Geometry and the Buildings We Live In
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Overview

The unit Geometry and the Buildings we Live In can be used along with the
regular Pittsburgh Public School 4™ and 5™ grade Math Curriculum, specifically
in conjunction with the geometry units 3 and 11 in 5™ grade and 1 and 11 in 4"
grade. The activity may be accomplished in a 2 to 3 week period.

Information in this unit provides students opportunity to learn by being an
observer, by exploring, deconstructing and building geometric figures within the
context of the buildings students live in and around. Lessons include identifying
geometric form in the world around us by first observing and then constructing,
geometric figures, cubes, tetrahedron, prisms and pyramids. These forms are then
explored outside the classroom in design and architecture in the school and
community and with the help of the Pittsburgh History and Landmark Foundation,
of the greater Pittsburgh area.

The students will complete this unit with an expanded understanding and
appreciation of geometry in our world.
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Rationale

Informal geometry is featured throughout the Pittsburgh Public Schools K-3
Everyday Mathematics curriculum, and more concretely in 4™ and 5™ grade.
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Students begin to examine properties of basic plane figures using tools such as
compasses, rulers, and protractors. They deal explicitly with facts concerning
angles, sums of triangles, quadrangles, and polygons in general. With out fail, the
students’ favorite part of their geometry sampler is always the exploration of
tessellations with polygons. They are drawn to the natural order of such design. It
may be years until the word Pythagoreans rolls off their tongues, but they
understand equilateral, hexagonal, triangular numbers and pentagrams. They
recognize properties of polygons and tiling, the art of covering a plane surface
with polygons. This mathematics is visual, spatial, tangible and surprisingly to the
kids, architectural, historical and even sacred.

Geometry figures are all well-defined sets of points. Geometry deals with the
properties of those sets of points and relationships between and among them.
From an early age, students are able to make sense of shapes, those that move,
those that don’t, those that are curved, those that are not. The introduction to
geometry involves naming and classifying those characteristics, helping students
“notice” what they see and organize their perceptions into a meaningful system.

The presence of geometry in the spaces in which we live is evidence of how we
humans interact with and even depend upon the world of geometry. We take
patterns and shapes evident in our natural world and use them to create the places
in which we live. Buildings, their form and function, are representations of our
needs as human beings and landscapes for our visions of beauty and style.
Humans don’t simply inhabit a space but interact with it.

It is the principles of geometry that dictate how we experience the spaces in which
we live. It is the goal of this unit to define the principles of geometry, identify its
existence in our everyday world, and interact with form through construction.

Math in Architecture

The word geometry derives from Greek words for “earth” and “measure”, which
gives a clue about the first geometric activity of humans. The earliest records of
geometric thinking, from the Egyptians, Babylonian, and Chinese, confirm that it
revolved around solving practical problems — laying out fields, finding areas,
volumes, constructing houses and temples, and so on.

The Greeks are credited with formalizing geometry. The approach to studying
geometry today has been led by research known as the Van Hiele Levels and it is
upon the work of two Dutch researchers in the late 1950s, that the Pittsburgh
Public Schools’ curriculum is based. They identified five stages in the
development of geometric understanding. During the first stage a triangle is called
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a triangle because its overall shape is like other objects that are also called
triangles. Shapes at this stage are not broken into parts; line segments, vertices
etc. Instead, students at this stage grasp the whole figure at once. It is a
visualization stage where students benefit from hands on work with geometric
solids and real objects from their everyday environment.

In the second stage children begin to notice the individual elements that make up
geometric figures. They see that a triangle has three sides and three corners; they
see that a square has four sides all the same length etc. It is recommended at this
stage that children compare measure, sort and describe geometric figures,
identifying names for parts: side, angle, face edge, and so on.

In the next stage students move beyond the analysis of single shapes and start
thinking about relationships among different shapes. They can, for example,
understand that squares are rectangle since they meet the minimal requirements;
four sides and four right angles. This is also a stage for informal proof, which is
the highest level in elementary school geometry.

Unit Work

This level of proof is difficult for students. Our whole world is experienced in
three dimensions yet we seem limited in describing and defining the world in two
dimensions. Where students have some trouble applying the formula for area and
volume without a frame of reference, they have zero difficulty building a three-
dimensional figure with unit cubes and determining its area.

An interesting exercise, which illustrates this perceptual issue, involves asking
students given three toothpicks to construct four triangles. Most students struggle
with the toothpicks because they are bound to a single plane. We might help
students take a step toward understanding the space around them by encouraging
them to step out of the 2-dimensional plane. Holding the 3 sticks at an apex to
form a tetrahedron, gives the student three triangles, the tabletop contains the
fourth triangle.

If students are asked to add clay to each of the apexes students will feel the
strength of this combination of triangles. Students may argue that a square base
system is more secure. A construction test could be conducted to test the theory.
Visualizing Shape

Visualization is a skill to be sharpened in this unit’s activities because it helps one
notice what is around them. But to back up an introductory activity is to remind
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students that geometry means, “earth measure.” With two points placed on the
board, challenge students to connect the points with the longest line they could.
After performing the task it can be noticed that the shortest line between the two
points is a straight line and that the straightest line is drawn with a straight edge.

Look at artwork by Saul Steinberg, asking students to view the drawings. The
artist made three “visualizations” of what the straight line could become. Invite
the students to draw a straight line and see what they come up with. The point of
the exercise is to show the power individual ideas and the uniqueness of each
visualization and most of all, that the straight line can have different meanings
depending on the configuration of the whole picture... the line, the basis of all
geometry.

(Saul Seinberg/Norman Shaprio)
Pattern Recognition

For many years, artists have made beautiful designs with geometric shapes. The
Islamic religion did not allow artist to show human or animal forms. Islamic
artists became very skillful at creating designs with geometric shapes. Many
amazing designs can be found in Moorish architecture especially. In geometry, a
tiling pattern is called a tessellation. A tessellation is the translation, rotation, and
/or reflection of a shape. The pattern completely covers a surface. The shapes in a
tessellation do not overlap or gap. Sometimes only one shape is used in a
tessellation and this type of tessellation is called a same-tile tessellation. Only
some regular polygons will tessellate.

Using the template (fig.1 regular polygon patterns), students can discover
whether regular polygons tessellate by cutting a collection of polygons, triangles,
squares, pentagon, hexagon and octagons, putting them together and seeing if the
patterns meet the criteria. After making a determination, draw examples and
designs with tessellating figures (fig. 2). Apply observation skills to the student
environment and look for examples of tessellation. Ask students to collect
examples in nature and architecture, in every day design and create a tessellation
museum.

Is there some pattern to this pattern making or a rule which can be applied to
predict if a shape will tessellate? If squares tessellate, will all quadrangles
tessellate? We have already proven in our early geometric explorations that the
sum of all angles of a triangle equals 180 and the sum of the angles of all
rectangles equals 360 degrees, but what about the other tessellating shapes? When
we arrange regular polygons that tessellate, what is the sum of those angles? Is
there a clue here? In the end most students will see that shapes will not tessellate
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if they cannot be arranged around a point so that the sum of their angle measures
360 degrees. Furthermore they will see that when two quadrangles are put next to
each other in a tessellation, the longest sides match and the shortest sides match.
(fig. 3 — same tile tessellation , tessellation example; no overlap and gaping).

Geometric Solids

Clearly there are 2-dmensional patterns that are identifiable in many tile patterns,
but when we move into the 3™ dimension, and look at the structure of things, we
can see the geometric solid forms upon which the structure of our spaces are built.
Space is the 3-D world of our experience. Like points, lines, and planes, it cannot
be defined in simpler terms. Spatial objects have length, width, and depth. Spatial
shapes are 3-D objects in space and they come in infinite kinds and sizes.

A person with good spatial sense can mentally manipulate 1, 2, and 3 dimensional
objects in space and describe their relationships. Spatial sense is important in
constructing 3-D objects, drawing 3-D objects in 2-D. Video games often demand
a well developed spatial sense and our kids should be good at that. To have the
vocabulary to talk about structural form, working with and building 3-
dimensional forms is a good practice. Familiar 3-D mathematical shapes are
known as geometric solids. An empty box with a lid/bricks, basketball/baseball,
empty ice-cream cone/filled ice-cream cone, empty food can/rolling pin... the
first items are hollow the second are filled inside. Geometric solids are the “skin”
of a shape and the edges and vertices are the “skeleton.” Points inside the shape,
not on any of the faces or surfaces are not considered part of the geometric solid.

A goal in fourth and fifth grade mathematics is to build strong connections
between 2-D figures, such as polygons and curves, and corresponding
polyhedrons and curved surfaces in 3 dimensions. One way to work toward this
goal is to build 3-D models. Students will cut out 2-D patterns of prisms and
pyramids and a variety of polyhedrons and fold and tape together. These models
will then be used to compare and contrast the properties of vertices, edges, and
faces of the solids they represent. The language developing will ideally translate
to conversation about architectural structure.

(Fig. 4, geometric forms for construction)
Our Buildings

Students are familiar with the places where they live, so it can be a good starting
point for discussion and learning about the evidence or geometry in our world of
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buildings. Ask students to think about their homes or apartment buildings while
encouraging them to think and remember details and express them in drawing will
generate a place to begin looking at architecture.

What shape is their house? Is it attached to another house or does it stand alone?
How many windows and doors does it have? Talk about the rooms, spaces and
activities that go on inside and outside. Write down the address of the house and
list the names of the people who live there. These activities are inspired by the
Pittsburgh History and Landmarks Foundation and a partnership through grant
money will develop this part of the unit. Students will work on an individual
evaluation of their own homes; they will be introduced to architectural styles and
time periods and evaluate the shapes of their homes in geometric and architectural
terms.

This activity related to our personal spaces will extend in a following lesson to the
larger world around us, our city of Pittsburgh. Students will study photographs
and artifacts of Landmark buildings in Pittsburgh. Students will compare and
contrast the buildings’ architectural style in geometric terms and look for trends
and style and size as they relates to the architectural time periods of 1817, 1949
and 1994.

Students can walk about our community and find sample patterns. Ornamentation
on windows can take the form of square patterns. Tiling on floors can be
combinations of squares and hexagons and they exist everywhere. Are there
patterns that seem more popular in certain time periods?

Finally, students will do construction of their own, using large 3-d shapes
constructed from PVC pipe. These forms will serve as the shells of the structures,
which will become buildings of our dreams. They will apply skin to these forms
and patterned geometric ornamentation. They will be presented to each other and
described in terms of their geometry and architecture and how the structure would
function in a community such as ours.

(Fig. 5,6,7,8 — Landmark work pages)

Lesson 1 Perception and Observation and How to Look
Objective: To encourage students to be perceptive, to look.
Process: 1. Begin with a discussion of what it means to look and be observant. 2.

A warm up skill would be to look around the room and name/classify all circular,
blue, red...etc, objects in the room.
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3. A volunteer sits in the front of the room and is studied by the class. They leave
and return with something missing... can we identify it?

4. Students look at their non writing hand held in any position. Without looking,
at their paper, student draw their hand in 30 seconds attempting to use one line to
draw the whole hand. They will see they have been able to captue the basic shape
and purpose of a hand with one line.

5. Walk the street in front of school with clipboards and paper. Attempt a similar
exercise with objects or buildings.

Lesson 2 Pattern

Objective: Students are introduced to the history and concept of tessellations.
They explore which regular polygons will tessellate and which will not and
uncover a rule of thumb to test.

Process:

1. Read about and display examples of tessellation (fig. )

2. Review the language of polygons and its properties.

3. Decide which of five regular polygons can be used to create same-tile
tessellations using a pattern for multiple cutting of same figure.

4. After determining which figures do and don’t tessellate, ask leading questions
about what we know about sums of angles with familiar square polygon.... Can
we see a pattern develop among those shapes that do tessellate? That being that a
polygon will tessellate if their angles can be arrange around a point so that the
sum of their angles measures 360 degrees.

Lesson 3 Three Dimension Forms
Objective: Review names and properties of geometric solids and build.

Process:

1. With a whole group use appropriate language to discuss the properties of
geometric solids compared to everyday objects such as cans, ice cream cones,
balls, etc... focus particularly on prisms and pyramids as their bases may not all
look alike. Make sure students understand that a cube is a special kind of
rectangular prism. Distinguish between pyramids, prisms and polyhedrons.
Explore the variety of characteristics.

2. Using cube pattern and geometric solids patterns, students practice building
solids from patterns.
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Lesson 4 Drawing Your Home

Objective: Students observe and discuss architectural features in geometric
language. They are introduced to building anatomy words and add these to their
conversational language.

Process: 1. Open with a discussion about where students live. Ask questions about
their house or apartments and encourage them to think about details and express
their thoughts in sketches. Does their home attach to another? Stand alone? What
are spaces used for? Who lives there? Makes these lists.

2. Using a booklet provided by the Pittsburgh History and Landmark Foundation
(grant money pending), help students focus on the details of their homes and draw
them.

Lesson 5 Introduction to Pittsburgh Buildings

Objective: Having explored form and structure and our own homes, students will
now look at important Pittsburgh buildings with the same eye and conversation.

Process:

1. Display old photographs and poster size pictures of important Pittsburgh
architecture and neighborhoods.

2. Discuss the age of, reoccurring motifs of, uses of, structural similarities and
differences of... Emphasis in conversation will be not only be on the ideas but to
use the language we’ve become familiar with.

3. Discuss what future needs might be for our community/city. How could we
meet those needs in our buildings?

4. Students draw a design they might like to see in a building, with a specific idea
for its use and a plan for its geometric ornamentation.

Lesson 6 Building Our Buildings Culminating Activity

Objective: Demonstrate understanding and appreciation for the forms upon which
the places we live are built by constructing a community of living, playing,
working, or learning space from the ground up.

Process: 1. Using what we know about the form and function of buildings, use
materials provided, construct a building on a designated scale. Work will be done
in collaboration with the art teacher (needs to be worked out but roughly student
height... 4 to 5 feet.) Construction materials will include PVC pipe and other
found objects as gleaned form Construction Junction and donations.

2. Certain specifics must be included and details labeled.
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3. Ribbon cutting presentation of the buildings will be to parents and classmates
upon completions.

Vocabulary

1. Space Words
Top/bottom
Front/back

Near/far
Leftside/rightside
Infront of /behind
Next to or beside
Above/below

To the right/ to the left
Compass directions: north, northwest, northeast; south, southwest, southeast; east,
west location or locus
Geometric field.

2. Measure Words

similar, congruent

units of measure: inch, meter,

percentage, degree

square units of measurement, perimeter, area
polygon numbers: square, and rectangle numbers,
whole

3. Geometry/Art words

Art/design words: element of design: dot, line, shape, direction, movement, color,
tone, texture, pattern, dimension, scale

Principles of design: unity, variety, balance, emphasis

Structure: rigid/flexible

Point Words: locus, interest, vertex

Line words: straight line, arc, line segment, ray

Polygon words: triangle, square, pentagon, Hexagon, octagon, regular polygon,
Circle words: center/radius/circumference/diameter/sector/chord

Triangle words: base, hypotenuse, altitude, median Pythagorean Theorem
Polyhedron words: sphere, cube, cone, cylinder, prism

5 platonic solids: tetrahedron, octahedron, cube, dodecahedron

Pattern words: tessellation, unit of repeat, transformations, symmetry, axis
Directional words: vertical/ horizontal, diagonal, rotational

Kinds of geometry: plane geometry, solid geometry

263



Bibliography

Britton, J. “Investigating Patterns: Symmetry and Tessellations” March 2005
http://ccins.camosun.bc.ca/~jbritton/jbsymteslk.htm

Calter, Paul. “Polygons, Tilings, & Sacred Geometry” February 2005
http://www.math.darmouth.edu/~matc/math5.geometry/unit5/unit5/html

Calter, Paul. “Squaring the Circle, Geometry in Art & Architecture” February
2005
http://www.math.darmouth.edu/matc/eBookshelf/art/SquaringCircle/html

Chitham, Robert. The Classical Orders of Architeture. NY: Rizzoli, 1985
D’Alelio, Jane, I Know That Building, Washington D.C.: Preservation Press, 1989

Decaprio, Sheryl. “Geometric Systems in Architecture” April 2005
http://www.cis.yale.edu/ynhti/curriculum/guides/19831/83.01.09.xhtml

Doczi, Gyorgy. The Power of Limits: Proportional Harmonies in Nature, Art, and
Architecture. Boston. Shambhala, 1981

Eisen, David. Fun with Architecture, The Metropolitan Museum of Art. New
York: Viking 1992

Hargittai, Istvan. Sysmmetry, a Unifying Concept. CA: Shelter, 1994

History and Landmarks Foundation. “Neighborhood Explorations”
http://www.phlf.org/education/eduexploratns.html

Knott, R. “Fibonacci Numbers and The Golden Section in Art, Architecture and
Music” April 15 2005
http://www.mcs.srrey.ac.uk/Personal/R.Knott/Fibonacci/fibInArt.html

Lawlor, Robert. Sacred Geometry. NY: Thames & Hudson, 1982

Macaulay, David. Cathedral, The Story of Its Construction. Boston: Houghton
Mifflin, 1973

Macaulay, David. Pyramid. Boston: Houghton Mifflin, 1975

Macaulay, David. Castle. Boston: Houghton Mifflin, 1977

264



Munro, Roxie, Maddex, Diane, Archeticts Make Zigzags, Looking at Architecture
from A to Z, Washington D.C.: Prservation Press, 1986

O’Connor, J.J. and Roberston, E.F. “History Topic: Mathematics and
Architecture” April 2005
http://www-history.mcs.st-and.ac.uk/history/PrintHT/Architecture.html

Olson, Alton T. Mathematics Through Paper Folding. NCTM, 1975
Ranucci, E. Seeing Shapes. Palo Alto: Creative Publications 197
Reid, Aileen, I M. Pei, New York: Knickerbocker Press, 1999

Shapiro, Norman. “Geometry Through Art” April 2005
http://mathforum.org/~sarah/shapiro/shapiro.gradefive.html

Tompkins, Peter. Secrets of the Great Pyramid. NY: Harper, 1971

Tritton, Roger. The Visual Dictionary of Buildings, New York: Dorling
Kindersley Inc., 1992

University of Chicago, School Math Project. Fifth Grade Everyday Mathematics
Teacher Lesson Guide, Chicago: SRA/McGraw-Hill, 2004

University of Chicago, School Math Project. Fifth Grade Everyday Mathematics
Teacher Lesson Guide, Chicago: SRA/McGraw-Hill, 1999

University of Chicago, School Math Project. Fourth Grade Everyday
Mathematics Teacher Lesson Guide, Chicago: SRA/McGraw-Hill, 2004

University of Chicago, School Math Project. Fourth Grade Everyday
Mathematics Teacher Lesson Guide, Chicago: SRA/McGraw-Hill, 1999

VanDine, Alan. Unconventional Builders. Chicago: J.G. Ferguson Publishing
Company

Wolf, Reinhart, Hamburg: Taschen, 2002

265



Standards Met by Unit

NCTM (Mathematics) Standards:

Content Standards

I Number and Operations
3 Geometry

4 Measurement

Process Standards

6 Problem Solving

7 Reasoning and Proof
8 Communication

9 Connections

10 Representation
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Fig 1a

Cuk zut the polygons. You will be culting out four of each shape at ance.
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[

1. & regular pelygon is a palygon in which all sides are the same length and all
angles hava the same measurs. Girele the regular polygons baluw,

AOCONAOO

= In the tanle below, wiilte the name of each regular polvgon under its picture. Then,
using the palygons that you cut out from Activily Sheet 4, decide whether cach
palygon can be used 1o create a regular tesselialion. Aecord your answers in the
middle coumn. Inthe lasl column, uae your Geometry Template to draw
examplos showing how the polygons tossollale o don't tesssliate. Record any
gaps or overlaps.
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Fig 1b
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Date

Thine

4. Which of the polygons can be used Lo creato rogular tessellations?

4. Explain how you know thal these ara the only nnes.

Fig 1c
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Fig 4c
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Warm-up Excrcises:

PERCEPTION

[Cresls by shceavape peolle Do sipmd sendsang vt i g Sher

A perception game for students

1. Find a pactner and mke aboot [ seeonds fo ohserve hone hefthe is dressed amd hoaw baefshe looks,
X Have one parmer (40 tern higher back oo the other pammoer (KL

3. While partner 4 15 non looking, pareer Koshoohd change one ching abour hisTer appearaso uck
1y wleeny weloien 4 baron; por vonr ea e cpside down, ete,

4. Tell Parwacr A to rorn arcnnd mnd guess whar is differene gl Pariner B2 appearance
5. Switeh rales and cepear che peocess.

Percepeiion games in the classroom

Cimete 5wk, e onee a moath, chanes soonaléing o pror Sasseoom and see 17 you? smdenes netices
rrrn o poster upside dovens harg up semedhing cew; move somaeching aun ol 1o olace whee s
alwaaym 5“]:'[-‘:"5:‘1 o be, Thiy will blp l\.ccp studeats alert and remind them thae YO expeck thew 1o
e ohservant im the clhassrnom

Groral: in ele siadesiz frel comforealle dresng and o snoenage exprossion angd cheativaly

Sketching your hal

-
Fach student musc have a piees of paper aml o pesdl. ¢ l. | |
1. Bk your scedents oo hold the hand ther Jo oo wirine with in Frone of them, =, B! I'l |"I 7
1T ATy PN, "\jl".. ol
2'Lell them o loel ac thar hand during the whale drvwing axercise. " 3 ;
/
3 wichon bading an Chele paper, ask stderns ro deae ther hand i [ 1', ] ] . !
30 seconds, Chal'enge thert o use one line to dease the whale hand. 205 ||I I.,l |
. [ ! B —
4. Hnld vy the draweings su everyore can see _:F' - =
[} /'--
Tlswally, sadencs Langh amed comment an dhe deawings. Taey rarely Seel ! S
einmrrassed becanse they were e allowed o dnol at chear paper and h._f' o
P : R ; T
thev were anly gven 30 seconds. But, pedne oot that in spite of these conscrais, F}' | e
v demwings lonk like hands, Congratulare your siudois on being able to reveal i - ‘J-_ :
che basie shape and porpase of a haod with ane lice, ina limieed amovog of Bme, b '”;_,"' .

Repeat this sxercize onoe & week, om anes @ aenth.

Quicls sketchey of ohjectsdpeople

Fure eaviaicn, pou mighe ashk studens o draw o particalas olject in the classrocm, or rhe peston
scated next ro himdhier] Besnenber: students most not lock ar their paper whele deawing and the
drawings mose be cnrplaiad within a cme limide
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Downtown Landmarks: Math Facts

| MUMBER/HAME OF LANDMARK HE1GHT |W FEET DAIE
[ L. T Cuwanly Cotpthouse e ) 325 . ] L
2. Allechery Crmrl!_:.' Jail lzwane wrl'i] ] A0 ] ) TRHl
A, Dlockhmse ] 24 ) 1riad ]
4. Dorses nldmg, T THAR ]
M5 Gull Building ' SHY _ |l
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Make a yraph showing the approximate height of each landmark.

Height in feet
250 .
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2. Which landwiarck s the wallest?
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Fig 5d
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