by 2. Another way to simplify the problem is
to see that all of the 100’s in the girls’ scores can be ignored in deciding which average is
highest, since everyone is even on that count. Whatever method a student chooses to
solve this problem, the result will be that Linda's average is higher than the other
averages, and the correct answer is E.
This question is classified DA (Direct Application) because it is a straightforward
problem in the real-world context of people bowling and keeping score.
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4. The carpenter’s square, shown below, is marked off in Question 4 addresses
inches. What is the area, in square inches, of the the concepts of length and
rectangular board in the figure? area. Students who reason

— that the most common way
15 to calculate area for a rec-

b tangle is to find its length
12; and width and multiply the
9] two are a good share of

N the way to the solution to
6] the problem. But they must
3] also understand enough

i about measurement to see
0IIIIIIIIIIIIIIIIIYTITII.'ITI!I thatthe|engthoftheboard

0 3 6 9 121518 2124 27 is not 20 inches because
the left edge of the board

A. 169 does not start at the 0 inch
B. 20x11 mark. Similarly, the width
C. 16+9+16+9 : of the board is 2 inches
D. 20+11+20+11 less than the 11-inch
E. m reading of the top of the

board. So, the area is
(20 - 4) x (11 - 2) = 16 x 9, which is answer choice A. Students who do not notice that
the bottom-left corner of the board is not at (0,0) could arrive at 20 x 11 as the area, and
that is the most common wrong answer.

There are students who may not have the concepts of area and perimeter clearly
separated. Answer choice C is the board’'s perimeter, and answer choice D is the
perimeter calculation that could be made if the student did not notice the 2-inch gap
between the bottom of the board and the carpenter's square and the 3-inch gap on the
left of the board. Answer choice E represents the distance from the (0,0) point on the
carpenter’s square to the top right corner of the board. Each of these answer choices has
a form that will look familiar to students.

There are alternate methods of finding the area of the board. One is to find the area
of the larger rectangle from (0,0) to the upper-right corner of the board and then subtract
the areas of the gaps between the board and the carpenter’s square. Another method is
to imagine moving the board flush against the carpenter’'s square and find the distances
in that new position.

This question is classified DA (Direct Application) because students could count along
the ruler to get the length of the sides (a practiced method) and because of the real-world
context of carpenters’ tools. '

D
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5. In the figure below, 4B is a diameter of the circle Problem 5 is an appli-
graphed in the standard coordinate plane. Thecircleis  cation of symmetry, and
determined by the equation x* + y* = 25. The (x,y) there are many good ways
coordinates of 4 are (3,4). What are the (x,y) coordi- for students to approach

nates of B? the problem. Students who
have a basic understanding
ya
of the concepts of graphing
A in coordinate geometry will
. know that answers B, D,
-X and E may be eliminated
o because none of them are
B in the same quadrant as
point B, which would have
negative x- and y-coordi-
nates. Answer A, which
‘A, (4,-3) also has negative x- and y-
B. (4, 3) coordinates, is the most
C. (-3,4) ’ common wrong answer.
. g‘g:_“g Students could decide

to solve the problem using

the concept of formal
slope, or a student might reason that point A is as much above the x-axis as point B is
below the x-axis, and similarly for the distance right/left of the y-axis. Other students
might choose to draw the figure to scale in order to check whether the x- or the y-
coordinate was less negative and thus rule out answer A, arriving at the correct an-
swer, C.

From a transformational geometry viewpoint, point B can be viewed as a double
reflection of point A, first about the y-axis and then about the x-axis. The first transforma-
tion negates the x-coordinate and the second negates the y-coordinate, giving answer C.
Alternatively, point B could be viewed as a reflection of point A through the origin or as a
180° rotation of point A about the origin. (Each of these resulting transformations also
maps the circle and the diameter to themselves.)

For a formal slope approach, students might use the following procedures. Points O,
A, and B are on the same line, so the slope of that line can be calculated based on points

O and A as ﬁ = %:—:' = -;-. The slope can also be calculated for points O and B as

Y2 =n Ys-0 _ ¥

2°h _ Yo" _ Y8 The only answer for which £ = 4 is (-3,-4), where £ = 2,
X = X x3-0 Xg x 3 x -3

This question is classified UC (Understanding Concepts) because students must
decide on a method for choosing between answers A and C.

24
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ACT ASSESSMENT

Following are three examples of test questions that might appear on the
ACT Assessment Mathematics Test (for eleventh- and twelfth-grade
students).

6. In the figure below, points 4, B, C, and D represent To answer question 6,
" exits on a straight stretch of highway. The distance students must understand
from A to Cis 24 miles, from B to D is 32 miles, and  gistance concepts, they
the entire distance from A4 to D is 50 miles. What is the ’

distance between Band C? must know how to label a

diagram accurately in order

AA ; E' D to determine the missing

information, and they need
]A;L g to have an understanding
C. 18 of the relationship between
D. 26 overlapping distances.
E. 42 Students might approach

this problem in several
ways. One approach is to consider the distances given and note that when distance AC is
added to distance BD, part of the distance (distance BC) has been counted twice. The
total distance given for AD is 50 miles. If distance AC (24 miles) is added to distance BD
(32 miles), the total is 56 miles. From this information, students can correctly reason that
6 miles have been counted twice, and that distance BC is 6 miles.

Another excellent strategy would be to assign coordinates, viewing this highway as a
number line. For example, if point A is at coordinate 0, then point C has coordinate 24
and point D has coordinate 50. The coordinate for point B could then be found by
subtracting the distance BD (32) from point D's coordinate (50) to get point B's coordi-
nate (18). Knowing that the coordinate of point B is 18 and the coordinate of point C is
24, it becomes clear that the distance from point B to point C is 24 - 18 = 6.

Students might use logical reasoning to eliminate answer choices D (26) and E (42),
realizing that distance BC has to be less than distance AC (24), since BC is part of AC.
Another method, using logical reasoning, is to “try out” the answer choices. For example,
if students try answer choice B, making BC=8, then AB=24-8=16 and
BD =32 -8=24; then AB+ BC+ CD= 16 + 8 + 24 = 48, which isn’'t long enough.
Students who not only understand the underlying concepts but who have also had
practice in using a variety of strategies increase their chances of correctly finding
solutions to such problems.

This question is classified as UC (Understanding Concepts) because, though many
textbooks include a few problems similar to this one, students in general do not learn this
as a practiced skill but rather have to figure out how to fit the information together.
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7. The graph of y = f(x) is shown below.

Question 7 requires that
students understand under-
lying concepts of graphical
functions. This problem
asks students to work with
a graphical function where
the algebraic form of the
function is not a familiar
equation. Students have to
make graphical connec-
tions to the functional form
f(x) + 1. A student might
reason that, for each
particular x-value, the new
y-value is 1 more than the
old y-value, which was
f(x), and so the graph
would shift up by 1 unit at
each x-value. The result of
this reasoning would yield
the correct graph, answer
choice E.

Students who suspect
that the new graph is a
translation of the old one
but are not sure of the
direction might be likely to
select answer choice A, a
popular choice. A student
who was unsure of the
direction of the translation
might want to employ a
strategy for checking, such
as substituting a more
familiar function in place of
this f(x), such as x% (A
linear function may not be
a good choice.) Plotting a
few values on the curve

y = x*> + 1 would make it clear that this is a translation up by 1 unit. Answer choice C is a
reflection about y = x, which students might choose if they mistakenly incorporate ideas
about inverse functions. This question doesn’t ask students to solve a problem or come
up with a specific solution; it only asks them to think through principles of graphing and

functions to arrive at the correct graph.

This question is classified UC (Understanding Concepts) because it looks at translation
of equations (a topic covered in most curriculums) at an abstract level.

BEST COPY AVAILABLE
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8. A distress call from a camper is received by 2 ranger Question 8 asks stu-
ssttatti_ons#zs;a;ltion #1 is:j ltO rqilesthd:nt:hwest fror_x; dents to apply their knowl-
ation #2. The rangers determine that the camper i -
located as shown in the diagram below. How many edge of trlg.ono.metry to a
miles is the camper from Station #2 ? real-world situation. One of
camper the practical uses of trigo-

nometry is to find angles
and distances that are hard
to measure directly. Here,
a student who knows basic
trigonometric relations in a

. ° . right triangle can note that
Station 4 - L1 Station thge sides of the triangle in-

#1 10 miles #2 A
10 volved in the problem are
A. gy the side opposite the 43°
10 angle and the side adja-
B. P cent to the 43° angle. The
tangent function relates the
C. 10sind3° lengths of these sides to
the angle measure as
D. 10 cos43° follows: tan 43° = TdE where
E. 10tan43° d is the distance from the

camper to Station #2.
Solving this for d gives answer choice E. Other answers would be a result of misunder-
standing or misapplying trigonometric functions.

While that is a good solution, there are many other ways to approach the problem.
One of the more useful observations is that this is almost a 45°-45°-90°-triangle, so the
distance from the camper to Station #2 should be about 10 miles, and it should really be
a little less than 10 miles because 43° is slightly less than 45°. Approximating sin 43° and
cos 43° as about 0.7 puts answer choices A and B at about 14, answer choices C and D
at about 7, and answer choice E at about 10, making E the most reasonable choice. Even
if students don’t feel confident about using sine and cosine, using estimation skills gives
them a way to feel confident about the solution.

This question is classified DA (Direct Application) because it is an example of how
trigonometry can be used in the real world, and it is similar to many textbook problems.

The sample test questions from the Mathematics Tests in EXPLORE,
PLAN, and the ACT Assessment are intended to illustrate some of the
ways thinking skills can be utilized when answering test questions. The
next section shows how thinking skills help to form the link between
instruction and assessment.
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THE INSTRUCTION-ASSESSMENT LINK

Instruction and assessment are sometimes viewed as separate activities.
When instruction and assessment are viewed as separate activities, a unit
of instruction is frequently taught from a textbook, students read and
answer questions, and then a final unit test is administered. The results of
such unit tests are used to determine if students have learned the material.
The assignment of grades occurs next in this nearly linear process with
those students “who have learned it” receiving an A or a B and those
students “who haven’t learned it” receiving a D or an F. When students
receive their grades, the process is repeated with the teacher dispensing a
new set of information. When instruction and assessment are “delivered”
in this way, there is little or no opportunity for students to learn from the
test, to use their mistakes as springboards to new knowledge, or to

incorporate knowledge from one unit of work into the work of the next
unit.

There is now a rich body of evidence that supports the practice of linking
assessment with instruction so that assessment is not a single activity or an
exercise that stands apart from the instructional process. Rather, the
education community now supports the integration of assessment into
instructional activities in such a way that the two are viewed as being
inseparable. Assessment used in this way can be described as a “feedback
loop” linked to instruction. Assessment becomes more than collecting data;
its primary use is that of influencing instruction. Linking instruction with
assessment places the teacher in the role of a facilitator and places new
responsibilities on the students.

As one begins to see assessment as integral to the entire teaching-learning
process, then one must also recognize the changes that need to occur in the
classroom environment. If you believe that one learns by connecting past
experiences and prior knowledge to new concepts and new information,
then you have placed the student at the center of the learning experience.
Such a view of learning can be visually represented in a map of classroom

activities that includes both instruction and assessment (see Figure 1 on
page 24).

[
0

23



SECTION 111

The Instruction-Assessment Link:

g
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|
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knowledge and new:evidence
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claify,
Sl

from which students
receive feedback

Figure 1. Activities Comprising the Instruction-Assessment Link

The classroom activities mapped in Figure 1 provide a visual
representation of the instruction-assessment link (adapted from
Greenwood, 1996). Assessment is embedded in the day-to-day functioning
of the classroom. We are using the term “embedded assessments” to
describe those assessments that are primarily teacher developed and that
are integral to the instructional process. Such assessments are designed to

improve student learning and to help teachers determine students’
instructional needs. Embedded assessments:

help to focus teachers and learners on the important elements of the
curriculum

» are indistinguishable from instruction

provide information about student progress and the instructional
process

* use multiple methods of assessment

* occur daily and are cumulative

* allow students to show what they know and can do
* provide opportunities for student self-assessment

As teachers expand the types of assessment tools used in the classroom,
they are providing an opportunity to increase their understanding of
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students’ learning. The instruction and assessment activities that are INSTRUCTION-
illustrated in Figure 1 place the student at the center of the learning é;s:ssmm
experience. When students are placed at the center of learning, they begin

to learn to question, and, in doing so, they begin to trust their intuition.

Having a strong sense of self can have unlimited benefits for students

when they are called upon to demonstrate their proficiency in more formal

testing situations such as EXPLORE, PLAN, and the ACT Assessment.

An example of the instruction-assessment link is provided in the next
section of this guide. We have developed an instructional unit and sample
classroom assessments for use in a ninth- or tenth-grade pre-geometry or
geometry class. Many of the skills and understandings embedded in the
unit are those that are assessed at varying degrees of sophistication in the
Mathematics Tests from EXPLORE, PLAN, and the ACT Assessment.
Although we chose ninth and tenth grades as the focal points for the
instructional unit, it could be used with older or younger students who are
studying pre-geometry or geometry.

and

Hovse.
Construction
V7,
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MATHEMATICS INSTRUCTIONAL UNIT AND
SAMPLE CLASSROOM ASSESSMENTS

Unit on Geometry and House Construction

The mathematics unit that follows relates the study of geometry with
house construction. The unit is provided as an example of how classroom
instruction and assessment, linked with an emphasis on thinking skills, can
help students practice skills and understandings they will need in the
classroom and in their lives beyond the classroom. It is these very skills
and understandings that are represented in the Mathematics Tests in
EXPLORE, PLAN, and the ACT Assessment. It is our belief that as
students engage in such classroom activities and assessments, they will be
using the types of skills and strategies that they will also need to use in
more formal testing situations.

The unit asks students to gather information from various sources that
describe the techniques, tools, or mathematical concepts involved in the
construction of a house. Students would also learn about the detailed
planning involved in constructing a new home, analyzing many aspects of
the building process. They would be involved in applying geometry to the
world beyond the classroom, using mathematical reasoning to explain
conclusions and generalizations, and communicating about mathematics
orally and in writing. The unit attempts to engage students in a variety of
thought-provoking activities, including small- and large-group discussions,
reflective writing, presentations of logical reasoning, and independent and
collaborative activities. By helping your students, through daily classroom
instruction and assessment, to engage in strategies for thinking, you will
be helping them to succeed in many types of situations.

The unit that follows was developed to illustrate various types of activities
and assessment tasks that encourage the development of thinking skills.
Included in this section, you will find a description of the unit and its
development; a school vision statement; course goals and benchmarks for a
geometry class; seventeen classroom activities, seven of which have been
expanded to include detailed classroom assessments; and a list of selected
resources.

RELATIONSHIP OF UNIT TO ACT’S ASSESSMENTS

The primary purpose of including the unit in this guide is to illustrate the
link between classroom-based activities and assessments and the skills and
understandings measured by EXPLORE, PLAN, and the ACT Assessment.

The ckills and understandings forming the basis for the instructional unit
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are provided in a list of goals and benchmarks that can be found on pages
32-35 in this section. As you review the list, you will note that some of the
benchmarks are highlighted; those that are highlighted represent the
benchmarks that are assessed in full or in part by the Mathematics Tests in
EXPLORE, PLAN, and the ACT Assessment.

A VISION FOR STUDENT LEARNING

Based on conversations with faculty and staff at schools engaged in the
process of curriculum renewal, we have found that faculties of successful
schools have a clear vision of what they believe students will need to
know and be able to do, both now and.in the future. At best, a school’s
vision for student learning is the result of a staff’s careful consideration of
the many ways in which students learn and teachers teach. Successful
schools have often involved parents, students, and the community in
educational planning. A clearly articulated vision of a school’s educational
goals provides a common language or framework for everyone to work
from. It can also prompt teachers to reflect on how their course goals fit
into and work toward the common vision. With this in mind, we wrote a
vision statement as the first step in developing the unit; next, course goals
and corresponding benchmarks for a geometry course were developed. The
vision statement, goals, and benchmarks have served as the foundation for
the activities and assessments in the instructional unit. A sample vision
statement for a school appears with the goals and corresponding
descriptive benchmarks for a geometry course on pages 32-35 of this
guide.

PURPOSE OF THE UNIT

We chose house construction as the topic for this unit for several reasons.
First, many students may be involved at some point in their lives in the
remodeling or construction of either a home, a business, or a building in
their community. Second, since mathematics is both practical and
theoretical in nature, this unit attempts to make the theoretical practical by
involving students in the uses of geometry in the real world.

The unit engages students in an in-depth look into the field of home
construction, addressing both exterior and interior house construction
issues. The intent of the unit is to encourage students to develop an
understanding of geometry as they learn how its properties and concepts
can be directly applied in various contexts. Some of the unit activities
prompt students to develop and build upon their understanding of
geometric figures and to encourage a greater understanding of measuring
and measurement systems. Other activities help students to understand the
connections and relationships among mathematical topics and to develop
mathematical strategies in order to solve problems and make decisions in
the classroom and beyond. The instructional unit also attempts to foster in
students positive attitudes, perceptions, and dispositions about learning.
Finally, the unit provides students with opportunities to transfer their

32
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skills and understandings beyond the classroom—to other disciplines and
to other “real-world” situations.

Some.  activities encovrrae. a
greater unac.r_smné.‘mb of

measurir\g) and MEASOrement”
Sysfenis

As you will see, this is not intended to be a ready-to-use unit. Its main
purpose is to illustrate how an instructional unit can incorporate
assessment. To actually use this unit in the classroom would require a
considerable amount of preparation of materials for students. (For those
teachers who wish to explore these directions, a list of resources is
provided on pages 103-104). For the purposes of this document, we have
tried to paint a reasonably clear picture of how the unit could work in the
classroom, leaving room for you, the reader, to use your imagination and
envision how it might work with your students.

The unit, as written, would need to be supplemented by a variety of
textbook materials and perhaps by other resources such as computer
software and the like. Some of the instructional activities may not be seen
as directly developing geometry skills, but they are included because they
provide a context for the unit, connecting geometry to the real world. Basic
geometry skills not addressed in this unit would, of course, be taught
through other units.

CONTENT OF THE UNIT

The content of the unit is based primarily on skills and understandings in
the areas of geometry and measurement. However, the unit also focuses on
using number theory concepts, exploring mathematical relationships,
communicating mathematical ideas and concepis, developing thinking
skills, solving mathematical problems, and developing skills for lifelong

o
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learning. These skills and understandings, which were drawn from an ‘ MATHEMATICS
extensive review of standards documents, state curriculum guides, and NIt
other resources, such as the Systematic Identification and Articulation of

Content Standards and Benchmarks and The ASCD Curriculum Handbook, were

written as end-of-course benchmarks for a geometry or pre-geometry

course. A large portion of these classroom goals and benchmarks reflect

the same skills and understandings as those measured by EXPLORE,

PLAN, and the ACT Assessment. As stated previously, the goals and

benchmarks can be found on pages 32-35; they appear again in chart form

on pages 38-41 to show the correspondence between goals and

benchmarks of the course and activities and assessments of the unit.

Based on such factors as your interests or those of your students, the
available resources, and the length of the class period, a unit such as this
could last anywhere from several intensive weeks to a semester. While this
unit is intended to be taught as part of a geometry course, it could also be
related to various art or tech-prep classes, although the selection of
benchmarks would change according to the context in which the unit
would be taught. Also, we hoped this topic might inspire students to
investigate other mathematical ideas or concepts and to make connections
with various other disciplines.

Since families have an important role in education, this unit affords
opportunities for family members and friends to become involved in
various activities or to serve as consultants to the class.

EMBEDDED ASSESSMENTS

Many of the activities created for the unit contain ideas for possible
embedded assessments. As stated previously, we are using the term
“embedded assessment” to describe those assessments that are primarily
teacher developed and that are an integral part of the curriculum. Such
assessments are designed to improve student learning and to help teachers
determine students’ instructional needs. The unit suggests various ways in
which you might document or record students’ learning during an activity.
Forms for recording or collecting information include such options as
classroom observations, checklists, and questionnaires. Some assessments
also include a rating scale, a scoring rubric, or an answer key for
evaluating student learning.
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Checklists are one way
tfo document students’ learning.

Please note that the activities in this unit are not necessarily tied to any
one form of assessment; therefore, any of the embedded assessments
suggested in this unit could be modified or altered to meet the needs of
your students. Since this unit was designed as a prototype, only seven of
the unit’s seventeen activities have been developed in greater detail,
providing actual samples of embedded assessment tasks and scoring
criteria. The seventeen activities, including the seven which have related
embedded assessments, can be found on pages 42-101. As you review the
activities and embedded assessments, you will find that the goals and
benchmarks covered by each activity/assessment are excerpted from the
longer list, which appears on pages 32-35.

The criteria for an embedded assessment (that is, the specific traits,
attitudes, and knowledge that define the skills and understandings
expressed in the broad goals and benchmarks for the course) can be
generated by the teacher and/or the students. More and more, teachers
seem to be making sure that students are aware of the purposes of the
activities and of the skills and understandings that will be assessed; the
embedded assessments included here are based on the assumption that
students will know exactly what they are being evaluated on.

The embedded assessments measure most, though not necessarily all, of
the benchmarks listed for an activity because an activity may encourage
the development of more skills and understandings than can be assessed at
one time. The sample embedded assessments presented here were
designed to be used at different points during the unit, thus providing
multiple assessments and sources of evidence. For example, one of the
assessments is a checklist for a math log/journal that could be used with
many of the unit’s activities. Another assessment, linked to the activity of
discussing the connections between house construction and geometry, is a
chart that could be used at the beginning of a unit and throughout the
unit. Still another sample assessment is linked to the activity of creating a
three-dimensional scale model of a house, a project that would occur near
the end of the unit and that would illustrate students’ understanding of

o 30

ERIC 39




various mathematical ideas and concepts. The students’ projects could be gATHEMATICS
. . . NIT
assessed using a scoring rubric.
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SECTION 1V VISION STATEMENT

To encourage every student to develop independence as a lifelong learner, to
acquire and integrate essential knowledge and skills, to assume productive
roles in the community and the interdependent world, to make effective deci-
sions based on understandings of themselves and the world around them, to
communicate effectively in diverse situations, to think creatively, logically,
and critically in the classroom and beyond, and to affirm the worth and dig-
nity of self and others.

GOALS AND BENCHMARKS

Course: Geometry

{Note: Highlighting denotes those benchmarks that are assessed in full
or in part by EXPLORE, PLAN, and the ACT Assessment.)

Goal: To develop an understanding of two- and three-dimensional

geometric figures

a. Describes, visualizes, draws, and constructs two- and three-
dimensional geometric figures

b. Investigates, deduces, and explains properties of and
relationships between geometric figures

c. Classifies figures in terms of properties, including congruence
and similarity, and applies these relationships in solving
problems

d. Understands transformations and uses them as a tool to solve
problems

e. Develops and applies formulas for perimeters, circumferences,
areas, and volumes of geometric figures

f." Understands and uses properties of lines, angles, triangles,
quadrilaterals, and circles in solving problems

g. Understands perspectives and cross-sections of three-
dimensional figures

Goal: To understand the structure and uses of measurement systems

and to measure accurately using appropriate instruments

a. Understands why measurements are used, ways in which
measurements arose, and ways in which measurements are
standardized

b. Understands measurement, using appropriate instruments to
accurately determine angle, length, weight, mass, time, etc.

c. Uses units of measure when expressing quantities and chooses
appropriate units of measure for the situation

d. Understands limitations and precision of measurement
instrumerts

e. Understands differences and relations between length, area, and
volume

(68 ]
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f. Converts from one unit of measurement to another within the Il\}/\THEMATICS
NIT
same system or between systems :
g. Makes and reads scale drawings

Goal: To examine numbers in the context of broader mathematical

systems

a. Understands and uses the processes of computation and
estimation with fractions, decimals, and integers

b. Understands how to use. calculators and computer software,
recognizing their limitations

c. Selects appropriate computatldﬁig;methods,:foyr_ example using
mental arithmetic, paper and pencil, calculators, and/or
computers

d. Represents numbers and operations in a variety of equivalent
forms, using models, diagrams, and symbols

e. Understands and applies percents, ratios, and proportions in a
wide variety of situations

f. Applies number theory concepts](prlmes, divisibility, number

Understands the pprppses_ f ___:__V,_mulas and ‘how formulas work

g-

Goal: To understand the connections and relationships among various

mathematical topics and their applications in the real world

a. Explores relationships among various mathematical’ concepts or
topics

b. Models real-world objects w1th‘.geometr1c figures,:and models
complex geometrlc flgures ith'simpler geometric figures

c. Recognizes that some _geometric figures have concise algebraic
representations and vice versa; and uses these alternate
representations to solve problems

d. Understands that any mathematical model, graphic or algebraic,
is limited in how well it can'represent how the world works

e. Uses mathematical patterns, including numeric and geometric
patterns, to solve problems

f. Explores relationships between: real-world problems and
accepted mathematical models

g. Investigates connections and'interrelationships between
mathematics and other disciplines or applied fields

h. Describes how seemingly different mathematical systems may
be essentially the same

i. Understands the nature of axiomatic systems, the reasons for
developing such systems, and the role of proof; realizes that
results proven for one system do not necessarily hold in another
system

w
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Section IV Goal: To effectively communicate mathematical ideas through writing,
speaking, and visual representation

O

- 34

Goal:

Goal:

Goal:

a.

b.

Participates in group discussions involving mathematics,
synthesizing the ideas presented

Uses mathematical language and diagrams to effectively express
ideas orally and in writing

Uses mathematical models, drawings, facts, properties, and
relationships to explain own thinking

Understands the role of definitions and notation in
mathematical thinking and communication

Recognizes the importance of providing and communicating
both complete and accurate mathematical information

To apply thinking skills to develop greater understanding across
the curriculum

a.

Uses inductive and deductive reasoning to make conjectures, to
construct arguments, and to validate and prove conclusions and
generalizations

Recognizes correct logical arguments as well as fallacies in and
assumptions. underlying an argument

Makes inferences and predictions based on logic and probability
Recognizes when mathematical information is incomplete,
redundant, or extraneous

To select and apply mathematical strategies to solve problems in
the classroom and beyond

a.
b.

Identifies and analyzes problems

Generates and accepts divergent or alternative approaches and
solutions to-a problem

Chooses from among varioiis solution stratégies the one that
seems best

Formulates a planto solvé a problem

Selects and applies appropriate tools and technology to solve
problems

Determines if the solution of a mathematical or real-world
problem is reasonable

Looks back for patterns that can be useful for solving other
problems

Knows that if one strategy does not work another strategy
might

To develop and utilize the skills and attitudes of a lifelong
learner

a.

b.

Monitors own thinking and performance; asks clarifying
questions to clear up own misunderstandings
Understands the value of continual mathematics learning
throughout life

(%)
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Gathers and uses mathematical information from various MATHEMATICS
resources UnIT
Understands that mathematics can be (and is) built on

mathematical investigation or inquiry done by others

Becomes aware of the importance of mathematical discoveries

and mathematicians across cultures and throughout history

Exhibits dispositions (cooperation, independence, persistence,

etc.) conducive to effective mathematical learning

Reads about mathematics with understanding

Understands the role of justification in the mathematical

learning process

Accepts new knowledge critically, through analysis, reflection,
and inquiry

40
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SECTION IV

Activities and Assessments for the Unit

On pages 42-101 are descriptions of seventeen activities that could be
included in a unit on the uses of geometry in the construction of a house;
seven of the activities have been expanded to include embedded classroom
assessments. The activities were developed to involve students in reading
building plans, constructing scale drawings and scale models, and
observing the ways that geometry is important to house construction. A
related goal was to engage students in measurement activities. Students
will also be involved in learning to work in small and large groups as well
as independently to investigate, discuss, and plan for “building” a house.
In addition, they will make plans for finishing the interior of the house.

Involve students in
read\'vxﬁ blueprints.

Please note that the activities and assessments developed for this unit are
only suggestions. You are the best judge of what is necessary and relevant
for your students. Therefore, you are encouraged to examine the list of
activities, using those that apply, modifying others as needed, and deleting
those that are not appropriate for your students. Although presented in a
particular order, the sequence of activities could change. It is assumed that
the unit would be used near the beginning of a geometry course and that
during the time students are engaged in the activities described here, they

are likely to also be engaged in math activities from their geometry
textbooks.

NN
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Following is a list of activities developed for the unit. An asterisk (*) MATHEMATICS

denotes that embedded assessments have been developed to accompany
the activity. Related goals and benchmarks on which each activity is based
can be found on the chart on pages 38-41.

Activity A: Discussing House Construction and Geometry*

Activity B: Keeping a Math Log/Journal*

Activity C:  Visualizing the Construction Process

Activity D: Réading About and Discussing Building Plans

Activity E:  Selecting a House Plan ‘

Activity F:  Investigating Geometric Constructions with Drafting
Tools

Activity G: Creating a Scale Drawing of a Room*

Activity H: Scheduling Work on a House

Activity I  Exploring Building Methods and Tools

Activity J:  Selecting Materials for a House*

Activity K:  Uses of Perimeter, Area, and Volume in House
Construction*

Activity L:  Determining Costs of Materials

Activity M: Creating Illusions in a House

Activity N:  Exploring Patterns and Transformations

Activity O: Exploring Symmetry in Wall Coverings*

Activity P:  Constructing a Three-Dimensional Scale Model*

Activity Q:  Solving Various House Construction Problems

42
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SECTION IV

ACTIVITY A: DiscusSING HOUSE CONSTRUCTION AND

GEOMETRY*

Purpose of Activityl/Assessment

-]

To engage students in conversations about constructing a building (house,
apartment building, etc.)

To encourage students to reflect on their knowledge by discovering
connections between topics and by formulating questions that will facilitate
further exploration

To develop students’ awareness of mathematical concepts or terminology
To encourage students to develop appropriate group participation skills

Description of Activity

The teacher might begin the unit by asking the students to share their thoughts
and ideas about house construction and geometry, establishing a starting place
for both students and teacher. The teacher could begin the discussion by saying
the following: “What do you know about house construction? What do you know
about geometry? Explain-in more detail the idea(s) you have mentioned. How do
you think geometry is used in building? How could we find out if we are correct
in our assumptions about geometry and house construction?” The teacher could

b guide and encourage the students to reflect on their knowledge, developing their
awareness of the connections between the two topics. For instance, students

might make such comments as “You use geometry in getting measurements,” or

“You need a math education to do construction.” In addition, the teacher or
several student volunteers could record the ideas suggested, creating a diagram

to graphically illustrate relationships or connections between house construction
2 and geometry.

House Construction

Relationships Geometry

build things °

use certain nails

use tools (hammers, wrenches) .

takes a long time

get cement, build the .

foundation

* put up walls .

* put on sides of the house and
the roof

¢ put on drywall

¢ put on floors

* put in counters and other stuff
like that

¢ do the wiring

e putin carpet

* paint walls and put in doors

you use geometry in J
getting measurements J
you make scale drawings °
for the architecture
you use geometry to place .
windows, doors
you need a math education o
to do construction

it has to do with shapes
it is hard

you make things out of
shapes

has to do with angles,
lines

you do graphs

(Note: The examples given are based on the assumption that students are beginning the instructional
unit in the fall semester.)

' How Student Learning Could Be Assessed

Teacher Notes — Throughout the unit, students will be using a graphic organizer

callad
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each student could receive a K-W-L chart and be asked to fill in the first column MATHEMATICS
of the chart—"What I know (K) about house construction and /or geometry.” UNIT
After completing this task, pairs of students might brainstorm about what they

hope to discover or learn during the unit. Each student would then fill in the

second column of the chart—"”What I want (W) to find out about house

construction and geometry”—either during or after the brainstorming session.

The teacher should look over the charts at this point to see what students know

and want to learn. The charts will then be returned to the students so that they

can add to the chart on an ongoing basis. The teacher will collect the charts at

various intervals throughout the unit in order to see and make note of the skills

or understandings students are developing. The students can fill in the final
column—"What I have learned (L) about house construction and geometry”—

whenever they believe they have found a satisfactory answer to a question. The

chart has the potential to illustrate what students have learned from various

sources as well as whether they have found answers to all of their questions.

Students would return to the chart at the end of the unit to discuss how their

learning has evolved. They might also use their completed charts as the basis for

a final entry in their math log/journal (see Activity B, page 46).

Resources or Materials Needed

» Paper/chalkboard to list ideas
* One or more K-W-L charts for each student (see Ogle, 1986)

Optional Activity

A surveyor could be invited to talk to the class about the role of surveyors in the
field of construction and the mathematical principles involved in surveying a lot
that a house or other building might be built on. The surveyor could describe the
techniques and tools he/she uses to determine the area of a piece of land,
including the lengths and directions of the area’s boundaries and the contours of
the land’s surface. In addition, the surveyor could describe how he/she records
the information gathered on a piece of land.

Related Goals and Benchmarks

Goal: To develop an understanding of two- and three-dimensional geometric figures
b. Investigates, deduces, and explains properties of and relationships between geometric
figures

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world
a. Explores relationships among various mathematical concepts or topics
f. Explores relationships between real-world problems and accepted mathematical models
g. Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation
a. Participates in group discussions involving mathematics, synthesizing the ideas presented
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing
e. Recognizes the importance of providing and communicating both complete and accurate
mathematical information

Goal: To apply thinking skills to develop greater understanding across the curriculum

a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
¢. Makes inferences and predictions based on logic and probability

52
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SECTION IV Goal: To develop and utilize the skills and attitudes of a lifelong learner
a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
b. Understands the value of continual mathematics learning throughout life

f. Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning

ERIC
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SECTION IV

46

ACTIVITY B: KEEPING A MATH LOG/JOURNAL*
Purpose of ActivitylAssessment

* To develop students’ understanding of mathematical concepts, principles, and
terminology

* To develop students’ awareness of the connections between mathematical
topics, various disciplines, and other applied fields

* To encourage students to communicate their thoughts, interpretations,
and/or questions through writing

Description of Activity

Students will be engaged in a variety of activities throughout the house
construction unit, such as reading information on house construction, discussing
mathematical concepts and ideas, and applying their mathematical knowledge
through various hands-on activities. The students could keep a math log/journal
in which they might respond to and reflect upon what they have read and are
learning. They could be given time each day to record their ideas, which may
include noting how what they are learning in their geometry class connects with
their other experiences; reflecting on their understanding of and growth in
geometry; relating their thoughts about mathematics in general; responding to
written prompts or open-ended questions posed by the teacher; formulating
logical arguments by using sound mathematical reasoning; etc. The students
might also indicate their successes and/or need for help, and make comments or
pose questions they have. The logs/journals may also include problem solving
ideas or solutions, or graphic representations of information. At the conclusion of
the unit, the students could create a final entry in their log/journal that reflects
what they have learned about themselves, geometry, and house construction. The
teacher will review the students’ logs/journals periodically to note their thinking
processes and to provide feedback to the students about their successes,
questions, or concerns.
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How Student Learning Could Be Assessed MATHEMATICS

UNIT
Math Log Checklist — A checklist could be used to evaluate students’ entries in
the math log/journal. The criteria for the checklist could be generated by the
teacher and/or students. The checklist may be developed in various ways: it may
cover a wide range of skills and understandings, it may cover a specific set of
skills and understandings, or it may change as the unit unfolds to reflect new
skills and understandings being learned. The checklist on page 49, for example,
assesses such broad skills as mathematical understandings, the use of
mathematical language, and mathematical reasoning or argumentation. It also
assesses the students’ abilities to make inferences and generalizations, to ask
thoughtful questions, and to reflect on their own thinking processes. The math
log/journal could continue throughout the entire unit.

Teachers could use the checklist in several ways. For example, teachers could be
sure students understand that the checklist is to be used during the entire unit
and that all the criteria on the checklist should be illustrated somewhere in the
journal but certainly all would not be used in each entry. Another approach
might be for a teacher to specify certain checklist criteria to be used in certain
entries, or for a teacher to ask students to choose one or two criteria from the
checklist to focus on as they write each journal entry. The checklist could be used
either by the teacher or students to evaluate entries in the math logs/journals.

Resources or Materials Needed

* Either a spiral-bound notebook, or looseleaf paper and a small 3-ring binder,
for each student

Related Goals and Benchmarks

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world

a. Explores relationships among various mathematical concepts or topics
g. Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation

b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

c. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking

d. Understands the role of definitions and notation in mathematical thinking and
communication

e. Recognizes the importance of providing and communicating both complete and accurate
mathematical information

Gaal: To apply thinking skills to develop greater understanding across the curriculum
a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
b. Recognizes correct logical arguments as well as fallacies in and assumptions underlying an
argument
c. Makes inferences and predictions based on logic and probability

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond

Identifies and analyzes problems

Generates and accepts divergent or alternative approaches and solutions to a problem
Chooses from among various solution strategies the one that seems best

Formulates a plan to solve a problem

Selects and applies appropriate tools and technology to solve problems

Determines if the solution of a mathematical or real-world problem is reasonable
Looks back for patterns that can be useful for solving other problems

Knows that if one strategy does not work another sgt@y might

SR ompon o

47

ERIC N
BEST COPY AVAILABLE



SECTION IV Goal: To develop and utilize the skills and attitudes of a lifelong learner
a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
Understands the value of continual mathematics learning throughout life
Gathers and uses mathematical information from various resources
Reads about mathematics with understanding
Accepts new knowledge critically, through analysis, reflection, and inquiry
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Math Log Checklist If‘fltrl;fmmﬂcs

(The blanks at the end are for additional criteria generated by the teacher and/or students.)

Name:

Yes/No
(include dates that
Criteria log/journal is reviewed) Comments

Makes connections between
mathematics and other disci-
plines or applied fields

Generally uses precise
mathematical language and
notation

Explains own thinking; may
use mathematical models,
drawings, facts, etc.

Provides both complete and
accurate mathematical
information

Uses logical reasoning to :
make conjectures, to construct
arguments, and/or to val-
idate and prove conclusions

Comments on arguments, rec-
ognizing fallacies or
underlying assumptions

Makes inferences and/or
generalizations based on logic
and probability

Analyzes problems, selecting
various solution strategies
and tools

Poses thoughtful questions

Reflects on and assesses own
thinking and learning

Writes about mathematical
materials read with
understanding

Analyzes new information
gained
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secron IV ACTIVITY C: VISUALIZING THE CONSTRUCTION PROCESS

Purpose of ActivitylAssessment

o To help students to think carefully about and sequence the various steps in
the construction process

¢ To help students obtain information from other resources and incorporate
this information into their predictions

» To help students negotiate a class list

Description of Activity

Students could volunteer to provide an oral synopsis of the discussion held
previously about house construction and geometry, with the teacher providing
additional information or clarification as needed. Afterward, students could be
encouraged to think about and try to visualize all the steps necessary to the
building process. In small groups, the students could generate a list and predict
the order in which each step would be completed, using logical reasoning to
support their decisions and assumptions. The students might generate a list such
as the following:

T
Find a lot

Select a house plan
Dig a hole
Pour concrete
Build the walls and floors
Put on the roof
Do the inside stuff
(plumbing/wiring)
8. Finish outside
9. Finish inside
10. Paint/decorate
11. Landscape

NN

After the students generate their
small-group lists, information
about the construction process
could be given to students, perhaps
through videos, slides, or
photographs. In addition, the
teacher could invite a contractor to
visit the class. The class could
prepare questions for the
contractor, such as 1) What are
your responsibilities on the job?

2) What tools do you use? 3) What
mathematical knowledge do you
utilize when building a home,

21 33 Students covld 1Yy {o visvalize
apartment, or other building? the- ofeps I Hw vilding oncess.

4) What kinds of costs does a
contractor bear? 5) In what ways
could people save time or money by doing some of the work themselves? 6) In
your opinion, what are the pros and cons of being one’s own contractor? 7) How
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much time do you spend building a house? 8) What happens if you don’t finish MATHEMATICS
the house on time? 9) What is the most difficult step in building a house? UNIT

As a class, students could create a class list from their original lists and from the
additional information they have received, using a chalkboard, an overhead, or a
projected computer screen. Students are almost certain to discover that their
small-group lists are organized in different ways and have different amounts of
detail, and that the extra information the class received conflicts with their
original lists. For example, one source might suggest choosing the house plan
first, then finding a lot for it. But, it is equally valid for students to reason that
they should choose the lot first and then find a house plan to fit the lot. Students
may even discover that some of the extra information is in conflict. The class will
need to negotiate how the steps should be described, and perhaps it would even
be necessary to negotiate an acceptable process for trying to agree on the steps.
This is an important place for the teacher to facilitate the process, knowing when
to let students work out their own solutions and when to provide suggestions,
support, and feedback.

How Student Learning Could Be Assessed

Anecdotal Notes — The teacher might want to informally note students who are
participating in the small-group discussions, communicating their ideas, applying
thinking skills, etc.

Resources or Materials Needed

* Chalkboard, overhead projector, or projected computer

* Videos, slides, or photographs about home construction

* Possibly a timetable for house construction for the teacher to use as a
reference or for students to compare with their list at the end of the activity

Related Goals and Benchmarks

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation
a. Participates in group discussions involving mathematics, synthesizing the ideas presented
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing
e. Recognizes the importance of providing and communicating both complete and accurate
mathematical information

Goal: To apply thinking skills to develop greater understanding across the curriculum

c. Makes inferences and predictions based on logic and probability
d. Recognizes when mathematical information is incomplete, redundant, or extraneous

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond
a. Identifies and analyzes problems
b. Generates and accepts divergent or alternative approaches and solutions to a problem
c. Chooses from among various solution strategies the one that seems best
d. Formulates a plan to solve a problem

Goal: To develop and utilize the skills and attitudes of a lifelong learner
a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
c. Gathers and uses mathematical information from various resources
f. Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning
i. Accepts new knowledge critically, through analysis, reflection, and inquiry
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Ssecion IV ACTIVITY D: READING ABOUT AND DISCUSSING
BUILDING PLANS

Purpose of Activity/Assessment

* To encourage students to explore geometric figures and their properties

* To encourage students to integrate new information with their prior
knowledge

* To develop students’ understanding of mathematical terminology

To enhance students’ awareness of various measuring tools

~» To facilitate students’ exploration of the techniques of perspective

Description of Activity

Throughout the unit, the teacher will be providing the students with written
information about the building process. First, students will be reading
information about the initial step in the construction process—the planning stage.
The teacher could introduce or review mathematical terminology pertinent to the
building process like congruence, similarity, proportion, scale, etc., as'well as
providing some concrete examples of each. In order to help guide the students’
reading, the teacher might ask them to think about the following questions while
reading: 1) Who do you think uses building plans?, 2) What types of information
do building plans provide?, 3) What types of views do building plans provide?,
4) Why are these different views needed?, 5) In what ways are building plans
useful?, 6) How might the building plans reflect congruence?, similarity?,
proportion?, scale?, and 7) What tools or technology can be used to create
building plans? Time could be given during the class to read the articles,
followed by a discussion of the information in either large or small groups.

what types of views do
blueprints provide ?

L

. How Student Learning Could Be Assessed
Math Log Checklist — Students could use their math log/journals to comment on

what they have iearned through their reading and from thinking about the

6 ' R
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questions posed by the teacher. The teacher could assess each student’s log/ MATHEMATICS
journal entry using the checklist developed for this unit, which can be found on UNIT
page 49.

Resources or Materials Needed

* Information about the building process
* Sample building plans

Optional Activity

The teacher could invite an architect or draftsperson to join the class to describe
his/her responsibilities on the job, the tools used, and the mathematical
knowledge utilized when designing a home, apartment, or other building.

Related Goals and Benchmarks

Goal: To develop an understanding of two- and three-dimensional geometric figures

b. Investigates, deduces, and explains properties of and relationships between geometric
figures

c. Classifies figures in terms of properties (including congruence and similarity), and applies
these relationships in solving problems

e. Develops and applies formulas for perimeters, circumferences, areas, and volumes of
geometric figures

f. Understands and uses properties of lines, angles, triangles, quadrilaterals, and circles in
solving problems

Goal: To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments
g. Makes and reads scale drawings

Goal: To examine numbers in the context of broader mathematical systems
e. Understands and applies percents, ratios, and proportions in a wide variety of situations

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world .
f. Explores relationships between real-world problems and accepted mathematical models
g. Investigates connections and interrelationships between mathematics and other disciplines
or applied fields
Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation
a. Participates in group discussions involving mathematics, synthesizing the ideas presented
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing
¢. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking
Goal: To apply thinking skills to develop greater understanding across the curriculum
a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
Goal: To develop and utilize the skills and attitudes of a lifelong learner

a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings

b. Understands the value of continual mathematics learning throughout life

g. Reads about mathematics with understanding
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ACTIVITY E: SELECTING A HOUSE PLAN

Purpose of ActivitylAssessment

* To guide students’ exploration of geometric figures and their properties

* To develop students’ understanding of how to make conjectures

* To encourage students’ use of sound mathematical reasoning to justify a
choice

* To encourage students to participate in small-group discussions

Description of Activity

In order to encourage students” understanding of the first step of the building
process—the planning stage—students could be given several house designs and
descriptions of several building sites to choose from. Each house design should
include the following information: the estimated construction cost, dimensions of
the house, etc. The building site descriptions give students a context for their
decision, providing, for example, dimensions and location, contours, vegetation,
and aesthetics of views in different directions. At the same time, the imaginary
owner’s personal and financial situation (physical and personal needs of the
family, income, etc.) would be described to the students. Not all of the house
designs would be appropriate for all building sites, and some of the sites might
not be suitable for house construction. '

Depending on the needs of the students, the teacher might facilitate a discussion
of geometric terms and relations in the context of the house designs and site
descriptions. The discussion might include such things as students finding
examples to illustrate the concept of point, line, and plane as well as parallel
lines, obtuse and acute angles, and right triangles. Building sites may come in
different geometric shapes, and the teacher could ask students which geometric
shapes would make good sites for a house and why. Students could be led to
visualize that the intersection of two planes is a line, as evidenced from the roof
peaks and valleys. Also, students might be asked, among other things, why
various right angles on the house do not look like right angles on the picture.
The teacher and students may discover many other connections between
geometry and house construction while examining the building plans.

Students could then move into small groups to study the information and
generate a list of all of the reasonable combinations for a house design and
building site. During the group discussions, the teacher would guide students in
making conjectures using the information provided. For example, students might
conjecture that ”If the lot has a steep slope, house design X would not be
appropriate.” Groups would also be asked to discuss the pros and cons of each of
the listed combinations.

The groups’ lists would then be merged into a class list illustrating the
reasonable combinations. Any disagreements among the groups could be
resolved by letting the groups involved explain why a combination was or was
not on their list. If the class agreed that a combination was not reasonable, it
should be removed from the class list. If there was disagreement, the
combination should stay on the class list.
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After the class list is completed, all students should be able to nominate from
among the combinations. When nominating a combination, students should give
one or more reasons why the combination is best for the imaginary buyer. Other
students may second the nomination with their reasons.

Then, students could cast their vote for the combination they think best. Results
will be tabulated and the winning combination announced.

How Student Learning Could Be Assessed

Anecdotal Notes — The teacher could note students using logical reasoning based
on the information provided about the imaginary buyer, the house designs, and
the building site descriptions.

Math Log Checklist — Students could be asked to record some of their conjectures
in their math log, which would be evaluated along with the other entries

“according to the checklist on page 49.

Resources or Materials Needed

» Descriptions of the building sites and of the potential homeowner

* Multiple copies of several different house plans. (Note: The house plans
might be furnished by an architect or contractor who is working with the
class, or they might be found in various books in the library or for sale at
hardware stores or lumber companies. See resources on page 104.)

Optional Activity

Arrangements might be made in order to give the geometry students first-hand
experience with a house that is currently under construction. A local contractor,
perhaps a parent or friend, might consult with the students. Some students might
engage in a building project themselves through a tech-prep class.

Related Goals and Benchmarks

Goal: To develop an understanding of two- and three-dimensional geometric figures
b. Investigates, deduces, and explains properties of and relationships between geometric
figures
g- Understands perspectives and cross-sections of three-dimensional figures
Goal: To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments
g. Makes and reads scale drawings

Goal: To examine numbers in the context of broader mathematical systems
a. Understands and uses the processes of computation and estimation with fractions,
decimals, and integers
c. Selects appropriate computation methods, for example using mental arithmetic, paper and
pencil, calculators, and/or computers

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world

f. Explores relationships between real-world problems and accepted mathematical models
g- Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation

a. Participates in group discussions involving mathematics, synthesizing the ideas presented
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

64
BEST COPY AVAILABLE

MATHEMATICS
UNIT

55



SECTION IV

O

ERIC

Aruitoxt provided by Eic:

Goal: To apply thinking skills to develop greater understanding across the curriculum

a.

b.

C.

Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations

Recognizes correct logical arguments as well as fallacies in and assumptions underlying an
argument

Makes inferences and predictions based on logic and probability

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond

a.
b.
c.
f.

Identifies and analyzes problems

Generates and accepts divergent or alternative approaches and solutions to a problem
Chooses from among various solution strategies the one that seems best

Determines if the solution of a mathematical or real-world problem is reasonable

Goal: To develop and utilize the skills and attitudes of a lifelong learner

a.

Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings

Gathers and uses mathematical information from various resources

Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning
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SECTION IV

ACTIVITY F: INVESTIGATING GEOMETRIC
CONSTRUCTIONS WITH DRAFTING TOOLS

Purpose of Activity/Assessment

* To show students how to use drafting tools in order to construct drawings
* To allow students to experiment with geometric constructions

Description of Activity

The teacher could begin this activity by introducing students to various drafting
tools, such as T-squares, triangles, circle guides, protractors, compasses, and
rulers. Then, students could be asked to construct various figures such as a
square, a triangle, a cube, etc. Students could then move on to construct, for
example, a line parallel to a given line through a given point, a line
perpendicular to a given line through a given point, a circle that has two given
points as the endpoints of a diameter, an angle bisector, and an enlargement or
reduction of a given figure. The students could also draw diagrams to represent
geometry theorems they have learned.

S

friargle family.

How Student Learning Could Be Assessed

Scoring Rubric — The teacher could select one or two of the constructions the
students worked with previously, asking them to list the steps they used to make
the construction. The rubric could assess the correctness of the students’
construction and the clarity of the explanation, which would include a diagram
illustrating the sequence of steps.

Resources or Materials Needed

* Paper and pencil
+ Drafting tools
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Related Goals and Benchmarks MATHEMATICS

Goal: To develop an understanding of two- and three-dimensional geometric figures Unr
a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures
b. Investigates, deduces, and explains properties of and relationships between geometric
figures
f. Understands and uses properties of lines, angles, triangles, quadrilaterals, and circles in
solving problems
Goal: To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments
a. Understands why measurements are used, ways in which measurements arose, and ways in
which measurements are standardized
b. Understands measurement, using appropriate measurement instruments to accurately
determine angles, length, weight, mass, time, etc.
c. Uses units of measure when expressing quantities and chooses appropriate units of
measure for the situation -
d. Understands limitations and precision of the tools of measurement
e. Understands differences and relations between length, area, and volume
f. Converts from one unit of measurement to another within the same system or between
systems :
g. Makes and reads scale drawings
Goal: To examine numbers in the context of broader mathematical systems
e. Understands and applies percents, ratios, and proportions in a wide variety of situations
g. Understands the purposes for formulas and how formulas work
Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world
f. Explores relationships between real-world problems and accepted mathematical models
Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond
e. Selects and applies appropriate tools and technology to solve problems
59
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ACTIVITY G: CREATING A SCALE DRAWING OF A ROOM*

Purpose of Activity/Assessment

* To develop students’ understanding of proportion
* To increase students’ skill in reading, interpreting, and making scale
drawings

Description of Activity

After a house plan is chosen, students could move into small groups; each small
group could select a slip of paper that would designate which parts of the house
plan they will be working with. For example, Group 1—living room, bathroom,
and driveway; Group 2—kitchen/dining area, master bedroom, and basement;
and Group 3—bedroom, bathroom, and walkways outside. All the students will
learn about the external structure of the house, comparing notes periodically on
decisions made regarding the interior parts of the house.

The teacher will demonstrate how to make a scale drawing of a deck or patio, on
both graph paper and unlined drawing paper; during the demonstration, the
teacher will discuss the concepts of proportion and scale and explain the thinking
used in creating the scale drawing. The teacher will also review the concept of
ratios, demonstrating how special features, like chairs and tables, should be in
proportion to the scale used for the drawing. After the demonstration, the
students will select a room from their respective parts of the house and create a
scale drawing of it, using the dimensions given on the building plans. The scale
drawing should provide a detailed floor plan of a specific room, including select
furnishings and a descriptive key. Either the teacher could provide the scale for
all students to use, or individual students could determine the scale for their
particular rooms. Similarly, a key (symbols for the door openings, windows,
closet areas, stairways, outlets, etc.) could be provided, the class could develop a
key, or individual students could develop their own keys. (The teacher might
provide various examples of architectural drawings in order to focus students’
attention on the symbols and notations used.) The students could also submit
written explanations of how they completed their drawings, including any
mathematical calculations they completed.
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How Student Learning Could Be Assessed

Rating Scale — A qualitative rating scale, such as the one on page 63, could be
used to assess the students’ mathematical skills and understandings, how well
they communicated their ideas, and the quality and accuracy of the scale
drawing.

Resources or Materials Needed

* Graph paper and unlined drawing paper
 Copies of architectural drawings, including keys

Optional Assessment

Paper and Pencil Tasks — The students could be assigned various problems that
would give them practice in converting from one scale to another and one
measurement system to another; the problems could give real-world dimensions
to be converted to a small scale, or scale dimensions to be converted to real-
world measurements. The problems might require the use of either paper and
pencil or calculators. Problems such as these are found in some geometry
textbooks.

Optional Activity

Students might make a scale drawing of a room in their home, or of a room in
some other building.

Related Goals and Benchmarks

Goal: To develop an understanding of two- and three-dimensional geometric figures

a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures
g. Understands perspectives and cross-sections of three-dimensional figures
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Goal:

Goal:

Goal:

Goal:

To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments

C.

d.

f.

8-

Uses units of measure when expressing quantities and chooses appropriate units of
measure for the situation

Understands limitations and precision of the tools of measurement

Converts from one unit of measurement to another within the same system or between
systems

Makes and reads scale drawings

To examine numbers in the context of broader mathematical systems

a.

d.

e.
8-

Understands and uses the processes of computation and estimation with fractions,
decimals, and integers

Represents numbers and operations in a variety of equivalent forms, using models,
diagrams, and symbols

Understands and applies percents, ratios, and proportions in a wide variety of situations
Understands the purposes for formulas and how formulas work

To understand the connections and relationships among various mathematical topics and their
applications in the real world

f. Explores relationships between real-world problems and accepted mathematical models

To effectively communicate mathematical ideas through writing, speaking, and visual

representation

b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

¢. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking

d. Understands the role of definitions and notation in mathematical thinking and
communication

e. Recognizes the importance of providing and communicating both complete and accurate

mathematical information
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Rating Scale

CRITERIA AND SCORING

Quality of Work

Has worked diligently to construct a clear, neat drawing
Has illustrated functionality through the arrangement of the furnished room

little evidence some evidence much evidence

Accuracy of Work

Has accurate computation skills
Has carefully drawn furnishings in proportion to the stated scale

little evidence some evidence much evidence

Mathematical Skills and Understandings

Has thoughtfully selected an appropriate scale
Shows understanding of ratios and proportions
Has carefully chosen appropriate tools and units of measurement

little evidence some evidence much evidence

Organization of Information

Has included necessary information in the drawing (scale, mathematical
notations, descriptive key, etc.)

little evidence some evidence much evidence

Communication of Ideas

Provides a well-reasoned explanation of processes used
Uses appropriate mathematical language to express ideas
Refers to various aspects of the scale drawing to explain own thinking

little evidence some evidence much evidence

Comments:

Names/Group: ' Date:
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ACTIVITY H: SCHEDULING WORK ON A HOUSE

Purpose of ActivitylAssessment

¢ To develop students’ problem-solving skills and decision-making skills
° To give students practice in the estimation of time
* To help students construct a graph, chart, or timeline

Description of Activity

This activity relates the building of a house to other quantitative topics such as
estimating and scheduling time. Using the class list of steps in building a house
(negotiated in Activity C), students could tentatively order the steps, listing them
on a large sheet of paper. Afterward, the students could add the people who
would complete each of the construction steps (carpenters, electricians, plumbers,
roofers, concrete layers, etc.). The list could then be represented as a chart, graph,
or timeline with estimates of how long each group of workers would need to
complete their work, assuming good weather and no major problems. A
contractor could be brought in to describe the process he/she goes through in
developing a construction schedule, as well as discussing the class schedule and
workers’ labor costs. '

scinedvled , what will you do ?

If Hie plvmloor does ot Come wievt —k

How Student Learning Could Be Assessed

Paper and Pencil Tasks — The students could, in small groups, determine how to
represent, using a graph, chart, or timeline, the work to be completed on the
house. The students need to include such information as who would work, when
they would work, what tasks they would complete, how long it would take to
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Math Log Checklist — Students could write an entry in their math logs about the
scheduling and graphing processes. The entry could be assessed using the
checklist on page 49.

Optional Activity

It would be possible to continue this activity by introducing students to project
management techniques, such as PERT (Program Evaluation and Review
Technique) Analysis, which is used to schedule complex projects. There are also
many project management computer-software packages on the market.

Resources or Materials Needed

* Copies of calendars to use for estimating time
* Possibly a sample work schedule to be used as a reference for the teacher or
the students

Related Goals and Benchmarks

Goal: To understand the structure and uses of measurement systems and to measure accurately using

appropriate instruments

b. Understands measurement, using appropriate measurement instruments to accurately
determine angles, length, weight, mass, time, etc.

c. Uses units of measure when expressing quantities and chooses appropriate units of
measure for the situation

f. Converts from one unit of measurement to another within the same system or between
systems

g. Makes and reads scale drawings

Goal: To examine numbers in the context of broader mathematical systems

a. Understands and uses the processes of computation and estimation with fractions,
decimals, and integers

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation
a. Participates in group discussions involving mathematics, synthesizing the ideas presented
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

Goal: To apply thinking skills to develop greater understanding across the curriculum
a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
¢. Makes inferences and predictions based on logic and probability
d. Recognizes when mathematical information is incomplete, redundant, or extraneous

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond
Identifies and analyzes problems

Generates and accepts divergent or alternative approaches and solutions to a problem
Chooses from among various solution strategies the one that seems best

Formulates a plan to solve a problem

Determines if the solution of a mathematical or real-world problem is reasonable

mao TR

Goal: To develop and utilize the skills and attitudes of a lifelong learner
a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
b. Understands the value of continual mathematics learning throughout life
f. Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning
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ACTIVITY I: EXPLORING BUILDING METHODS AND TOOLS

Purpose of Activityl/Assessment

° To help students see that many construction methods are based on geometry

¢ To develop students’ ability to construct proofs

* To help students deal with the inherent imprecision in real-world
applications

Description of Activity

The first activity is to stake the outlines for the foundation of the house design
chosen by the class. As a preparation exercise, the class could brainstorm
different ways for constructing this shape, making sure angles and side lengths
are all accurate. For example, students might suggest using a protractor to
measure angles and a yardstick to measure side lengths; another method might
be to measure side lengths with a tape measure and measure the lengths of
diagonals to be sure the angles are correct. After brainstorming, students could
divide into small groups and each group take a different one of the brainstormed
methods to justify as producing the correct shape. Justifications can be based on
theorems and properties that the students have already covered or that can be
found in geometry textbooks that might be available to the students. For
example, students might base their justifications on the Pythagorean Theorem, on
the theorem stating that diagonals of a triangle are congruent, or on the theorem
stating that two coplanar lines perpendicular to the same line are parallel to each
other.

A group’s justification could be something like the following:

2 o

25 w 3

S

First, put down a stake at the NW corner. Measure 25’ south using a tape measure and
directional compass. Place a stake there. Then go straight east 34’ and place a stake. By
going straight east, the angle at the SW corner is a right angle (or close enough as long as
you’re not building near the north pole). Continue north 25, placing a stake. Since N, S, E,
and W are perpendicular (or close enough), and since the opposite sides are the same
length, the angles are all 90°, and the shape is a rectangle of the correct size.

If some of the methods do not produce the correct shape, it is up to the group to
show that the method does not work, perhaps with a counterexample. Different
groups will have tasks of different difficulties. If there are more than enough
methods to go around, some groups could do more than one. Some of the
methods may never be proven as correct or incorrect, which is appropriate since
unsolved problems are a part of mathematics. Later in the course some of the
students may be motivated to work further on the proofs.

To actually stake the foundation, the class could be divided into one group for
each of the methods that have been. proven correct. Then, on the school grounds



or at a nearby park, each group of students could use their assigned method to MATHEMATICS
stake the foundation. After groups have finished staking their foundations, Unit

groups could switch to check each other’s work. One observer from the original

group might stay to observe the second group at work and certify measurements.

Measurements of each side and each diagonal should be made, in addition to

checking angles as desired. These measurements should be recorded, perhaps on

a diagram. (If it is not feasible to stake full-sized versions of the foundation, then

the teacher could ask students to stake scaled-down versions, perhaps on the

school grounds or at a park, or perhaps in tubs of dirt or on paper.)

The next part of the activity involves analyzing each of the methods to determine
how accurate they were for creating the foundation shape. Each of the staking
groups could decide on the accuracy of the method they used for creating the
foundation shape and on the accuracy of the method they checked for another
group. Groups should get together with the group that checked their
measurements, in order to agree on the accuracy of the method. As the results
are agreed upon, they should be posted on the chalkboard or in another spot
where the class can view the report. Accuracy may not necessarily be based on a
number; the result could be a description.

After the reports are posted, the class could review the results. The class may
request further analysis from some of the groups in order to make the results
more comparable across methods.

To help show how applications of mathematics must deal with imprecision in the
real world, groups could analyze the various methods for creating the foundation
outline. Students would consider the precision of the measurement instruments
used, and then they would do a geometric construction of the foundation outline
with measurements off by the maximum imprecision of the measurement tools.
Groups should see how far off the shapes of the foundation could possibly be
from the desired shape when they are still following a construction method that
works perfectly in theory. The teacher may wish to discuss the idea of errors
compounding or errors cancelling.

Results of this experiment could be posted on the board. After that, the class
could select the method they think would be the most practical at the
construction site.

The next activity could be to research methods used by actual construction
workers to lay out a foundation. One interesting and relatively easy way to
obtain this information would be to invite a contractor to come and explain how
it is normally done and to answer other questions. (If it is not feasible for a
contractor to visit the classroom, the groups might be assigned library research.)
If the method chosen by the class differed from the method used on the job, the
class could work to justify which method is really better.

A carpenter could also be asked to visit the classroom. Students could ask about
“tricks of the trade” for accomplishing certain tasks, such as cutting boards to the
correct angles, making sure walls are straight, adjusting things to correct for
imperfections in materials or in parts of the house already nailed in place,

putting stairways at the correct angle, and the like. Students could ask how |
builders use various tools, such as a mitre box or azgcarpenter 's. sq\uare, ‘and use=
various techniques to ensure horizontal, vertical, and parallel lines and right
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angles. (The teacher might consult with the carpenter in advance to determine
which methods might have underlying geometry.) It is then the task of the class
to justify the methods used in the field as producing the correct results, using
geometry theorems as appropriate. Students might work on this task in small
groups and then report their progress to the class. As before, the class might not
solve all of the problems right away. (If a carpenter is unable to visit the
classroom, these methods may be researched in local libraries and the other parts
of the activity could then be based on that research.)

Slope:ﬂéf 2_\//1__'_7\1
e X - X,

-

How Student Learning Could Be Assessed

Paper and Pencil Tasks — The class could be given a new problem that is related
to justifying a particular technique used by a carpenter. For example, a carpenter
might use two carpenter’s squares to make sure that the lumber he cuts will form
congruent angles with a wall. Students could write a justification to show that
the pieces of lumber cut will form congruent angles. Students can also be asked
to explain their problem-solving processes by reference to various theorems and
axioms. Problems such as these appear in some geometry textbooks.
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Resources or Materials Needed

» A place to lay out a full-sized foundation

* Stakes and string; carpenter’s tape measures; perhaps a carpenter’s framing
square; other tools appropriate for student’s methods of laying out
foundation ’

» Photographs, diagrams, and/or reading materials about constructing the
structural framework of a house

* Videos illustrating house construction techniques

Optional Activity

Teachers might encourage students to experiment with a number of geometric
figures in order to discover which ones are rigid and which are non-rigid. (The
vertex angles of figures are allowed to change, but side lengths must not change.)
After some experimentation, the class could study trusses used to support roofs,
perhaps examining photographs, diagrams, or detailed drawings of various kinds
of trusses. From these connections, the class can make conjectures about rigidity
and tie these conjectures back to congruence theorems such as side-side-side, and
why there is no side-side-side-side theorem for quadrilaterals.

A carpenter could be consulted about how builders measure the pitch or slope of
a roof, and the teacher could help the class connect the coordinate geometry
concept of slope to the slope of a roof. Students could use the concept of slope to
calculate the length of the rafters in the attic of their house, given a specific
slope.

Related Goals and Benchmarks

Goal: To develop an understanding of two- and three-dimensional geometric figures
a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures
b. Investigates, deduces, and explains properties of and relationships between geometric
figures ) )
f. Understands and uses properties of lines, angles, triangles, quadrilaterals, and circles in
solving problems

Goal: To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments
b. Understands measurement, using appropriate measurement instruments to accurately
determine angles', length, weight, mass, time, etc.
c. Uses units of measure when expressing quantities and chooses appropriate units of
measure for the situation
d. Understands limitations and precision of measurement instruments

8L 77
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Goal:

Goal:

Goal:

Goal:

Goal:

Goal:

To examine numbers in the context of broader mathematical systems

a. Understands and uses the processes of computation and estimation with fractions,
decimals, and integers

c. Selects appropriate computation methods, for example using mental arithmetic, paper and
pencil, calculators, and/or computers

e. Understands and applies percents, ratios, and proportions in a wide variety of situations

To understand the connections and relationships among various mathematical topics and their

applications in the real world

a. Explores relationships among various mathematical concepts or topics

b. Models real-world objects with geometric figures, and models complex geometric figures
with simpler geometric figures

d. Understands that any mathematical model, graphic or algebraic, is limited in how well it
can represent how the world works

§. Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

To effectively communicate mathematical ideas through writing, speaking, and visual

representation .

a. Participates in group discussions involving mathematics, synthesizing the ideas presented

b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

c. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking

To apply thinking skills to develop greater understanding across the curriculum

a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations

b. Recognizes correct logical arguments as well as fallacies in and assumptions underlying an
argument

To select and apply mathematical strategies to solve problems in the classroom and beyond
a. Identifies and analyzes problems

b. Generates and accepts divergent or alternative approaches and solutions to a problem
c. Chooses from among various solution strategies the one that seems best

d. Formulates a plan to solve a problem

h. Knows that if one strategy does not work another strategy might

To develop and utilize the skills and attitudes of a lifelong learner
¢. Gathers and uses mathematical information from various resources

f. Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning



secioN IV ACTIVITY J: SELECTING MATERIALS FOR A HOUSE*

72

Purpose of Activityl/Assessment

* To encourage students to gather information from a variety of sources

* To develop students’ problem-solving strategies

To develop students’ cooperative skills

* To encourage students to effectively communicate their ideas and
understandings to their peers.

* To give students practice in recording information on a chart

Description of Activity

This activity provides the context for Activities K (Uses of Perimeter, Area, and
Volume in House Construction) and L (Determining Costs of Materials).

The students, as a class, could talk in more detail about the next step in the
building process—the list of materials needed to build a home. Because materials
are essential to the building process, the students could generate a preliminary
list of materials needed for the construction of house and could pool their
knowledge about various types of building materials.

——

Students covld gemerate o List of
malenals nezded to build a howie .

After the discussion, the students could move into their designated groups as
chosen in Activity G (Creating a Scale Drawing of a Room). Each group could
assign various tasks to individual group members, including responsibilities and
timelines for collecting information about building materials. Students will be
given a chart (page 76) on which to record the information they gather about
selecting materials such as lumber, flooring, wall coverings, fixtures, etc. needed
for their assigned rooms. As they collect information, the students may discover
such things as how long the materials will last, the cost and installation

1
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requirements for each, etc. Students might bring in samples or pictures of MATHEMATICS
materials in various price ranges. They should be given time to collect the UNIT
information and to discuss and share their findings with one another so that

informed decisions could be made about their respective rooms in the house.

Students will need to ensure that all the materials they select fit together

aesthetically. In addition to the chart, students will receive a questionnaire

(page 75) about the problem-solving processes of the group to complete with the

members of their group. (Option: Each group of students could focus on selecting

materials for only one room of the house.)

After a tentative plan has been formed, each student would complete the chart,
outlining the features of a specific type of material he or she was responsible for.
The teacher would provide assistance and support during the information-
gathering process and would review the charts when completed. (Note: This
chart will be used again in Activity L: Determining Costs of Materials.)

How Student Learning Could Be Assessed

Questionnaire — As a group, the students would complete a questionnaire
designed to encourage cooperative working relationships and to help them
develop an effective plan of action. The questionnaire could ask such things as: 1)
Can you explain the task and its key elements?, 2) Have you thought about and
discussed possible plans for completing the task?, 3) Can you list the steps to be
taken to complete the task?, 4) Did your group use an appropriate strategy for
each step or sub-step?, 5) Explain how this task is similar to other tasks you have
encountered, and 6) Did the strategies your group chose or the decisions your
group made work?

Resources or Materials Needed

* Books, magazines, or advertisements to help facilitate the students’
investigations. (Note: Students could gather other information or materials by
visiting local businesses, placing phone calls, etc.)

Optional Activity

The students could talk with retail sales people concerning sale prices, discounts
for buying in bulk, seasonal savings, etc.

Related Goals and Benchmarks

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world
g Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation

a. Participates in group discussions involving mathematics, synthesizing the ideas presented

b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

c. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking
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SECTION IV Goal: To apply thinking skills to develop greater understanding across the curriculum
a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
b. Recognizes correct logical arguments as well as fallacies in and assumptions underlying an
argument
c. Makes inferences and predictions based on logic and probability

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond
Identifies and analyzes problems

Generates and accepts divergent or alternative approaches and solutions to a problem
Chooses from among various solution strategies the one that seems best

Formulates a plan to solve a problem

Selects and applies appropriate tools and technology to solve problems

Determines if the solution of a mathematical or real-world problem is reasonable

Looks back for patterns that can be useful for solving other problems

Knows that if one strategy does not work another strategy might

TR e a0 o

Goal: To develop and utilize the skills and attitudes of a lifelong learner
a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
¢. Gathers and uses mathematical information from various resources
Reads about mathematics with understanding
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MATHEMATICS
Group Questionnaire
This questionnaire is designed to be used by all the members of a group to guide their

planning and development of an effective plan of action and to reflect on their problem-
solving strategies and decision-making skills.

Directions:
1) As a group, carefully read each question.
2) Place a “v/” and a date in the scoring box that applies.
3) Discuss each question with the members of your group and write a group response.

Scoring Questions Responses
Yes Not Can you explain the Task(s):
quite | task(s) and its key
elements?
Yes Not Have you thought about | Best solution:

quite | and discussed possible
plans for completing the
task(s)?

Yes Not Can you list steps for Steps in process:
quite | completing the task(s)?

Yes Not Did you use an Strategies used:
quite [ appropriate strategy for
each step and sub-step?

Yes Not Explain how this task is | Explanation:
quite | similar to other tasks
you have encountered.

Yes Not Did the strategies your | Reasons:
quite | group chose and the
decisions your group
made work?

Names/Group:

82
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Building Materials Comparison Chart

(The blanks at the end are for student-generated criteria.)

Name:

Points of Comparison

Information about

(flooring, wall coverings, etc.)

Available varieties
of this material

This variety
is made of

Cost per unit

Installation method

Durability rating

Available colors

Available textures,
designs, or styles

Available sizes

Maintenance
considerations
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ACTIVITY K: USgS OF PERIMETER, AREA, AND VOLUME
IN HOUSE CONSTRUCTION*

Purpose of Activity/Assessment

* To enable students to apply area, perimeter, and volume

* To develop students’ understanding and use of mathematical formulas for
determining the quantities needed for various materials for the house, such
as lumber, sheetrock, baseboard trim, concrete, etc.

Description of Activity

As a class, the students could be encouraged to rediscover or recall formulas or
methods for determining the perimeter, area, and volume of various geometric
figures. The teacher could model how to use the scale drawing to calculate the
area and perimeter of the entire house, first, by finding the actual perimeter and
area of the drawing, and second, by determining the perimeter and area of the
house represented by the drawing. The students could then be given time to
calculate the areas and perimeters of various rooms in the house based on the
scale drawing, using paper and pencil, and calculators.

The students could then move into their designated groups in order to create a
list of the materials needed for each of their respective rooms. The students could
calculate the amounts of materials for the floors, walls, ceilings, etc. (using area)
and for the baseboards, doors, window trim, etc. (using perimeter). The students
could also determine amounts such as the perimeter of the yard (used when
installing fencing), the area of the yard (used when laying sod or sowing grass
seed), etc. In addition, the students could figure out the volume of concrete
needed for the sidewalks and the basement, etc. and other measures such as the
attic volume (used in determining the size of an attic fan), the total area of the
windows (used in determining heating and cooling needs), and the total volume
of the house (used in determining heating and cooling needs). (Note: The list of
quantities of materials should be saved for use in Activity L: Determining Costs
of Materials.)

The teacher might also provide the students with several problems that reflect
non-standard areas, such as finding wall areas in rooms with half-round
windows. The students could provide each other with additional practice in
working with the concepts of perimeter, area, and volume by developing word
problems for their classmates to solve.

84
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Students can calewlate tne perimeter of a yard
for & fence , e area of He yard Fw%mss Seed | J

He volume of concrefe needed fov Hae Dasement. ..

How Student Learning Could Be Assessed

Multiple-Choice Questions and Answer Key — The multiple-choice questions on
pages 81-85 could be given to groups of students to evaluate the depth of their
understanding of perimeter, area, and volume. The students might use paper and
pencil or calculators. This is an opportunity for students to discuss problem-
solving strategies and processes. The answers would be scored using the answer
key on page 85.

Resources or Materials Needed

+ Calculators and paper and pencil for making calculations and for recording
data and organizing work

* Rulers for measuring scale drawings to convert into actual house measure-
ments

Optional Activity

Using the concept of slope (perhaps studied in relation to the Optional Activity
in Activity I), students could calculate for their house plan: 1) the volume of the
attic space in the house that would need to be vented, depending on various
slopes of the roof, 2) the quantity of shingles needed to cover a roof of varying
pitches, and/or 3) the length of the rafters needed for the varying roof pitches.
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Related Goals and Benchmarks

Goal:

Goal:

Goal:

Goal:

Goal:

Goal:

To develop an understanding of two- and three-dimensional geometric figures

e. Develops and applies formulas for perimeters, circumferences, areas, and volumes of
geometric figures

To understand the structure and uses of measurement systems and to measure accurately using

appropriate instruments

a. Understands why measurements are used, ways in which measurements arose, and ways in
which measurements are standardized
Understands differences and relations between length, area, and volume

f. Converts from one unit of measurement to another within the same system or between
systems

8. Makes and reads scale drawings

To examine numbers in the context of broader mathematical systems

a. Understands and uses the processes of computation and estimation with fractions,
decimals, and integers

c. Selects appropriate computation methods, for example using mental arithmetic, paper and
pencil, calculators, and/or computers

e. Understands and applies percents, ratios, and proportions in a wide variety of situations

g. Understands the purposes for formulas and how formulas work

To understand the connections and relationships among various mathematical topics and their

applications in the real world

8- Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

To select and apply mathematical strategies to solve problems in the classroom and beyond

c. Chooses from among various solution strategies the one that seems best
d. Formulates a plan to solve a problem
f. Determines if the solution of a mathematical or real-world problem is reasonable

To develop and utilize the skills and attitudes of a lifelong learner

b. Understands the value of continual mathematics learning throughout life
f. Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning



Multiple-Choice Questions

1. The T-shaped region shown below has all square

corners and has dimensions, in feet, as indicated.
What is the area, in square feet, of the region?

8

S

A. 24 2
B. 36
C. 40
D. 96
E. 100

. In the figure below, all distances are measured in
inches. What is the area, in square inches, of this
parallelogram? 1

moaR>
o
o0

. What is the perimeter, in feet, of the rectangle shown
below?
10 feet

4 féet

A. /47 + 102
B. 14
C. 20
D. 28
E. 40

. If the circumference of a circle is 16% units, then how
many units long is its radius?

HOOFE»>
SN W NP S

(SO

UNIT

5. How many inches in circumference is a circle whose

area is 16n square inches?

A. 4n
B. 8=n
C. 16n
D. 32z
E. 64n

. The area of the dotted square shown below is 4 square

inches. What is the area of the solid rectangle, in
square inches?

V2
V2
V2

[\

moQw>
H

&N

. In square feet, what is the area of the circle below?

lt— 12 feet ——

A. 6mn
B. 12xn
C. 24rn
D. 36=x
E. 144n

. Starting at point A, Bob walks 10 feet due east, then

turns 15° to the left and walks another 10 feet. He
then turns another 15° to the left, walks another 10
feet, turns left another 15°, and so on until he returns
to his starting point. How far does he walk, to the
nearest foot?

120
140
150
240
260

87
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10.

11.

. The perimeter of a regular polygon (all sides and all

angles congruent) is 24 inches, and each side is
4 inches long. If a circle is drawn (circumscribed) in
such a way that it passes through all vertices of the
polygon, what is the area of that circle, in square
inches?

A. 4n
B 8n
C. 12n
D. 16=n
E. 24/3

Mary Anne’s bicycle has tires with a diameter of
24 inches. She runs over a small piece of bubble gum
that gets stuck to her front tire. Rolling in a straight
line, the front tire goes around 100 times (without
slipping) before the bubble gum sticks to the ground
and comes off. Which of the following best
approximates the number of inches the bubble gum is
from where it was picked up on her front tire?

1,200
2,400
4,800
1,200n
2,400n

A.
B.
C.
D.
E.

In the figure below, which line segment represents an
altitude of AACD ?

12.

mo0E P
8

What is the area, in square centimeters, of a
semicircle with a radius of 2.4 centimeters?

1.44n
2.4n
2.88n
4.8n
5.76n

mEaR>

82 _ o

13. The perimeter of a rectangular flower bed is 42 feet.

14.

15.

If the length is shortened by 3 feet, with the width
staying constant, what will be the new perimeter of
the bed, in feet?

9

HEOR>
(%]
o

What is the outside surface area, in square centimeters,
of the curved surface (that is, not including the ends)
of a right cylinder with height 10 centimeters and
diameter 6 centimeters, illustrated below?

(Note: The formula for the area of this curved surface
is A = 2nrh, where k = height and r = radius.)

6 centimeters )

10 centimeters

A. 12m
B. 20m
C. 30n
D. 60n
E. 120n

A square, shown below, has sides that are x inches
long. If smaller squares with sides 5 inches long are
cut from the 4 corners of the square, as shown, and
the sides are bent up along the dotted lines, it forms
an open box. In terms of x, what is the volume of this
box, in cubic inches?

mEOwEs
=
.
8
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16. Angles in the figure below are right angles; lengths of 19. Which of the following 3 combinations of values,
sides are given in centimeters. What is the area, in when known, will determine the area of AABC, shown
square centimeters, of the figure? below?
LEE (Note: The notation AB denotes the length of AB)
7 c

8 <>

|5 ~,

4

A. 67 _

B. 68 )

C. 72 A

D. 76 I. x° y° and z

E. 135 IL AC, x°, and y°

III. AB, AC, and BC
A. Tonly
B. II only
17. A lot for a new home is located on the corner of the C. III only
perpendicular streets Madison and Monroe. The front D. IandIII only
of the lot, on Madison, is 60 feet long; the side of the E. II and III only

lot, on Monroe, is 90 feet long; the back lot line,

parallel to Madison, is 120 feet long; and the :

remaining lot line is as shown below. What is the 20. What is the perimeter, in feet, of a square that has a
area, in square feet, of the lot? diagonal of length 6 feet?

A. 3/2
B. 6y2
C. 122
D. 18
E. 24

21. In order to estimate the amount of cookie dough to
make, Sharon wants to know the area of a cookie
made with the cookie cutter shown below. Notice that
such a cookie would exactly fill the space between 4
tangent circles: of radius 3 inches whose centers form
a square. What is the area, in square inches, of 1
cookie made with this cutter?

9,000
10,800

mEarE>

18. For an unknown value of x, a rectangle has area
(6x? + x - 35) square feet and width (2x + 5) feet.
Which of the following must be the length of the-
rectangle, in feet?

cookie cutter

A. 6x*-3x -45 A. 36 -4n
B. 6x-x -4 B. 36 - 9%
C. 4x-17 C. 36

D. 3x+7 D. 9rn
E. 3x-7 E.

83
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22.

23.

24,

Sides CA and CB are each 6 inches long and AB is
8 inches long in isosceles triangle AABC below. If the
triangle is rotated about altitude CD to form a cone,
what is the volume, in cubic inches, of that cone?

{Note: The volume of a cone with height h and base
of area B is %Bh.)

C
A D B
A. 16x
B. 64x
C. ”T*,/s‘
D. ”T*,/E
E. %=

3

If the area of a square 2 inches by 2 inches is
increased by 12 square inches, what are the
dimensions of the new square, in inches?

A. 4by 4
B. Sby 5
C. 8by 8
D. 14 by 14
E. 16 by 16

Let L represent the length, in inches, of the side of a
plywood square. A carpenter saws off a S-inch-wide
strip from one side, as shown in the diagram below.
Which of the following expressions-would give the
area of the remaining (unshaded) rectangle, in square
inches, for an original plywood square of any size
bigger than 5 inches by 5 inches?

-

o~

L* - 5L
L* - 25
L?* -5
L? +25
L* + 5L

mEary
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25.

26.

27.

90

A motor drives a water pump using the belt and pulley
system shown in the figure below. If one pulley has a
radius of 12 inches and the other has a radius of
3 inches, how many revolutions will the small pulley
make for each revolution of the large pulley?

(Note: Assume the belt will not slip along the
pulleys.)

16
15n

mEawEy

The surface area of a sphere is given by the formula
A = 4nr?, where r is the radius of the sphere. What is
the surface area, in square centimeters, of a sphere .
whose diameter is 20 centimeters?

A 80n
B. 160x
C. 400r
D. 1,600xr
E. 6,400n

Which of the following expressions gives the area of
the right triangle below, in square meters?

4 meters

6 meters
12

10 + x
12x
24x

mEaRP
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28.

29.

30.

)

IC

The length of all 4 sides of the quadrilateral below are
expressed in meters. Which of the following expresses
its perimeter, in meters?

2x
x -
< %
2x+2

A. 525x+3
B. 6.25x+3
C. 130x+3
D. 2.25x* +2.125x + 5
E. 5x*+10x + 5x*
The pendulum of a grandfather clock is 18 inches long

and swings through an angle of 30° in 1.5 seconds.
How many inches does the bob at the bottom of the
pendulum travel in those 1.5 seconds?

30°
A. 3n
B. 4.5n
C. on 9
D. 27n :
E. 40.5n

Which of the following is an expression for the area,
in square feet, of the triangle shown below?

‘i/‘
Q
Q.

3x feet

mEOR>
o
8

Cannot be determined from the given information
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31.

32.
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How many coordinate units in length is the perimeter
of a quadrilateral whose vertices in the standard (x.,y)
coordinate plane are, in order, (7,0), (3,0), (3,8), and
7,11) ?

24
27
28
30
38

mEarEy>

In square inches, what is the area of the half-annulus
below (the shaded area between the two half-circles)
with inner radius A inches and outer radius B inches?

—A—
——B——
A. %(B’ - AY
B. n(B? - A?)
C. %(B - A)?
D. n(B - A)?
E. 2n(B - A)
Answer Key
Item Key Item Key
1. B 17. C
2. C 18. E
3. D 19. E
4, C 20. C
5. B 21. B
6. E 22. C
7. D 23. A
8. D 24. A
9. D 25. A
10. E 26. C
11. A 27. A
12. C 28. B
13. D 29. A
14. D 30. E
15. A 31. C
16. A 32. A
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secton IV ACTIVITY L: DETERMINING COSTS OF MATERIALS

Purpose of Activity/Assessment

* To build upon and enhance students’ knowledge of perimeter, area, and
volume

* To develop students’ computation and estimation skills

* To encourage students to justify their mathematical conclusions

Description of Activity

For this activity, the students will use the information gathered and the decisions
made earlier in Activity J (Selecting Materials for a House). The groups could
work on determining the quantities needed and associated costs for their
respective parts of the house, using the calculations for area, perimeter, and
volume completed previously in Activity K. For example, using the information
about the price of the wall covering they selected in Activity ] and the amounts
of wall coverings determined in Activity K, students would need to determine
the actual quantity needed and the cost of the wall coverings. To determine
quantities, they would need to subtract the areas of doors, windows, and other
openings from the total area of the walls.

Once the quantities are calculated, the estimated costs for each room can be
calculated and then presented to the class. (Note: The students could be given
information about costs for the exterior of the house.) Each student could then
figure the total cost of materials, including labor costs if available, in order to
arrive at an estimated price for the entire house. The students could be asked to
evaluate how well the class kept within the home buyer’s set price range and to
provide options for cutting costs, if necessary. For example, students may be
asked to cut 10% from the costs of their respective rooms. As a group or in small
groups, the students could examine how much wasted material there might be
and ways in which they could reduce the amount of waste, justifying their
conclusions through mathematical computations.

=

Lose the deck
enlarge the pool...

Smalier pool,
bigger deck...
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How Student Learning Could Be Assessed ml-mmncs

Scoring Rubric — The students could complete a costing sheet based on the
information obtained earlier by each group, composing a written explanation of
the final estimated cost of the house and ways in which to possibly cut expenses.
The scoring rubric could be written to assess the completeness and accuracy of
students’ calculations, the problem-solving skills demonstrated, and the
mathematical reasoning involved.

Resources or Materials Needed

* Costing sheets for each group, one for each item to be costed (carpet,
wallpaper, paint, fixtures, etc.)

Optional Activities

Students could develop various word problems for their classmates to solve
based on the information generated by the class. They could also formulate con-
ditional statements based on the costs of various building materials. For example,
if the price of lumber rose 10%, the cost of the house would increase 3%.

As a group or individually, students could interview realtors, loan officers, etc.
about their job responsibilities and their connections to the building process.

Related Goals and Benchmarks

Goal: To examine numbers in the context of broader mathematical systems

a. Understands and uses the processes of computation and estimation with fractions,
decimals, and integers
Understands how to use calculators and computer software, recognizing their limitations

c. Selects appropriate computation methods, for example using mental arithmetic, paper and
pencil, calculators, and/or computers

d. Represents numbers and operations in a variety of equivalent forms, using models,
diagrams, and symbols

e. Understands and applies percents, ratios, and proportions in a wide variety of situations

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world
g- Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation ’
a. Participates in group discussions involving mathematics, synthesizing the ideas presented
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

Goal: To apply thinking skills to develop greater understanding across the curriculum
a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
¢. Makes inferences and predictions based on logic and probability

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond
b. Generates and accepts divergent or alternative approaches and solutions to a problem
¢. Chooses from among various solution strategies the one that seems best
d. Formulates a plan to solve a problem
f. Determines if the solution of a mathematical or real-world problem is reasonable
h. Knows that if one strategy does not work another strategy might

Goal: To develop and utilize the skills and attitudes of a lifelong learner
a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
b. Understands the value of continual mathematics learning throughout life
f. Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning
i. Accepts new knowledge critically, through analysis, reflection, and inquiry

87
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ACTIVITY M: CREATING ILLUSIONS IN A HOUSE

Purpose of Activity/Assessment

* To encourage students to become aware of optical illusions
* To develop students’ understanding of how various materials, colors,
techniques, etc. can create optical illusions in a house

Description of Activity

Students could examine a variety of optical illusions, considering how the
illusions trick the eye into seeing things that aren’t there as well as seeing objects
of the same size as being very different in size. After examining a number of
illusions, students will discuss the ways illusion is used and then apply this
concept to the interior of a house.

The teacher could invite an interior decorator or a home economics teacher to the
class to describe how various materials, colors, shapes, lines, objects, etc. can
create illusions in a room, like making a room seem smaller or bigger than it
actually is. The teacher might bring pictures to share with the class of various
kinds of illusions in interior decoration or fashion. The students could
experiment with various materials in order to draw a picture or make a model of
an illusion in one room of the house. The students could show how the illusion
changes a room by making both a “before” and ”after” picture or model. (Option:
Students could work with a partner, in their designated groups, or on their own
to create the illusion. Students might consider using a computer graphics
program to create their designs.)

" — 1
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How Student Learning Could Be Assessed

Math Log Checklist — Students could write an entry in their math log, describing
the process they used to create the illusion in the room. The entry could be
evaluated using the checklist on page 49.

Resources or Materials Needed

o Examples of optical illusions (Escher prints, for example)

o

Photographs of illusions in interior decorating

o Paper

o

o

Colored pencils, crayons, markers, and tools for geometric construction
Materials for building room models

Optional Activity

Students could look for optical illusions, either in books or in the world around
them.

Related Goals and Benchmarks

Goal:

Goal:

Goal:

To develop an understanding of two- and three-dimensional geometric figures

a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures

b. Investigates, deduces, and explains properties of and relationships between geometric
figures ’

To understand the connections and relationships among various mathematical topics and their

applications in the real world

g- Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

To effectively communicate mathematical ideas through writing, speaking, and visual

representation

a. Participates in group discussions invelving mathematics, synthesizing the ideas presented

MATHEMATICS
UNIT
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secton IV ACTIVITY N: EXPLORING PATTERNS AND
TRANSFORMATIONS

Purpose of ActivitylAssessment

* To develop students’ understanding of patterns, transformations, and
tessellations
° To encourage students’ use of inductive reasoning to identify patterns

Description of Activity

In their exploration of building materials, the students would have investigated
different types of flooring, including vinyl, carpet, tiles, etc. The teacher could
ask those students who investigated flooring to share what information they
gathered about different types of floor patterns. The teacher may also show
advertisements that provide examples of different types of floor patterns. The
students could be given tangrams, stencils, and other materials to explore
patterns.

As the students conducted their explorations, the teacher could provide them
with information and guidance about various types of transformations, including
reflections, rotations, and translations, and ways these transformations can be
used to create patterns. In addition, students could explore the uses of
tessellations in patterns. Afterward, the students could create their own pattern
for a tiled area or room in the house (either a wall or floor), using various
materials and geometric figures.

Is a 'hangmm
anyHiing like a
candygrom ?

Different polygons to be ysed
in Various Flooring patfesrns.




How Student Learning Could Be Assessed MATHEMATICS

UNIT
Rating Scale — Students’ products could be assessed using a rating scale that
evaluates their understanding of transformations. (Note: An alternative to a
rating scale would be to develop a checklist.)
Resources or Materials Needed
¢ Manipulatives such as tangrams for practicing transformations and creating
patterns
* Stencils
¢ Paper
* Colored pencils, crayons, markers, etc.
* Straightedge instruments and compasses for constructing flooring patterns
Optional Assessments
Performance Task — Students could solve problems with tangrams, using them to
construct various figures and to determine perimeters or areas of figures.
Paper and Pencil Tasks — The students could also solve various word problems
related to amounts of flooring to be used, different polygons to be used in
various flooring patterns, or examinations of how transformations relate to
various flooring patterns. Problems such as these can be found in many geometry
textbooks.
Related Goals and Benchmarks
*Goal: To develop an understanding of two- and three-dimensional geometric figures
a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures
b. Investigates, deduces, and explains properties of and relationships between geometric
figures
c. Classifies figures in terms of properties (including congruence and similarity), and applies
these relationships in solving problems
d. Understands transformations and uses them as a tool to solve problems
f. Understands and uses properties of lines, angles, triangles, quadrilaterals, and circles in
solving problems :
Goal: To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments
d. Understands limitations and precision of the tools of measurement
Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world
e. Uses mathematical patterns, including numeric and geometric patterns, to solve problems
g. Investigates connections and interrelationships between mathematics and other disciplines
or applied fields
Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond
e. Selects and applies appropriate tools and technology to solve problems
Goal: To develop and utilize the skills and attitudes of a lifelong learner
b. Understands the value of continual mathematics learning throughout life
91
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secrioN IV ACTIVITY O: EXPLORING SYMMETRY IN WALL
COVERINGS*

Purpose of Activity/Assessment

* To develop students’ understanding of symmetry
¢ To enhance students’ knowledge of and skill with transformations

Description of Activity

The teacher might begin this activity by asking the students who investigated
different types of wall coverings to share with the class what they discovered,
especially information in regard to symmetry. Then, using either discarded
wallpaper books or small wallpaper samples, students could explore the concept
of symmetry, investigating line and rotational symmetry, learning how reflections
and symmetry are related, and examining geometric designs for various types of
symmetry. Following this investigation, students could be asked to create their
own wallpaper design for one room in the house. The wallpaper design should
be the full width of a piece of actual wallpaper and a section long enough to
adequately display the symmetry of the design. Students will need to consider
the effects of color on symmetry and how the pattern continues from one strip of
wallpaper to the next.

Students could design their own wallpager
for one room In e house.

How Student Learning Could Be Assessed

Rating Scale — The final product could be;éssgsﬁga;@Eiﬁg‘ﬁéfﬁatﬁQSC§le on
T T ) - Rl S
page 94; students will be aware of all the criteria before creating their design. A
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scale of 1-4 is used to rate both the design and the student’s ability to explain,
either orally or in writing, the mathematical principles and processes involved in
the construction of the design, as well as the symmetrical aspects of the design.

Resources or Materials Needed

» Discarded wallpaper books or wallpaper samples

» Large wallpaper-sized pieces of paper

¢ Rulers, compasses, and protractors; stencils, tangrams, and other templates
e Colored pens, crayons, or markers

Optional Assessment

Paper and Pencil Tasks — The students could solve various word problems
involving reflections, rotations, etc.

Optional Activity

Students could use their knowledge of transformations to create a wallpaper or
stencil border for a room in the house.

Related Goals and Benchmarks

Goal: To develop an understanding of two- and three-dimensional geometric figures
a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures
b. Investigates, deduces, and explains properties of and relationships between geometric
figures
c. Classifies figures in terms of properties (including congruence and similarity), and applies
these relationships in solving problems
d. Understands transformations and uses them as a tool to solve problems

Goal: To understand the structure and uses of measurement systems and to measure accurately using
appropriate instruments
b. Understands measurement, using appropriate measurement instruments to accurately
determine angles, length, weight, mass, time, etc.
c. Uses units of measure when expressing quantities and chooses appropriate units of
measure for the situation
d. Understands limitations and precision of the tools of measurement

Goal: To understand the connections and relationships among various mathematical topics and their

applications in the real world

e. Uses mathematical patterns, including numeric and geometric patterns, to solve problems

g. Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

i. Understands the nature of axiomatic systems, the reasons for developing such systems, and
the role of proof; realizes that results proven for one system do not necessarily hold in
another system

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation
b. Uses mathematical language and diagrams to effectively express ideas orally and in writing
c. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking
Goal: To apply thinking skills to develop greater understanding across the curriculum
a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations
Goal: To develop and utilize the skills and attitudes of a lifelong learner

a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings .
b. Understands the value of continual mathematics learning throughout life
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SECTION IV

Rating Scale

4 = Complete Evidence 3 = Partial Evidence 2 = Minimal Evidence 1 = No Evidence

This Wallpaper Design Project in Geometry:

Shows Students’ Understanding of Symmetry and Transformations

* Design accurately illustrates either reflectional or rotational symmetry 4 3 2
or both

* Student can accurately identify the symmetry (reflectional or rotational) 4 3 2
in the design

* Student can describe transformations (translations, reflections, rotations, 4 3 2

glide reflections, dilations) or tessellations used in the design

Makes Effective Use of Color and Pattern

* Pattern shows functionality and/or originality 4 3 2
* Design shows interesting use of color 4 3 2
* Design indicates how two strips of the design would fit together (the 4 3 2

“match” on the wallpaper)
Demonstrates Effective Communication Using Written or Spoken Language
* Student explains (either in writing or orally) how the design was made 4 3 2

* Student uses mathematical language/terminology when describing the 4 3 2
design and the processes used to create it

Shows Evidence of Careful Construction

* Design shows evidence of careful planning 4 3 2
* Design shows evidence of accurate measurement 4 3 2
* Design shows evidence of accurate and appropriate geometric 4 3 2

construction techniques

* Design is neatly executed 4 3 2
* Student utilized appropriate measurement tools to construct design 4 3 2
Comments:
.Name: Date:
94
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ACTIVITY P: CONSTRUCTING A THREE-DIMENSIONAL
SCALE MODEL*

Purpose of ActivitylAssessment

* To enhance students’ understanding and application of mathematical
concepts
* To assess students’ group participation skills.

Description of Activity

Using building plans of the house that the class has been working with, groups
of students will each construct a three-dimensional scale model of the entire
house, including at least a few basic furnishings made to scale. Students could
use class time to construct their models, using whatever materials the group
selects. They will need to'work cooperatively to determine a usable scale, the
materials to be used, and the construction methods, as well as to actually
construct the model. They also need to develop a plan for deciding which
students will be responsible for which aspects of construction.

After the model is completed, each group will make an oral presentation to the
class, in which every student will participate, discussing mathematics and its
connections to home construction. They will also explain why they chose the
materials and methods they used, what problems they encountered during
construction, and what they learned from making the model. Students will need
to use various math skills to determine ratios and proportions when creating the
scale, to construct geometric figures, and to measure accurately.

Following the presentation, students might arrange to display their models in a
case in a school corridor or entryway or in a building such as a public library or
a senior citizen’s center.

(Option: Each group could work together to construct a three-dimensional scale
model of only one room of the house selected from those rooms that their group
had been responsible for.)

How Student Learning Could Be Assessed

Scoring Rubric — Each scale model, along with each group’s presentation to the
class, will be scored by the teacher on the basis of the rubric on page 98. It is
assumed that students would have access to the rubric criteria prior to
constructing their model and giving their presentation.

At the bottom of the rubric or on the back of the sheet, space is provided for
teachers to make notes about the contributions of individual students to the
project and/or the presentation. Students might also want to write about the
construction process in their math logs/journals.
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Resources or Materials Needed

* Materials for constructing models (Note: Students should have been thinking
since nearly the beginning of the unit about materials they might use and
have begun saving things such as empty cereal boxes, scraps of balsa wood,
or whatever materials they decide to use.)

Related Goals and Benchmarks

Goal:

Goal:

Goal:

Goal:

Goal:

Goal:

Goal:

Goal:

To develop an understanding of two- and three-dimensional geometric figures

a. Describes, visualizes, draws, and constructs two- and three-dimensional geometric figures

c. Classifies figures in terms of properties (including congruence and similarity), and applies
these relationships in solving problems

e. Develops and applies formulas for perimeters, circumferences, areas, and volumes of
geometric figures

f. Understands and uses properties of lines, angles, triangles, quadrilaterals, and circles in
solving problems

To understand the structure and uses of measurement systems and to measure accurately using

appropriate instruments

b. Understands measurement, using appropriate measurement instruments to accurately
determine angles, length, weight, mass, time, etc.

c. Uses units of measure when expressing quantities and chooses appropriate units of
measure for the situation

g- Makes and reads scale drawings

To examine numbers in the context of broader mathematical systems

a. Understands and uses the processes of computation and estimation with fractions,
decimals, and integers

e. Understands and applies percents, ratios, and proportions in a wide variety of situations

g- Understands the purposes for formulas and how formulas work

To understand the connections and relationships among various mathematical topics and their

applications in the real world

b. Models real-world objects with geometric figures, and models complex geometric figures
with simpler geometric figures

g- Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

To effectively communicate mathematical ideas through writing, speaking, and visual

representation

a. Participates in group discussions involving mathematics, synthesizing the ideas presented

b. Uses mathematical language and diagrams to effectively express ideas orally and in writing

c. Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking

To apply thinking skills to develop greater understanding across the curriculum

a. Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations

To select and apply mathematical strategies to solve problems in the classroom and beyond

b. Generates and accepts divergent or alternative approaches and solutions to a problem

¢. Chooses from among various solution strategies the one that seems best

d. Formulates a plan to solve a problem

To develop and utilize the skills and attitudes of a lifelong learner

a. Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings
h. Understands the role of justification in the mathematical learning process
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secroNn IV ACTIVITY Q: SOLVING VARIOUS HOUSE CONSTRUCTION
PROBLEMS

Purpose of Activity/Assessment
* To stimulate students’ problem-solving and decision-making skills

Description of Activity

Students could be given “situation cards” at various intervals throughout the
house construction unit. Each card could describe a problem or situation that
might actually occur during the building of a house. Students could work
individually or in their groups to solve the problems. Students could also
generate problem situations for their classmates to solve.

How Student Learning Could Be Assessed

Scoring Rubric — The teacher could provide students with possible scenarios that
would affect a construction schedule. For example, the plumber is not able to
come when he/she is scheduled, the lighting fixtures that are to be installed are
stolen from the garage, the wrong tile is laid, the door is cut in the wrong wall,
etc. What will you do? How many other workers would be affected by this
change? How would it affect the scheduled completion date for the house?
Students could work individually or with a peer to explain what strategies they
would use to solve the problem. A rubric could be written to assess students’
problem-solving strategies, as well as the accuracy of their mathematical
thinking. (Option: Students, individually or in groups, could write scenarios of
problems to be solved by their classmates.)

Each card could descnibe a problom
Hat might Ach)all\/ ocLur durihﬁ
He buildir\g & a2 hovse. _/_J
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Resources or Materials Needed

* Situation cards about problems encountered during the house construction
unit.

Optional Assessment

Math Log Checklist — The situations might be used as a prompt for an entry in
the math log/journal. The entry in the math log/journal could be evaluated
using some of criteria on the checklist on page 49.

Related Goals and Benchmarks

Goal: To understand the connections and relationships among various mathematical topics and their
applications in the real world

f.
8

Explores relationships between real-world problems and accepted mathematical models
Investigates connections and interrelationships between mathematics and other disciplines
or applied fields

Goal: To effectively communicate mathematical ideas through writing, speaking, and visual
representation

a.
C.

Participates in group discussions involving mathematics, synthesizing the ideas presented
Uses mathematical models, drawings, facts, properties, and relationships to explain own
thinking

Goal: To apply thinking skills to develop greater understanding across the curriculum

a.

Uses inductive and deductive reasoning to make conjectures, to construct arguments, and
to validate and prove conclusions and generalizations

Goal: To select and apply mathematical strategies to solve problems in the classroom and beyond

Frmepan o

Identifies and analyzes problems

Generates and accepts divergent or alternative approaches and solutions to a problem
Chooses from among various solution strategies the one that seems best

Formulates a plan to solve a problem

Selects and applies appropriate tools and technology to solve problems

Determines if the solution of a mathematical or real-world problem is reasonable
Looks back for patterns that can be useful for solving other problems

Knows that if one strategy does not work another strategy might

Goal: To develop and utilize the skills and attitudes of a lifelong learner

a.

Monitors own thinking and performance; asks clarifying questions to clear up own
misunderstandings

Gathers and uses mathematical information from various resources

Exhibits dispositions (cooperation, independence, persistence, etc.) conducive to effective
mathematical learning
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Extending the Unit

Even though the creation of a three-dimensional scale model seems to be
the culminating event for the unit, it would not have to be the end of the
unit. The students’ experiences throughout the unit might lead to a
number of follow-up activities or experiences, such as students
volunteering their time to local organizations involved with housing or
investigating other mathematical issues, topics, or questions. Some
students might have an interest in exploring the applied fields of carpentry
or interior design. Since the math logs/journals are an ongoing activity,
students might want to write reactions to the activities they have engaged
in and to reflect on all they have learned throughout the unit. If the unit
ended shortly after the creation of the three-dimensional scale model,
many opportunities for additional growth could be lost.
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Resources for the House Construction Unit
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Homes and Gardens® Remodeling Ideas, p. 17. Des Moines, Iowa:
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Pappas, Theoni. (1991). Math Talk: Mathematical Ideas in Poems for Two
Voices. San Carlos, California: Wide World Tetra.

Computer Software

Autosketch. National Educational Software Distributors: Autodesk, Inc.
(Simplified computer-assisted drafting program.)

Escher Sketch. Santa Barbara, California: Intellimation. (Students can design
their own tessellations using transformation templates.)

Geometer’s Sketchpad. (1991). Berkeley, California: Key Curriculum Press. (A
tool for dynamically constructing, manipulating, and investigating
geometric figures.)

Geometry Supersupposer. Pleasantville, New York: Sunburst/Wings for
Learning. (Students perform constructions on shapes, view them in
the graph history, and use the spreadsheet to analyze data.)

Geometric Supposer: Circles. Pleasantville, New York: Sunburst/Wings for
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SUGGESTED IDEAS FOR OTHER
INSTRUCTIONAL UNITS

This section provides a listing of possible classroom activities that could be
used in a secondary mathematics class. The following list of ideas is
intended as a starting place for teachers interested in encouraging or
enhancing thinking skills in their classrooms. The ideas/activities
presented below are suggestions for teachers to review, think about, and/
or build upon to best meet the needs of their students. Any idea or activity
created for a unit or course should be reflective of the skills and
understandings that are believed to be important for students to know and
be able to do. In addition, the activities should actively engage students in
the learning process by encouraging the construction of meaning, self-
reflection, and thoughtful inquiry. The following list of questions could be
used as a guide or as a cross-check as you are developing additional units
and instructional activities.

Does the activity or unit. ..

encourage students to construct meaning through connecting what is
being learned with what is already known and experienced?

allow students to engage in thoughtful processes of inquiry (research,
experimentation, and background reading), and to find answers to their
own and others’ questions?

encourage modes of thinking conducive to discovery and learning, such as
keeping an open mind and looking for biases and stereotypes?

engage students in active use of thinking skills such as making inferences
and generalizations and drawing conclusions?

engage students in applying the knowledge and understandings they have
acquired both in the classroom and beyond the classroom, including
problem-solving and decision-making skills?

encourage both independent and collaborative learning?

Does each assessment . . .

connect to the instructional goals and benchmarks?

reflect the skills and understandings that are most important for
students to learn?

enhance students’ learning?

engage students in answering questions or performing tasks that are
meaningful and purposeful? .

include criteria that are clearly stated and understood by the students?
provide evidence that yields information teachers can use to make
valid inferences about each student’s learning?
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Unit Ideas and Corresponding Instructional 9=
Activities

A unit on travel could engage students in considering the concepts of time
and distance, financial calculations, and estimation.

1. Gathering information and brochures on various types of vacations or
vacation spots
2. Calculating how long it would take to save money for the trip
Working with time zones in order to plan travel time and activities
4. Making decisions on where to go based on time available, money saved,
personal tastes, etc.
5. Calculating distances
6. Choosing the means of transportation
» reading airline, bus, and train schedules
* determining mileage for one’s own car or a rental car and estimating
the gasoline needed
* estimating time involved for the various types of transportation
7. Reading advertisements for sales on clothes or gear needed for the trip
8. Using spatial skills to determine the best way to pack a suitcase or the
trunk of a car

b

A unit on starting one’s own business could give students opportunities
to investigate the complexities of business mathematics.

Conceiving an original idea for a product or service to sell
Gathering information on potential competitors
Researching costs for starting a business
Calculating costs for developing a product
Predicting/estimating profits and losses
Contacting banks to learn about business loans
* requirements for receiving a loan
* interest rates
» payment schedules/total costs
7. Writing proposals for financial backing
8.. Analyzing tax codes for busines implications

AU S e

A unit on personal money management could help students discover how
money affects their lives.

Making budgets (personal and family)
Investigating checking and savings accounts
Balancing checkbooks

Learning about investments (stocks and bonds)
Calculating taxes

Learning about sales and discounts

AR e
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7. Planning for the future (college funds, retirement income, etc.)

A unit on mathematics in the news could help students learn about the
importance of mathematics throughout their lives.

1. Collecting news stories from newspapers or TV /radio news shows that
involve mathematics
2. Trying to determine or verify the validity and accuracy of the numbers
used
3. Looking at statistics and how they are used
* how the statistics are determined
* how the statistics are interpreted
o whether the statistics really mean what they are interpreted to mean
4. The variety of statistics
* medical
* sports
e educational
* sociological

A unit on the uses of calculus in the world of engineering could make
the purposes of calculus clear to students.

A unit on how the various branches of mathematics differ and overlap
could help students make conscious connections among the various areas.
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RELATIONSHIP BETWEEN THE MATHEMATICS
UNIT AND THE TEST QUESTIONS IN
EXPLORE, PLAN, AND THE
ACT ASSESSMENT

The purpose of this section is to highlight linkages between what an
instructional unit teaches and what ACT’s Mathematics Tests measure. The
geometry course goals and benchmarks listed on pages 32-35 illustrate
skills and understandings that are believed to be most important for
students to know and be able to do. This list of benchmarks is based on a
review of standards documents and many state curriculum guides, so
students who prepare themselves to meet course benchmarks such as these
should be well-prepared for future success. Those benchmarks assessed in
full or in part by EXPLORE, PLAN, and the ACT Assessment are

I hted on the list. Approximately 80% of the geometry course
benchmarks are highlighted, which illustrates the breadth of the EPAS
programs. In addition to the geometry course goals and benchmarks, there
are skills and understandings that students should be developing in other
areas of mathematics. Though the content area chosen for the instructional
unit was geometry, the Mathematics Tests in EXPLORE, PLAN, and the
ACT Assessment cover other areas of mathematics equally well, focusing
on mathematical reasoning. (See pages 11-12 for a discussion of test
content areas.)

The first course goal, to develop an understanding of two- and three-
dimensional geometric figures, covers most of the explicit content of a
geometry course. You will note that every one of the benchmarks under
this first goal is assessed by one or more of EXPLORE, PLAN, or the ACT
Assessment. Nearly every activity in the instructional unit works directly
toward this goal, but there is a great deal of variety in the activities. Some
of the activities that occur early in the unit, such as C and E, allow time for
reviewing concepts and finding models of geometric constructs in the real
world. Activities F and I bring in other geometric relations and theorems.
The all-important concepts of length, area, and volume play a role in
several activities, but are particularly stressed by Activity K.

The first goal covers important knowledge for students to develop, but it is
also important for students to connect these topics with what they already
know and to develop their reasoning ability, drawing from their
knowledge base as appropriate in order to solve problems, to make
conclusions, and to focus investigation and learning. Each activity in the
instructional unit works to connect geometry with house construction, but
the instructional unit as a whole provides a deeper context than the
collection of individual activities, allowing students to see connections and
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develop their knowledge base in a setting that is more like the real world.
The real world does not allow one to focus solely on geometry-related
tasks, so there are activities with little explicit “geometry,” such as when
students must research materials in Activity J.

A set of benchmarks that are assessed by the Mathematics Tests in
EXPLORE, PLAN, and the ACT Assessment are those that can be found
under the fourth goal, to understand the connections and relationships
among various mathematical topics and their applications in the real
world. Preparing students to be able to make and draw upon connections
among mathematics topics and to the real world will be good preparation
for ACT’s Mathematics Tests, but it will also be valuable as students enroll
in various math courses and as they make plans for their future.

Communication has always been an important part of mathematics and
mathematics education, but the standards movement made it an explicit
piece of the standards framework, which has elevated the importance
attached to mathematical communication. The instructional unit included
in this guide encourages students to practice and develop a variety of
communication skills. Oral communication skills are a part of nearly every
activity, with, for example, Activity A (Discussing House Construction and
Geometry) involving descriptive whole-class communication, E (Selecting a
House Plan) involving persuasive class discussion, and K (Uses of
Perimeter, Area, and Volume in House Construction) centerihg on small-
group discussions. Written communications come in several varieties as
well, with Activity F (Investigating Geometric Construction Using Drafting
Tools) involving written justifications, O (Exploring Symmetry) producing
graphical designs, and the ongoing math log (introduced in Activity B)
allowing students to share and organize their thinking about mathematical
topics, mathematical thinking, and mathematics itself. Students develop
reading and listening/questioning skills in activities C and E, where they
must get information from various sources. ACT’s Mathematics Tests
assess communication skills, mainly through students’ reading of the
quantitative problem descriptions, including the graphics.

Proof is an important part of mathematics, and, in the past, a geometry
course was often used to introduce and refine proof skills. Activity F
contains some interesting opportunities for students to investigate practical
methods used by construction workers, with the goal being to see whether
the methods can be justified by geometric argument. Many other activities,
such as C and I, provide students with an opportunity to justify their
statements and conclusions. Depending on the rules the teacher establishes,
these justifications can be more or less informal. Activities N and O also
provide opportunities for students to construct geometric justifications and
for the teacher to coach students in proof skills. Students who are skilled
in making and recognizing logical deductions and proofs will be better
prepared for further mathematics.
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Problem solving is often seen as the heart of mathematics. Activity Q RELATIONSHIPS
(where students must solve problems in the construction process) may be
the activity that most directly addresses this course goal, but problem
solving is a part of every activity. For example, Activity E challenges
students not only to consider the various combinations of building sites
and house plans to see which would be best, but also to find a method for
the class to decide which combination they will use for the remainder of
the unit. Even Activity K (focusing on perimeter, area, and volume), which
covers topics students have been exposed to for years, is used to enhance
student’s problem-solving skills, partly through small-group discussions of
students’ attempts at and successful solutions to problems. The embedded
assessment in that activity contains challenging problems, and ACT’s
Mathematics Tests also challenge students to demonstrate what they know
about problem solving.

Other activities, such as Activities E, F, G, I and P, tap measurement skills.
Activities N and O allow students to use transformational geometry. Many
of the activities, such as A, H, L, M, and Q, help students develop their
problem-solving skills as they work, individually and in groups, to make
decisions about geometry and house construction.

Thinking skills is a separate goal, but the conscious use of thinking skills
underlies every activity in the unit, as does the goal of developing the
skills and attitudes of a lifelong learner of mathematics. The ultimate goal
of education is, as the vision statement on page 32 states, for students to
develop independence as a lifelong learner. The purpose of the unit is to
pave the way for students to make connections, to solve problems, to gain
knowledge, and to reason with this knowledge, the same important
knowledge and thinking processes that the Mathematics Tests on
EXPLORE, PLAN, and the ACT Assessment measure.

This instructional support guide, and the two others in the content areas of
Language Arts and Science Reasoning, were developed to provide teachers
with a resource for learning about the skills and understandings
underlying the test questions in EXPLORE, PLAN, and the ACT
Assessment. The guides include instructional units and classroom
assessments as a means of illustrating the different approaches that can be
taken to help students develop and use thinking skills. The classroom
assessments include performance assessments, multiple-choice questions,
demonstrations, projects, and the like. Evaluation tools such as rating
scales, observational checklists, and scoring rubrics are also included. The
assessments can be used to gauge student progress in developing the skills
and understandings necessary for future success. As stated previously, the
instructional units were not developed as “ready-to-use” units but rather
are provided as materials to be modified to suit the needs of individual
teachers and classrooms. It is hoped that the instructional materials and
assessments will serve as resources for teachers as they endeavor to
integrate assessment with instructional processes.
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secrion VI ACT recognizes that teachers are the essential link between instruction and
assessment, and we are committed to providing teachers with the support
they need to assist them in their continued efforts to provide quality
instruction. We are interested in knowing your thoughts about the utility
of this guide. If you would like to submit a response about the guide’s
usefulness, please feel free to send your comments to:

EPAS Instructional Support Guides
Elementary and Secondary School Programs
Development Division

ACT

2201 N. Dodge Street

P.O. Box 168

Iowa City, IA 52243

Instruction and assessment—assessment and instruction—a necessary and
desirable partnership.
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