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Abstract

Every object we think of or encounter, whether tura or human-made, has a regular or irregulapshin its
own intrinsic conceptual design, it has elementsathematics, science, engineering, and arts, wlich are
part of the object’'s geometric shape, form andcstine. Geometry is not only an important part otheanatics,
but it is also an important part of daily life. Wever, geometry is challenging for some studentsnehigh-
achieving students. One way to help students staled geometry and its relevance in life is to gegetudents
to discover them cognitively, then to research iedtify them in real world examples and then tatesthem
to past, present, and future innovations that impdoour way of thinking about ourselves and theldvaround
us. This interdisciplinary activity uses the Dephental Awareness Approach of Teaching and Legrnin
(DAATL) to help students discover principles, agguknowledge, and learn mathematical concepts diredu
surface area, volume, dimensions, regular and utaegplane figures, solid polygons (regular polygand
polyhedra), thinking design, and graph making, dtds designed to help students become acquainittdthe
most useful and familiar parts of mathematical gemynand its application in daily life through camiions
with disciplines such as science, engineering, dgsign, and social studies. The Development Anese
Approach of Teaching and Learning (DAATL) capitekiz on student's natural curiosity, inclination to
comprehend as well as students love of drawingdiilap painting, thinking and talking. Throughotlte
learning process, students are engaged in authieatining activities by real and concrete doinghwdtear
purposes, thinking analytically, and evaluatingrthimderstanding of texts and ideas orally, in dreyvand in
writing. This approach of teaching and learning besn tried and modified to ensure maximum effectss of
acquiring understanding of the intended learningcepts.  The activities can be used with studémts
elementary school up to 2-year college levels.

Keywords: Geometry, Learning Math, Developmental Discoverypigach, Active Learning, Student’s Active
Engagement.

1.Introduction

This interdisciplinary activity is designed to hedpudents discover and understand a range of matheain
concepts and skills capitalizing on their own paedoexperiences. It uses the Developmental Awaene
Approach of Teaching and Learning (DAATL) to helfpudents discover principles, acquire knowledge, and
learn mathematical concepts including surface arelyme, dimensions, regular and irregular plamgirés,
solid polygons (regular polygons and polyhedrajking design, and graph making, etc. It is destjto help
students become acquainted with the most usefufaaniiar parts of mathematical geometry and itliation

in daily life through connections with disciplinesch as science, engineering, art, design, andlstadies.

The Development Awareness Approach of Teaching lagaining (DAATL) capitalizes on student's
natural curiosity, inclination to comprehend ashasl students love of drawing, doodling, paintitignking and
talking. This is simply because “learners who o@ake connections between the subject matter amdaive
experiences struggle less with paying attentionkinga connections, completing tasks, taking testsd[
applying what they learn in different situationgBoyles and Contadino, 1998, p. 2). The DAATL waio
students to make the connections and also lenel itaturally to combine with other subject areashsas
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science, engineering, language arts, the fine @tsnology, and social issues. This approacleathing and
learning has been tried and modified to ensure mmaxi effectiveness of acquiring understanding of the
intended learning concepts. The activities camdmd with students in elementary school up tod-gellege
levels. The approach also emphasizes the impatahshared vocabulary in the development of affect
communication and the importance of writing in barning process. In short, throughout the leaymirocess,
students are engaged in authentic learning aetviby real and concrete doing with clear purpogesking
analytically, and evaluating their understandingeats and ideas orally, in drawing, and in writing

Every object we think of or encounter, whether &ura or human-made, has a regular or irregular
shape. In its own intrinsic conceptual designai klements of mathematics, science, engineernigass, etc.,
which are part of the object’'s geometric shapanfand structure.

Geometry is not only an important part of matheosatbut it is also an important part of daily life.
Furthermore, as James S. Tanton (2016b) indicagedore skills of logic and reasoning are critittabuccess in
school, work, and many other aspect of life. Hosregeometry is challenging for some students, éigh-
achieving students. One way to help students staled geometry and its relevance in life is to geggtudents
to discover them cognitively, then to research idedtify them in real world examples and then fateethem to
past, present, and future innovations that imprauadway of thinking about ourselves and the warddund us.
For example, geometric shapes are part of natudecam be seen in snowflakes, spider webs, difsaatanges
in water, diatoms (aquatic organisms), sunfloweag)bows, many forms of minerals (salt and diamdnds
well as in buildings, parks, and gardens, to nanfewa Furthermore, most of what humans design from
pharmaceutical tablets and capsules to bicycless aad airplanes, to name a few, are determined by
mathematical formula involving geometry (Slater diatbey, 1991).

By the end of successfully completing the plannetvities, students will be able to define and
describe regular and irregular plane figures ad a®lsolid shapes and objects. They will also ble &
verbalize what distinguishes one plane figure faomother, and one solid object from another, andl ladsable to
describe their characteristics using sides, corrard angles for those figures which have themyTié also
be able to distinguish between circles and Trias)gtectangles and squares, etc. and what singélsrand
differences they have. But most of all, they studeavill build confidence in their cognitive abiéit by applying
what they have learned from identifying the plaigifies and solid shapes around them to the worlghich
they live.

They will understand how to use the sides, cornangles, size, and surface areas as attributes for
understanding and identifying plane figures anddsobjects. For example, a side is a straight {ire makes
part of the shape and a corner is where two sidast.mAn angle is the space or the amount of tusuglly
measured in degrees) between two intersecting éinssirfaces at or close to the end point wherg theet (the
vertex). An area is defined as the number of sguaits that covers a closed figure, and the seréaea of an
object is calculated as the total area of the sartd a three-dimensional (3-D) object. The voluhan object,
which is also known as capacity, is the amount -girBensional space that a given object occupiearesh
vocabulary and meaning of things among studentsessential for effective communication and meanihgf
learning.

2. Discovery-Guided Learning Activities: Using theDevelopment Awareness Approach of Teaching and
Learning
As seen in Figure 1 and Table 1, this set of rdl&arning activities is divided to four main partSach part is
divided into a number of stages.
« Part one is called Developing an Awareness of 2dbitioan! Plane Figures.
« Parttwo is called Developing an Awareness of 3-&isional Solid Objects.
«  Part three deals with discovering regular anddsgdiometry (regular polygons and polyhedra) in the
living world around us.
« Part four deals with the assessment and the regamfent of students' understanding of the intended
learning concepts both in the classroom and iry diéd.

The activities and the exercises are purposelygdedi to start from simple to more challenging ones

building on each other’s gained information andried knowledge, skills, and understanding. Figlre
describes the four parts depicted in the conceptana the pedagogical relationship between them
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Figure 1

Concept Map for Developing Geometrical Knowledgd Skills
Through the Awareness Approach of Teaching

Developing Mathematical Knowledge and Skills Through the Awareness Approach of Teaching and Learning

Part 1 - Geometrical

Part2 - Geometrical

Regular Plane Figure

(Equal sides Bequal angles)

(2-Dimensional) Plane Figures

Two-dimensional shapes
with length and width

Discovering Patterns and Relationships
Making Sense of {2-Dimensional] Plane

rregular Mlane Figure
Mot all sides & all angles equal

(3-Dimensional) Solid Shapes

Regular 3-D (Polyhedrons)
Straight-sided Solid Shapes

Irregular 3-0 [Polyhedrons)
Curved-5ided Solid Shapes

Three-dimensional shapes
with length, width, and depth

Discovering Patterns and Relationships
Making Sense of (3-Dimensional) Solid

Part 3 - Plane and Solid Gaometry (regular polygons and polyhedra) in The Living World Around Us

Part 4 - Re-enforcement of Students’ Understanding of the Intended Learning Concepts

Table 1

Parts and Their Stages of the Learning Activities Beveloping Geometrical Knowledge
and Skills Through the Awareness Approach of Teaghi

Part of the Learning Activities Stages of the Learing Activities
| | Developing an Awareness of Plane Figureglar
Developing an Awareness of 2- polygons)Around You.
One | Dimensional Plane Figures Il | Knowing Your Plane Figuresdgular polygons)Better.

Il | Discovering Patterns and Relationships Among Plane

Figures fegular polygons).
| | Developing an Awareness of 3-dimensional shapes
(solid polygon known as polyhedrajAround You.
Developing an Awareness of 3- Il | Knowing Your 3-dimensional shapes Figu¢(sslid
Two | Dimensional Solid Objects polygon known as polyhedra)Better.

Il | Discovering Patterns and Relationships Among 3-
dimensional shapdsolid polygon known as
polyhedra).

Discovering regular and solid | | Developing Learning Skills of Constructing and
Three | geometry (regulapolygons and Calculating Plane and Solid Diagrams.
polyhedra) in the living world Il | Regular and solid geometry (regupalygons and
around us. polyhedra) in The Living World Around Us.
Assessment and the re-enforcement | | It's Time For Geometry, Art & Fun
Four %ft:;uddeedni a?:iizriganncd;g?solj otthhein Il Segeral ngstions for the Re-enforcgment of Stsden
the classroom and in daily life. nderstanding of the Intended Learning Concepts.

[

3. Part One: Developing an Awareness of 2-DimensiahPlane Figures Around You
Part one is divided into three stages of relatachiag activities.
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3.1.Part One — Stage I: Developing an Awareness of PlarFigures Around You

In this stage of the activity, students will worlaimly with regular plane figures. A plane figuredsfined and
described as a flat, closed figure or shape. dt2sdimensional shape with width and breadth nouthickness.
It can be made of straight lines, curved lineshath straight and curved lines of a closed figu@n the other
hand, a given plane figure with no sides or cum¥es are equal is called an irregular polygon oiireggular
plane figure. Students will first construct a givelosed plane figure using bending drinking strawgopsicle
sticks, then draw and name the given figure asuotd by the procedures and/or their teachehemnptrocess,
students develop shared vocabulary, skills, anérstanding that is needed for meaningful learning.
Procedures In this stage of the learning activity, studewth first construct a given closed plane figureangs
bending drinking straws or popsicle sticks, theamdand name the given figure as instructed belfMote that
the examples that are provided in bold and betvi@enparentheses are for teachers and not for stsidatso
the students need to be divided in a number ofgg@gual to the number of closed planes figuressviibbe
explored. In the following procedure ten closednpldigures are explored, therefore at least, teumgs of
students are required.)

Using bending drinking straws (or popsicle stickBgn one of the 8 1/2 X 11 inch papers (e.g. whitger) ask
each member of:

1. Group one to first construct (using bending strawey then draw and name a plane figure formed from
three equal line segments (sides) so that each paiwofline segments shares an endpoint. (e.g.,
triangle).

2. Group two to first construct (using bending stravesjd then draw and name a plane figure formed from
four equal line segments (sides) so that each pairwof ltne segments share an endpoint. (e.g.,
guadrilateral).

3. Group three to first construct (using bending spwnd then draw and name a plane figure forned fr
five equal line segments (sides) so that each pawmfihe segments share an endpoint. (@entagon.

4. Group four to first construct (using bending stravesd then draw and name a plane figure formeuh fro
six equal line segments (sides) so that each pawmfihe segments share an endpoint. (&exagon.

5. Group five to first construct (using bending stravend then draw and name a plane figure formeuah fro
sevenequal line segments (sides) so that each pair of ltme segments share an endpoint. (e.g.,
heptagon.

6. Group six to first construct (using bending straves)d then draw and name a plane figure formed from
eightequal line segments (sides) so that each pawmfihe segments share an endpoint. (ectagon.

7. Group seven to first construct (using bending stjaand then draw and name a plane figure forneed fr
nine equal line segments (sides) so that each pair@fihg segments share an endpoint. (@gnagon.

8. Group eight to first construct (using bending ssgvand then draw and name a plane figure forred fr
tenequal line segments (sides) so that each pair@fihe segments share an endpoint. (elecagon.

9. Group nine to first construct (using bending stiawsd then draw and name a plane figure formemh fro
more equal line segmengsides)than the one mentioned abowd that each pair of two line segments
share an endpoint (e.@golygon).

10. Group ten to first construct (using bending straasid then draw and name a plane figure that isé¢he
of points equidistant from a given pai¢.g.,circle).

Give all the students extra 10-15 minutes to firasly kind of final touch they would like to addtheir

construction and/or drawing of a given plane figamed to look at each other’s constructions, dravsirand

the choice of geometrical shapes.

By now, each group of students has constructededaand drawn a plane figure. Note however, if you
don’t have enough students in your class to diwide ten groups, you can divide stage one intog&ta-A
(steps 1-5) and stage 1-B (steps 6-10). In this @agh group of students will have the opportutgdtyork with
two different plane figures instead of only oneu$hhey will develop a better sense of the nature the
concept of plane figures and their characteristm®perties, and their application and implication the
environment around us.

3.2.Part One — Stage Il: Knowing Your Own Chosen Planéigure Better

Procedures Stage two of this learning activity is dividedidnthree integrated phases. In this stage of the
activity, all the questions are directed to and tnliesanswered by all the groups. Thus memberaai group
are going to work together collaboratively to answlee questions in both writing and in drawing form
Therefore, members of each group must take tuomwdang questions, writing answers, and making drgs:

3.21.Phase 1: Naming Your Chosen Plane Figure (Regularlygons):
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Give each group of students a copy of Table 2 witltout the information in the second column theaeach
figure’s name and ask the member of each group to:

1. Select a name for their chosen plane figure antihjukeir selection.

2. Provide a reasonable explanation for naming a gilane figure is important because students might
chose to give a name to their figure that has tatiomship to the shape and or the number of tthessi
corners or points.

Furthermore, challenging students’ choice of naames their reasons behind them forces studentsirié tf

names that have a relationship to some aspecedigiire itself (see Table 1). To do so, they aredd not only
to think but also to bring and integrate their opnior experiences as well as actual observations ftheir
surrounding environment into the learning process.

Table 2: The Relationship Between the Number of Sides inuRedPlane Figures and the Figures' Names

Number of Equal Sidesn a Given Plane Figure (Regular Polygon) Figure's
Name
1 | Threeequalline segments so that each pair of two line segengmre an endpoint Triangle
2 | Four equalline segments so that each pair of two line segsnamre an endpoint Quadrilateral
3 | Fiveequalline segments so that each pair of two line segsr&rare an endpoint Pentagon
4 | Six equalline segments so that each pair of two line segsnamre an Hexagon
endpoint
5 | Severequalline segments so that each pair of two line segsngmre an endpoint Heptagon
Heptagon
6 | Eight equalline segments so that each pair of two line segengmire an endpoint Octagon
7 | Nine equalline segments so that each pair of two line sege&mire an endpoint Nonagon
8 | Ten equalline segments so that each pair of two line segsnamre an endpoint Decagon
9 | Twelve equaline segments so that each pair of two line segsn&mdre an Dodecagon
endpoint
10 | More equal line segments than mentioned abpse that each pair of two line Polygon
segments share an endpoint
11 | Locus of points at a given distance from a gipeimt in a 2-dimensional plane and mee¢t  Circle
a given condition

3.22. Phase 2: Defining and Describing Your Chosen R&aFigure (Regular polygons)

To define is to specify the essential nature, psepor basic qualities of something by placingiticategory

and then distinguishing it from other members eaft ttategory. In other words, it is to exactly stite nature,

scope, or meaning of something by giving the gdneraning of that something. To describe is toegiv

essential characteristics and features of somethirgher words, to give a detailed account of sthiimg (Hasa,

2016). Distinguishing between the concepts of riidin (to define) and description (to describeyvafs

presents challenges to students of all educatlemals. When students are asked to define a gipgact, quite

often they come up with statements that reflectexadra description than a definition of that obj@eherif and

Adams 2016). Because of this, students are askeéfine and to describe their chosen figures iinvg: In

addition, writing is an effective way of learningroviding clarity of mind, and targeted focus omaiand

purposes. With this in mind, give a copy of thddaling Table 3 to the members of each group, ahdtlas

students:

1. Using Table 3, and in written words, define andcdeg your chosen plane figure using the least arholi
words possible, but as accurate a description efidition as possible.

2. Discuss your definition and description of yourdiig with the whole class and modify them accordirtdl
needed). If you made any changes, please enterithéra second row of table 2.

3. How do the definition and the description of yotiosen figure differ?

4. Write one paragraph explaining what you have lefr@m actively engaging in this learning exercise.

Table 3 Defining and Describing a Given Closed Plane Figure
Given Plane Figure
Name # of Sides Definition Description
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3.23.Phase 3: Knowing Your Plane Figure Better

The aim of this phase of stage one is for the siisdi® gather and generate as much data and infiomzs they
can about their chosen plane figures. It is alseful for students to develop a shared vocabuldrichwis
needed for students to develop successful comntisricand meaningful understanding. The phasevisl el
into four related learning parts.

Phase 3-A: How Well Do You Know Your Own Selectddri® Figure?
The questions in this phase are directed to andldhm® answered by the members of all the groupk. the
members of each group to answer the following dolest

1. What name have you given to your own chosen pligued?

2. What is the scientific or mathematical name of ychwsen plane figure?

3. Is this name similar of different from the namettilau have already selected for your chosen plane

figure?

4. How many line segments (sides) does your planedigansist of?

5. How many angles does your plane figure have?

6. What is the size of each angle and what is eacle @a¢jed?

7. What is the total measurement of all the anglgsimr plane figure?

8. What is the length of each line segment (side)oiryplane figure?

9. What is the total length of all the line segmestdéds) of your plane figure?
10. What is the area of your plane figure?
11
12
13

Why do you think a plane figure like the one yoewliis called a ‘Closed-plane Figure’?
Why do you think a plane figure like the one yoewlis called a ‘Regular closed-plane Figure’?
What type of conclusion or relationship can yowdtetween the number of angles and the number of
straight line-segments (sides) of a given planerég
14. Write one paragraph describing what you have lehfream actively engaging in this hands-on learning
exercise.
Challenge Yourself:
A. Why a drawing that is made of only two lineglés) cannot be considered as “a closed plane figure
B. Can you draw your plane figure in such a way tha total sum of the angles will not be equathe total
sum of angles in the original regular plane figure?
For example, Carl Friedrich Gauss (1777-1855) duoed the geometry of curved surface (non-Euclidean
geometry) in which the sum of the angles of a giarns less than 180 degrees.
Any closed figure with straight sides is called @lygon, as mentioned before. The number of angiea i
polygon is the same as the number of sides. A polygay be divided into triangles, each of whichtaors
180°. To get the number of degrees in the sunhefangles of any polygon, take two less than thebau of

sides, and multiply by 180° i.¢n—2)180° , wherfe standstfer number of sides of the polygon (Alder,

1960, p. 25).
The following Table 4 shows examples of the refalup between the figures’ names, the number @&ssidnd
the sum of angles in regular plane figures andesrby using the previously mentioned formula

Table 4
The Relationship Between the Regular Plane Figilasies, the Number of Sides,
and the Sum of Angles in Regular Plane FiguresGirdes

Figure's Name Number of Sides Number of Sum of Angles in Degrees
nn=3 Anglesn,n > 3 (n—2)180",n>3

1 | Triangle 3 3 1 X 180° =180°
2 | Quadrilateral 4 4 2 X 180° = 360°
3 | Pentagon 5 5 3 X 180° = 540°
4 | Hexagon 6 6 4 X 180° = 720°
5 | Heptagon/Septagon 7 7 5 X 180° = 900°
6 | Octagon 8 8 6 X 180° = 1080°
7 | Nonagon 9 9 7 X 180° = 1260°
8 | Decagon 10 10 8 X 180° = 1440°
9 | Polygon N N (N-2) X 180°
10 | Circle 1 0 360°

Phase 3-B: Generating More Plane Figures from thei@inal Selected Plane Figure
For the following learning exercise, you need teeghe members of each group three large drawoagsds) of
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their original plane figure, colored pencils, otared felt pens, and two 12 inch rulers.
Ask the members of each group to answer the foligwjuestions:
1. What kind of closed plane figure shape(s) can yatbg dividing your original plane figure into tveseas
(a) By drawing a straight line from one angle te faced side (diagonal)?
(b) By drawing a straight line between two opposittes (perpendicular bisector)?
For example, some students will get 2-trianglesnfrene triangle, 1-triangle and 1- trapezoid frone on
triangle, 2-triangles or 2-rectangles from a squargapezoids from one hexagon, 2-pentagons from a
octagon, to name a few. See Figure 2.
2. Draw straight lines directly from a one single angi corner into each of the other corners or anglgour
chosen closed plane figure. Using Table 5 beloswer the following questions:
a. How many straight sides and angles does your chdesad figure have?
b. How many straight lines can be drawn from a siagigle or corner into each of the other corners
or angles in the same closed plane figure?
c. How many closed plane figures can be produced &widg straight lines from one single angle or
corner into each of the other corners or angléka@rsame closed plane figure (Poonen and
Rubinstein 1998)
d. What types of closed plane figures are producedrasult of drawing straight lines from one
single angle or corner into each of the other awroe angles in the same closed plane figure?

Figure 2
The kind of closed plane figure shape(s) generayadividing a plane figure into two areas

%@

3.  What conclusion can you come up with as a resudinafyzing your answers to the questions above and
recorded data in Table 5 below?

4. What have you learned from actively engaging is tearning exercise?

For example, the students will be able to figureand conclude that:

1. With the exception to the triangle, the numbertcdight lines that can bdrawn from a single angle or
corner into each of the other corners or angledvaysthree less thathe actual number of sides of the
given plane figure(Actual # of sides — 3); (See Figure 3 for an exianp

2. The number of closed plane figures that resultechfdrawing from a single angle or corner into each
of the other corners or angles is alwaw® less tharthe actual number of sides of the given plane
figure. (Actual # of sides — 2); (See Figure 3 for an exianp

3. The types of the plane figures that result fromading from a single angle or corner into each of the
other corners or angles is alwayse type — a triangléSee Figure 3 for an example).

Table 5:
Students’ Predications and their Actual Findingdriawing straight lines

from one single angle or corner into each of tlieotorners or angles
Number of sides, | Number of straight lines thay Number of closed | Types of closed
Name of closed| points or angles in| can be drawn from a single| plane figures that plane figures
plane figure the closed plane | angle or corner into each of, resulted from taking that can be
figuren,n > 3 the other corners or angles the action made in a
(diagonals) n—-2nx=3 chosen plane
n—-3,n=3 figure
1 | Triangle 3 0 1 Triangles
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2 | Square 4 1 2 Triangles

3 | Pentagon 5 2 3 Triangles

4 | Hexagon 6 3 4 Triangles

5 | Heptagon/ 7 4 5 Triangles

Septagon

6 | Octagon 8 5 6 Triangles

7 | Nonagon 9 6 7 Triangles

8 | Decagon 10 7 8 Triangles

9 | Hendecagon 11 8 9 Triangles
10 | Dodecagon 12 9 10 Triangles
11 | Octadecagon 18 15 16 Triangles
12 | Icositetragon 24 21 22 Triangles
13 | Triacontagon 30 27 28 Triangles
14 | Tetracontagon 40 37 38 Triangles
15 | Pentacontagon 50 47 48 Triangles

Figure 3
Drawing straight lines from one single angle omesrinto each of the other corners
or angles and from each angle or corner into e&tfrecother corners or angles
Regular Hexagons Regular Octagons
v

Challenging Activity: From Simplicity to Complexity

To ensure that the students understand and commtetieat they have learned so far, challenge thetim thie
following question based on what the students Edyrwere able to do, and were able to conclude.

1.

Ask the members of the group who worked with thentyle plane figure to imagine that they draw a
straight line from each corner (angle) that is pedcular to the opposite side in their chosemgiia
(plane figure).

Ask the members of the rest of the groups to imagirawing straight lines from each of the angles to
each of the other angles in their chosen planedigu

Give each group of students a copy of Table M{gn ask the members all the groups based on your
imagination and following the instructions you habeen given above, predict and record your
predictions in Table 7-(i):

A. How many straight lines can you draw in your choskame figure?

B. How many closed plane figures can you make in yhaisen plane figure?

C. How many different types of closed plane figures gau get into your chosen plane figure?
Using the large drawing (copies) of their origipéne figure, colored pencils (or colored felt persd
rulers, ask the members of all the groups to test predications by actually:

A. Drawing the needed straight lines in their @&oplane figures.

B. Using the colored pencils or colored felt pensdtmcthe newly created closed plane figures.

C. Recording their findings in Table 7-(i).

Do your predications agree or disagree with yotmadindings? Explain.
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Table 7-(i)

Students’ Predications and Their Actual Finding&amnerating
More Plane Figures from their Original Closed Pl&igires

6. What types of inference and or conclusion can yakarfrom your obtained data and findings?
7. What have you learned from actively engaging is trands-on learning exercise?

Predictions Actual
Findings

1 | How many different straight lines can you malafreach angle in your

chosen plane figure?
2 | As a result of making straight lines from eachleaphow many closed plane

figures can you make in your chosen plane figure?
3 | As a result of making straight lines from eacplenhow many different

closed plane figures can you get in your choseneplure?
4 | What have you learned from actively engagindnis kearning exercise?

For teachers: Figure 3 and the following Tablei)/éire resources for teachers to help them guidsrtstudents

in the discovery process of Table 7-(i).

Table 7-(ii)

Notes and resource for teachers to help guide shaitents in the discovery process

gon

Name of Number of | Number of A total of all the straightt Number of Different types of
closed plane | sides, straight lines lines that can be made | closed plane closed plane figures
figure points, emerging from | from each angle into the figures that can | that can be made in a
angles a single angle | other angles in a chosenbe made in a chosen plane figure
n n—3 plane figure (diagonals)| chosen plane
n(n —3) figure
2
1 | Triangle 3 0 0 0 Triangle
2 | Square 4 1 2 4 Triangles
3 | Pentagon 5 2 5 11 Triangles and penta
4 | Hexagon 6 3 9 24 Triangles and
quadrilaterals
Triangles,
5 | Heptagon/ 7 4 14 50 quadrilaterals,
Septagon pentagons and
heptagon
Triangles,
quadrilaterals,
6 | Octagon 8 5 20 80 pentagons, hexagons
and nonagon
7 | Nonagon 9 6 27 154 Triangles and
quadrilaterals
Triangles,
8 | Decagon 10 7 35 220 quadrilaterals and
pentagon

Phase 3-C: Fun With Manipulating the Sides of theri@inal Closed Plane Figure

Ask the members of each group to answer the foligwguestions:
1. How many different types of closed plane figures gau get by changing the length of the equal safes
your original plane figure from equal sides to wmdcsides? Draw and name these different typéigufes
that all still have the same number of line segmént they are all now in unequal lengths.

Example 1. An equilateral triangle has all itdesi the same length, an isosceles triangle haotwloe
three of its sides the same length, and the scalemgle has all of its three sides different lgrsg See the
following Figure 4.
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Figure 4: All Triangles Have Three Line Segments that SharépBints

T

Scalene

Isosceles

Example 2. All of the following quadrilaterals hafeir line segments that share endpoints: A traide@s
two parallel sides), an isosceles trapezoid (hagrmnt nonparallel sides), a kite (has two pdiradjacent
congruent sides), a parallelogram (has pairs obsipp sides parallel), a rectangle (has a rightedng
square (has a pair of adjacent congruent sides)Figgire 5.

Figure 5: All Quadrilaterals Have Four Line Segments thar8tEndpoints

f//
o \
{\\ //

Trapezoid Isosceles trapezoid

Kite

Parallelogram Rectangle Box

2. How many plane figures can you get by changingsthes of the angles of your figure? Draw and name
these different figures that all still have the samumber of angles and the same total sum of thlesas
your original plane figure.

Example 3. The right triangle has one angle meag@0°, an obtuse triangle has one angle measnriang
than 90° and the acute triangle has all its angleasuring less then 90°. Yet, the total sum ofaigles of
each triangle is still the same. See Figure 6.

Knowing two angles in a given closed plane figlm@y can you calculate the rest of the angles irstrae
figure? lllustrate your answer in writing and dragi

Write one paragraph illustrating what you haveredrfrom actively engaging in this learning hands-o
exercise. Include in your writing a concept maghow many way you can classify Triangles, for exampl
students can classify triangles based on sidesgies (see figure 7 below).

Figure 6 a & b: Different types of Angles in Triandes

o’ > TH

Right Cibtuse Aute
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Source; http://www.mathcaptain.com/geometry/triectuiml

Figure 7: Classifying Triangles Concept Map

Classifying Triangles Concept Map
‘ TRIANGLES ‘
| —— 1
T AnGies |
| ‘ ‘ SMES |
| 1 i
| N N I — RSN I S
ACUTE RyEHT DO TLSE SCALENE ESOECELES | EQUILATERAL
| [all wrgles benn | lmne arghs pxscrly {ome angle yrisales |Fie gl dlcban] | d v el sedied) |thiee pous|
thumn S0 H401 =T B | k=i
Source: http://nextgen.wvnet.edu/Courses/lessoRgptu=23&I=238&t=Lesson

Phase 3-D: The Power of Informative Prediction Ihé Development of Cognitive Thinking Skills:

So far, in all parts of Phase Ill we worked withrigas plane figures that had an equal number ofmsegs or

sides. The questions are:

1. What do you think will happen if you change thegdnof one or two sides in your original selectéanp
figure? Write your predictions down. Explain.

2. What do you think will happen if you change theestf one or two angles in your original selecteanpl
figure? Write your predictions down. Explain.

Phase 3-E: Testing Your Understanding by Playinghvihe Triangle

The following hands-on learning exercise is forth# students to do. A triangle is a polygon mapeithree
segments, or sides. However, based on the lerfgtheosides and the size of the angles, triangtas e
classified into six types as shown in Table 7.riarngle with sides A, B, C can be read and or a®rsas1ABC.
Using Table 7, the members of each group will feltine directions in the first column (in Table @)draw the
corresponding closed plane figure in column thrieth® same table.

Table 7: Triangles, Types and Description

Description of Sides and or Angles

Type of Triangke

Draw the shape of this triangle

All sides are the same length

Equilateral triang

Two or more sides are the same

Isosceles triang

D

All sides are different lengths

Scalene triangle

One angle is a right angle

Right triangle

One angle is an obtuse angle

Obtuse triangle

OO |WIN|F

All three angles are acute

Acute triangle

Based on what you learned and the information inld &:

1. Identify which of the following statements are a@ta or not and why:
a. All equilateral triangles are also isosceles?
b. All isosceles triangles are equilateral?
2. Atriangle is a polygon made of three straight segts, or sides and angles. Where do you see a real-
world application of angles of various types?
3. Anangle is a set of points consisting of two rayshalf-lines, with a common endpoint (known as th

vertex). Where do you see a real-world applicatibangles of various types?
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4.

5.

7.

8.

Since the sum of the angles of any triangle is 1804 if you know the measurement of two angles,
how can you find out or calculate the third angle?
Knowing that the sum of the angles of any triangl&80°, and a triangle is a polygon made of three
segments, or sides, how can you use this informatidind out the sum of the angles of other typies
regular plane figures (Regular Polygon). Demonstyatur explanation with actual illustrations.
(Hint: If n = the number of sides of a given polpgohen it can be divided into n-2 triangles, each
having 180° as the sum of its angles. Thus theafutime angle is (n-2) X 180°. For example, a-five
sided figure (pentagon) can be divided into 5-2&ri8ngles. The sum of the angles of each triangle i
180°. Thus the sum of the angle of the five-siigold (polygon) is 3 X 180° = 3,540°).
Your teacher will give you a copy of the map of theited States with its 50 unnamed states. Usiigy th
map of the United States:
a. Label as many U.S. states as you can. Talk withcjassmates and or use an atlas if needed to
finish labeling the states.
b. Select three states that you like and/ or woule fmvvisit.
c. Match each of your three selected states to tteestshape of a given regular plane figure
(polygon).
d. Which of your three selected state shapes candig ezatched to a shape of a given polygon?
Explain.
e. Which of your three-selected state shape canndy éesmatched to a shape of a given polygon?
Explain.
Re-draw the map of the U.S.A. using regular arebufar geometrical plane figures to illustrate the
states.
Write one paragraph explaining what you have ledhtmeengaging in this hands-on learning exercise.

Activity: One Plane Figure - Multiple Names

Regular plane figures can be identified with mdrantone term. The table below lists plane figurethe first

column.
1. Study the plane figures listed in the first colummable 8. Then draw the figure in column two.
2. In column three, select and list all the term(git ttan also be used to identify the plane figusted in
column one.
Table 8
Regular plane figures can be identified with mdw@ntone term
Which of the following terms can also be used to
Regular plane Draw the shape of the identify this regular plane figure?
figure regular plane figure (Hexagon, kite, parallelogram, quadrilateral,
rectangle, regular polygon, rhombus, square,
trapezoid and triangle

1 | Square

2 | Triangle

3 | Kite

4 | Rectangle

5 | Parallelogram

6 | Quadrilateral

7 | Hexagon

8 | Right triangles

9 | Trapezoid

10 | Rhombus

11 | Circle

3.3.Part One- Stage lllI: Discovering Patterns and Reladnships in Plane Figures (Regular Geometrical
Shapes)

Procedures for Stage Three:As in all the previous stages, in this activity,thk questions are directed to and
must be answered by all the groups in writing andrawing.

1.

2.

Give each student a copy of Table 9. Then dividebllackboard or the whiteboard into two large seti
and divide each section into three subsectionb@srsin Table 8.

Ask all the students to fill Table 8, using theorrhation they have already generated. Then ask
representatives from each group to come and tratisfénformation from their own Table 8 onto thmigar
table on the blackboard.
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Table 9 -Discovering Patterns and Relationships in Planereg

The New Modified Plane Figures that have
been derived from the Original Plane Figyre
by drawing straight lines from one single
angle or corner into each of the other corners

Original Plane Figure

or angles
Name of the | Number of | Number of Name of the | Number of | Number of
figure sides angles figure sides angles

3. Ask all the groups to study Table 9 by analyzing aomparing the number of sides and the number of
angles in the plane figures. Then ask the follovgjngstions:

a. What kind of inference can you make about the imiahip between the number of sides and the
number of angles in a given plane figure (by usimgt you observed to explain what you discovered?)

b. Can you predict how many angles a plane figure @dtisides will have?

c. Can you predict how many sides a plane figure Wtangles will have?

d. Can you find a relationship between the kind oflara;d the number of angles, or the number of sides
in a plane figure?

e. Can you predict which plane figure can or cannotivaded into two, three, or four equal parts when
all the sides are equal? Use Table 10 to answeqtiestion.

Table 10
Identifying Patterns and Relationships in Planaifég

Original
Plane Figure

A Figure Divided into 2
Equal Parts When All The
Sides are Equal

A Figure Divided into
more than 2 Equal Parts
When All The Sides are

Equal

A Figure that cannot be
Divided into more than 2
Equal Parts When All The

Sides are Equal

4. Part Two: Developing an Awareness of Three - Diensional (3-D) Solid Shapes

4.1.Description For Part Two:

In part 2 of the learning activities students widlve the opportunity to transfer 2-dimensional pléigures into

3-dimensional shapes. In doing so, the studentdeaitn to differentiate between 2-D and 3-D figyrilentify

the characteristics, properties, use, and impleatient of the 3-D shapes in real life, and how tastouct 3-

dimensional shapes using straws and or popsidksstAs in part one, part two is also divided itlicee stages
of related learning activities.

A three dimensional (3D) shape or object is an abfbat has width, depth and height, and thus
identified as solid geometry (the geometry of thd@aensional space). But unlike the 2-dimensiahape, the
3-dimensional shapes, by their nature, have adereind an outside, separated by a surface.

There are two types of 3-dimensional figures: f@se that have straight sides and are identified as
polyhedrons, (based on polygons), and (b) thosdssobjects which have curved sides. Spheres, cubess,
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pyramids, rectangular prisms, and cylinders, atg arfew of many examples of 3D-objects that weozmter

on a daily basis. Solid objects (3-D) have spepiaberties that distinguish them from regular pldigures
such as volume and surface area, as well as théaruof vertices (points), faces, and edges. Polgmsdare
defined as having straight edges, flat sides cdleds, and corners, called vertices. They aremifttiated by
whether their faces are the same shape and/or size.

Like in Part 1, which dealt strictly with 2-dimensial plane figures, Part 2 consists of a number of

stages that are designed so that what studentsvdisand learn in one stage can be used for engatidents

in the discovery and learning of the following stag

4.2.Part Two — Stage I: Developing an Awareness of Thes- Dimensional (3-D) Solid Shapes (Objects)
Around You

In this stage of the activity all the questionslw# directed to all the groups. Thus, ask membg&esach group
to:
1. Draw and name your original plane figure as a Batisional shape (solid object).
Example: cylinder, sphere, cube, triangular pychmectangular pyramid, rectangular prism, hexabona
prism, triangular prism, square pyramid, or coree Bigure 8.
There are a number of hands-on techniques thahe¢emaan use to engage students to construct 3-
dimensional shapes from 2-dimensional figures. fBHewing is one way that we found to be helpful.
a. Draw a plane figure on graph paper using a darkkemar Then place a sheet of transparent or wax

paper on top of the first paper and outline then@lfigure you have already drawn, using a different
color felt pen.

b. Move the transparency or wax paper in two directiahthe same distance and perpendicular to each
other.

c. Connect the symmetrical points of the two planerg; each point in the first figure (black figume

the graphic paper) with its corresponding pointtle second figure (the colored figure on the
transparent sheet).

d. The result will be a three dimensional figure otiyoriginal plane figure on the sheet of transpaogn
wax paper.

Figure 8 - Examples of 3- dimensional shape (solid object)

Sphere

Cube
Cylinder

Triangular Pyramid Rectangular Pyramid -
Rectangular Prism

e - /\ Triangular Prism
/N
o 7 X
Hexagonal Prism / \-\
/'/ N Square Pyramid
/ N
/ 2\
£ S
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After you give your student enough time to practising this approach to create a 3-dimensionakdigtom
their original plane figure (2-D), ask them:
1. Can you think of other ways or techniques that gould use to create a 3-dimensional shape from your
original plane figure?
2. How many different 3-dimensional shapes can youariakm your original plane figure?
3. What are the differences and similarities betweletha 3-dimensional shapes that you created from
your answers of step 27
4. What are the differences and similarities betweedinZnsional plane figures and 3-dimensional
shapes or objects?
5. Write down a one paragraph explanation of what lyave learned from being actively engaged in this
learning exercise.

4.3.Part Two — Stage II: Knowing Your Chosen 3-Dimensinal Shapes Better

Procedures: In this stage of the activity all the questions dmected to, and must be answered, by all the
groups. Thus, members of each group are going t& ealaboratively to answer the questions in bwtitten
and in drawing form. Members of each group must tiaikns recording questions, writing answers, aa#ing
drawings._Ask all the groups to:

4.3.1. Phase — 1: 3-Dimensional Shapes (Solid Objects):
Phase — 1-A: Defining and Describing 3-Dimensiong8hapes (Solid Objects):
1. In written words, define and describe your 3-Dinienal shape using as less words as possible, but as
accurate a description as possible.
2. Discuss your definition and description of your Bragnsional shape with the whole class and modify it
accordingly (if you have to).

Phase — I-B: Naming Your 3-Dimensional shapes:

Give each group a copy of the Table 11 but withbatinformation in the third column. Then ask thember
of each group to select a name for their 3-Dimaraichapes and to justify their selection. Pragda
reasonable explanation for naming a given 3-D shapebject is important because students mightsdo
name their 3-D shapes names that have no relatptsthe width, depth and height, number of vedi¢corner
points), number of the faces (sides), and plangkse8-D shapes. Furthermore, challenging stuentsces of
names and their reasons behind them force stuttetiink of names that are relative to and havelaionship
to some aspect of the 3-D shapes.

Table 11
Regular 3-Dimensional Solid Shapes
Number of Sides in a Given Three- Dimensional Fige Number of Flat | Figure's Name
Faces (sides)
Four triangles with three of them at each cornachgriangle with
1 | three line segments that share endpoints and Wisidas equal Four Tetrahedron
Six squares with three of them at each corner. Equhare with Hexahedron
2 | four line segments that share endpoints and witkidés equal. Six (Cube)
Eight triangles with four of them at each corneacktriangle with
3 | three line segments that share endpoints and Wisidas equal. Eight Octahedron
Twelve pentagons with three pentagons at each cdeaeh
4 | pentagon with five line segments share endpoirdswéth all sides Twelve Dodecahedron
equal.
Twenty triangles with five triangles at each
5 | corner. Each triangle with three line segmentseskadpoints and Twenty Icosahedrons
with all sides equal.

For teachers:
Using Euler's Formula
V-E+F =2
or, in words: the number of verticeg)( minus the number of edgds){( plus the number of faceB)( is equal to
two. It can be derived that
E=V+F+2

Meaning that if you add the number of corners tortimber of faces of any one of these solids, yidiget the
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number of edges in the solid plus 2. Try it witikube. There are eight corners, and six facethescum of
these numbers is 14. Now count the number of e@igdisr, 1960, p. 36-37).

How to Make a Solid Object with Flat Faces:

First make an equilateral triangle, a square, anegalar pentagon on cardboard, and cut them dbuen you
can make each figure as many times as you hawantbijn the right position, by tracing around thedbaard
form. When a pattern is complete, cut it out, amake creases on the lines. After you fold it wgglst by
binding the edges with adhesive tape (Adler, 19636-37).

Table 12:Irregular 3-Dimensional Figures (Irregular Solidjexdis)

Number of Sides in a Given 3- Dimensional Figure ONmber of Flat Faces
(sides)

Two triangles and three squares. Each square iwdélsegments that share
1 | endpoints and with all sides equal.

One square and four triangles. Each triangle lvihsegments that share
2 | endpoints and with all sides equal.

One regular pentagon and five triangles. Eachdt@awith line segments that
3 | share endpoints and with all sides equal.

D

One regular hexagon and six triangles. Each treangth line segments that shar
4 | endpoints and with all sides equal.

Seven regular pentagons, each with five line seggrteat share endpoints and
5 | with all sides equal.

4.3.2. Phase - 2: Knowing Your 3-Dimensional Shape (Soli@bject) Better:

Phase 2-A: How Well Do You Know Your New 3-Dimensib Shape (Solid Object)?

In this part students will be given the opporturtibtydeepen their understanding on 3-dimensiongbeshdy
adding the two new notions of surface area andmeluThe surface area of a solid object is a measutiee
total area that the surface of the object occupietume is the quantity of 3-Dimensional space esetl by a
closed surface.

All the questions in this section are directed nd aust be answered by the members of each grauge!@s
may use protractors for the measurement of anglé< a-inch rulers for the measurement of sides.

1. How many sides does your new 3-Dimensional shape™a

2. How many angles does your a new 3-Dimensional shape?

3. What is the measurement of each angle and what's &ngle called?

4. What is the total measurement of all the anglggiur new 3-Dimensional shape?

5. What is the length of each line segment (side)irynew 3-Dimensional shape?

6. What is the total length of all the line segmesidés) of your new 3-Dimensional shape?

7. What do you think is needed from you to know inegrtb find the surface area of your 3-Dimensional
shape?

8. What do you think is needed from you to know inesrtb find the volume of your 3-Dimensional
shape?

9. Put all your answers for question 1-8 in writte @aragraph form.
10. Write one or two paragraphs explaining what youehl@arned from actively engaging in this learning
exercise about your 3-Dimensional (solid) shape.

Phase 2-B: Manipulating and Generating Various 3-Bensional Shapes from Your Original 3-Dimensional
Figure
All the questions in this section are directednd enust be answered by the members of each group.

1. How many 3-Dimensional shapes can you get by cingntifie length of the sides of your original 3-

Dimensional figure? Draw and name these diffeBeDimensional shapes.

2. How many 3-Dimensional shapes can you get by chngntfie sizes (measurement) of the angles of
your original 3-Dimensional shape? Draw and namesé different 3-Dimensional shapes.
Name five objects that have approximately the ssnages as your original 3-Dimensional shape.
Put all your answers for questions 1-3 in writted @aragraph form.
What can you conclude or infer from your findings?
Write one paragraph explaining what you have lehifnem actively engaging in this learning exercise
about your 3-Dimensional (solid) shape.

o0~
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4.4.Part Two — Stage llI: Discovering Patterns And Rel@onships in 3-Dimension Shapes (Solid
Geometrical Objects)

Give each group of students one copy of Table TBen divide the blackboard or whiteboard into taogke
sections and divide each section into three sulogecas shown in Table 12.

Procedures For Stage lll: Like in all the previous stages, in this stagetw activity, all the questions are
directed to and must be answered by all the groupsiting and in drawings.

1.

Ask all the student to fill table 12 using the infation they already have generated, then ask
representatives from each group to come and trattsfenformation from their own table 12 onto thble

on the blackboard.

Ask all the groups to study Table 13 by analyzind aomparing the number of sides and the number of
angles in a given 3-Dimensional shape. Then asfotleving questions:

Table 13
Discovering Patterns and Relationships in 3-Dinmamei Shapes (Solid Geometrical Objects)

The New Modified 3-Dimensional Shapes

Original 3- Dimensional Shapes that have been derived in Phase 1I-B
Name of The | Number of | Number of Name of The | Number of | Number
Figures Sides Angles Figures Sides of Angles
(Faces) (Vertices) (Faces) (Vertices)

What kind of inference can you make about the imiahip between the number of sides and the
number of angleén a 3-Dimensional shapéy using what you have observed to explain wiat y
discovered?

Can you predict how many angl@8-Dimensional shapeith 24 sides will have?

Can you predict how many side8-@imensional shapeith 18 angles will have?

Can you find a relationship between the kind oflaramd the number of angles or the number of sides
in a given_3-Dimensional shape

Can you predict which one can or cannot be divieaéal two, three, and four equal parts when all the
sides are equal?

What can you conclude or infer from your findings?

Write one paragraph explaining what you have ledfnem actively engaging in this learning exercise
about 3-Dimensional (solid) shapes.

Making The Connection: Geometry and Human Societies

Geometry is not only an important part of matheosatbut it is also an important part of life. Ymight be
surprised to discover that any physical item that yan touch is indeed a 3-Dimensional object. thie
following activities, students will engage in a&ivesearch finding and making sense of the reahemion
between geometry, life, and the world around us.

Ask all the students to:

1.

2.

3.

Take their original plane figure and change it iatcstar shape with symmetrical points by drawing
straight lines joining two opposite angles (diageha

Take their original 3-Dimensional shape and chaitgato a star shape with symmetrical points by
drawing straight lines joining two opposite vertiqgeiagonals).

Try to associate a given star with a similar synthalk is used by a given human community, culture o
society in our beautiful world.

Conduct a library search to discover if there soaiety or culture that has been using the starhgoue
created from your original plane figure and/or 8aBimensional shape as a cultural symbol.

Conduct library research to discover how many ef phane figures drawn in the class can be found in
coins in this country and throughout the world.
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6. Conduct marketing research to find out how manglbthe plane figures and the 3-Dimensional shapes
that have been drawn in the class can be seenairegropular in jewelry making (gemstones etc.).

5. Part Three: Discovering Regular and Solid Geontgy (regular polygons and polyhedra) In the Living
World Around Us
Part three is divided into two stages of relateairigng activities.

5.1. Part Three — Stage I: Developing Learning SK8 of Constructing and Calculating Plane Figures ad

Solid Shapes
By now, the students have enough data and infoomakiat enable them to discover patterns and oelstips
between plane figures, 3-Dimensional solid shaped,the relationships between the number of siddsaagles
in plane figures and 3-Dimensional shapes. Becaliskis, the students are ready to construct exgpianes
and solid shape diagrams and calculate their volsugace areas, angles, etc. as well as to apgly t
understanding in real world solutions.
Procedures:In this stage of the activity, all the questions directed to and must be answered by all the group
in writing and in drawing. Thus, ask all the greup:

1. Describe a regular polyhedron.

2. According to your previous definition in questiondescribe an irregular 3-Dimensional shape.

3. A pyramid and a prism are both named by the shhpeeo what?

4. What kind of shapes can be fit together to makegalar polyhedron?

Table 14:Relationship between Faces, Edges and Verticeslgh&drons

Number of Number Number of vertices Base face
faces of edges V=E-F+2
Triangular Prism 5 9 6 Triangular base
Rectangular 6 12 8 Rectangular base

prism/Cuboid

Pentagonal Prism 15

0 Pentagonal base
2

Hexagonal Prism 18 Hexagonal base

Square Pyramid 8 Square base

Pentagonal Pyramid

Hexagonal Pyramid 12 Hexagonal base

1
1
5
10 6 Pentagonal base
7
6

m\l@(ﬂm\j

12 Only side face that is
triangular

Octahedron

More challenging Topic:

Platonic solids are 3-Dimensional shapes where &aghis the same regular polygon and the same euofb
polygons meets at each vertex. The platonic salidsonly 5, tetrahedron, cube, octahedron, dodectahgand
icosahedron. The Platonic solids were known taatihgient Greeks, and were described by Plato iTinigeus
ca. 350 BC. Why are there only 5 platonic soli&dents can use Table 15 to answer this question.

Table 15 -Platonic Solids

Name of Polyhedron Number of Faces Number of Edges Number of Vertices
Tetrahedron/Cube 4 6 4
Cube/Hexahedron 6 12 8
Octahedron 8 12 6
Dodecahedron 12 30 12
Icosahedron 20 30 20

Students’ answers may vary: some of them couldible eertex must be in contact with at least thidess the
sum of the angles at each vertex must be less3t@rmegrees; the angles at all vertices must balegund the
common face can only be a triangles, square, otgmem, as faces with six or more sides have arthkisare
too great to be valid.

5.2. Part Three — Stage Il: Plane and Solid Geometrin the Living World
1. Conduct a library and internet research to ideritify examples of plane figures and 3-dimensiogsaliq)
shapes in:
« Plants
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¢ Animals
e Microorganisms
« Human-made objects
« Natural made objects
e Buildings and bridges
» Parks and Gardens
e Salt, Sugar and Minerals
* Snowflake
e Grain of sand
e Hive
2. Write one paragraph to describe each identifien &®d support your description with an illustratanm
drawing.
3. As aresult of successfully completing this acyivithat have you learned about plane and solid
geometry in the living world?

5. Part Four: Assessment and Reinforcement of StudertdJnderstanding of the Intended Learning
Concepts
Part four is divided into two stages of relatedhéag activities.

6.1. Part Four — Stage I: It's Time For Geometry, At & Fun

A. We Have a Job for you! Geometry, Jobs, and Professil Careers:

Procedures:

1. Read or provide the following statement to youdstis:

If you are an expert in geometry and design, welao&ing for an experienced Garden Designer,

Jewelry Designer, and Shopping-mall Designers tp be design public gardens and parks, jewelry,

and public shopping malls. The main criteria irsigring these three types of places are to use
geometry and plane figures in the design as wel@sssociated areas.

We are looking for those with expertise in usingometrical plane figures and shapes to design
intricately crafted artisan jewelry, to design Highnviting and entertaining shopping malls thapagl

to all types of people of all ages, and extraongirgarden designs that can enhance the city’s urban
landscapes and neighborhoods.

1. Ask each student which role he or she would likagsume and play in this activity. Then put thelents
into groups of 3-4 students with similar interewstavork together on their selected profession. Renthe
students that they are jewelry designers, parkgarden designers, or shopping mall designers, laey t
must utilize geometrical figures, shapes, and ptaggsein their designs.

2. Remind each group to submit their two copies ofrtfieal design as well as a written descriptiontioé
design and rationale and justification behind tlseiection.

3. When all the groups are ready, ask the groupsesept their designs in the classroom.

4. Provide the opportunity for the members of the pi®ups to ask questions at the end of each gsoup’
presentation.

5. At the end, ask all the students to assign a gieads based on 1-to-10, with 10 for the best desigach
student must also explain the grade he or she givagiven design.

B. Let Us Make Jewelry for Those Who We Love, Respactl Admire
Jewelry is personal, durable ornamentation, suateaklaces, rings, brooches, earrings, and bracdlaey are
typically made from or contain small decorativenigesuch as jewels and precious metals, which a&efglly
designed with a goal and purpose in mind. In tkeisss, it is the design of the jewelry that firdteatts and
captures the attention of customers more than whawelry is made of. In this learning activityl,the students
assume the role of jewelry designers who are askeatksign jewelry based on geometrical shapes amadsf
with a highly creative visual appeal for those viike to wear jewelry.
In this learning activity students are working widually, thus ask each individual student to:
1. Select 1-3 different plane figures to work with.
2. Using the 1-3 selected plane figures, design ®ufit pieces of jewelry.
3. Name each design, describe its designed strudatistic appeal, and provide a rationale for whw yo
created these particular designs.
4. Write two paragraphs to summarize your answersugstion 1-3 in a letter to a friend that you think
might be interested in your designs.
5. Write one paragraph explaining what you have lehfrem actively engaging in this learning activity.
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C. Artistic Mathematics of Perspective
Historically speaking, “humans have been having &md games with mathematics for thousands of years.
Along the way, they've discovered the amazing umwifythis field — in [arts], science, engineerin@ahce,
games of chance, and many other aspects of lifd [@mg]” Albrecht Durer, the great German artisas
widely cited by saying that “Geometry is the rightindation of painting.” As Alder (1960) explained
To make a painting look real, the painter think$isf canvas as a “window” through which he is lowgi
at a scene that is beyond it. He reasons in thaig: \Each point of the scene sends a ray of liglthéoeye
of the person looking at it. These rays of lighspthrough the “window” between the eye and themsc
The place where a ray crosses the window is theeplehere the point it comes from will appear in the
picture. The collection of rays going from therse¢o the eye is called a projection. The pictiorened
where the window crosses the projection is callegtetion. To figure out what the section will Idike
is a problem of perspective. The rules of perspeavere worked out with the help of geometry.[Two
rules of perspectives applied]. ... The further awagnething is, the smaller it looks. Parallel lirtbat
go off into the distance, like straight railroacatiks, look as though they come to a point. Mathiemat
helped art through the science of perspective. tBem art repaid its debt. This is because thestof
perspective led to the development of a new brarfighathematics called projective geomet#lder,
1960, p. 80)
1. Share the technique described above by Alder Wwilstudents.
2. Provide the students with copies of 3-4 differémbtos of plants, flowers, birds, dogs, and or r&rse
3. Ask each student individually to select one phatd ® try to follow the technique described aboye b
Alder to make a painting of their selected photo.
4. Ask each student to write 2 paragraphs descriptingt they did and what they learned.

D. Paying Loyalty and Respect to the Prince of Matheios:
Carl Friedrich Gauss (1777-1855) has been deschietiany scholars as the prince of mathematicsk ths
students to individually:
1. Conduct library research on Carl Friedrich Gausg7{t1855). Then prepare a presentation to
introduce him to a group of visitors from outside solar system.
2. In your presentation, talk about the significanbttibution Gauss made in mathematics to humanity,
and to understanding the world around us.
3. Conclude your presentation with a justification s why he has been called “the prince of
mathematics.”
4. Finally end your talk with your own perspective what you think of Carl Friedrich Gauss and why all
school children should learn about his life andtgbation to our understanding of the world arowrsd

E. Being a Well Known Artist:
Tell your students that each one of them is a neized artist and people are coming from all overwhorld to
look at his or her artwork. Then ask them to use af their combinations of plane figures and alirdensional
figures to answer the following questions:
1. What type of geometrical shape and or form (plagarés and or 3-Dimensional figures) will you
select to create an art project? Explain
2. What type of art will you choose to make? Explain
3. What have you learned from actively engaging is thithentic learning experience?
4. What informative advice would you give to someortgwvants to start using geometrical shapes and
forms for making art projects?

F. Fun and Challenge: How Many Coins Can You Fit in Rlane Figure?

Given that the surface areas of different typeglaie figures are equal (the same), use Table pEettict
which type of plane figure you think will hold timéghest number of coins (pennies) that are placsidé?
(Adapted from Cherif, Gialamas, and Adams 2003)

Identify how the surface area of each selected ¢fgmane figure is measured and calculated.
Identify how the surface area of a circle is meegdwand calculated.

Identify how the surface area of a coin (a penaypeasured and calculated.

Write down your predications. Explain why you thiydur predication is more reasonable.
Explain how you are going to test your predictibméind out which type of plane figure holds the
highest number of pennies in comparison to therdifees of plane figures that have the same surface
areas.

okrwdPE
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Conduct the experiment and record your findingEable 16.

Do your predictions agree or disagree with youunalctindings? Explain.

What type of conclusion or inference can you makenfyour findings?

What have you learned from engaging in this leayeixercise?

Do you think your predictions and your actual fimgliwill still be the same if you work with 3-D

shaped object instead of 2-D figures? Explain.

11. How do you calculate the volume of a given 3-Ddolbject? How do you calculate the volume of a
Penny?

12. If you work with 3-D shaped object instead of 2iGufe, why do you think it is important to know the

volume of the solid shape as well as the volumid@fPenny to successfully complete the same

activity?

Com~o

Table 16 -Student’s Predictions and Actual Findings

Plane Figure Prediction Actual Findings

Triangle

Square

Pentagon

Hexagon

Heptagon

Octagon

Nonagon

Decagon

Trapezoid

PO |IN|O|O~WIN|F-

0 Kite

11 Rectangle

12 Circle

G. Relationships Between Surface Area and Volume iwibhig Organisms
Living forms are made up of one or more cells arzklhis the smallest unit of structure and functia all-
living forms, including humans. Most cells are migcopic with roughly the same size regardless ®fsthe of
the living organism. For example, the average sielt in the human body is just one-fifth the thieks of a
piece of paper. But why are living cells so smaliti what does this have to do with geometry armhggrical
shapes? The answer is that, the life of a liviaydepends on the exchange of materials acrossiiface. To
overcome the import-export challenges cross thfasey living cells must maintain a favorable suefaolume
ratio based on the physical relationship betweefase area and volume. In short, the greater tHevolime,
the more surface area it requires. As Postlewaittopson (2003) explained:
A cell's active cytoplasm needs to take in matsrialfuel activities and build cell parts, and éads to
get rid of the waste it produces as by-products -géneral, the more cytoplasm, the more materials
and waste. A cell imports materials and exportssteaacross its surface envelope or plasma
membrane, a boundary, gated cell wall, and raincalain one. The greater the surface area of this
plasma membrane, the more rapidly the cell exchasgbstances with its environment. When a cell
increases in size, its volume increases more rgghthn its surface area, and its import-export reed
outstrip its ability to exchange these items witk surroundings. If a cell got much larger than a
certain typical size (for a bacterium, under 10 raioeters; for an animal cell, 5 to 30 micrometefis;
a plant cell, 35 to 80 micrometers), it couldn’t ehéts material and waste needs quickly enough to
survive. (Note that the abbreviation um is freqlyensed for a micrometer, one millionth of a méter.
This is why an elephant’s liver is hundreds of sngger than a mouse’s liver, but its cells are th
same size. There are just millions more of themor & analogy to the surface-area-to-volume
problem, think of a pile of wet laundry. If lafta heap, this soggy pile takes a long time tobdnyause
its exposed surface area is small compared witlratame. But if you hang the items on a line tq dry
the surface area is large, while the volume is amgied, and the laundry can dry much faster.
(Postlewait and Hopson, 2003, p. 39).
This explains why a large organism can survive eahee it has more cells than a small organismtheutells
are roughly the same size (Postlewait and Hopga®3,2Hardin and Bertoni, 2016).
Given that all the surface-volume ratios of vari@udimensional solid shapes are equal, which shapeform,
if they are living cells, is the most efficient fonaterial exchange? Biologists have already areivéiese
questions by showing that the primary means ofisgleells’ surface-volume problem is though altgricell
shape and content.
A long, thin cell, such as a nerve cell that reacfrem a giraffe’s spine down to its hoof, can hthee
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same volume as a round or cube-shaped cell, bueatly expanded surface area. An egg yolk survives
even though it is large and roundish because thev@cytoplasm is flattened into a thin sheet just
below the outer membrane, while the metabolicallggish yolk inside consists mainly of storage

lipids and protein. Oranges and grapefruits soflie problem in a similar way: each miniature sack

inside a citrus fruit section is an elongated, sidnshaped single cell with a very thin layer of

cytoplasm surrounding a droplet of sugary juiffeostlewait and Hopson, 2003, p. 39).

Thus, living cells strive for two essential thingggving the right size and the preferred shapsdiovival and to
function economically. Living cells achieve thig maintaining favorable surface-volume ratios basedhe
physical relationship between surface area andhwelu

6.2. Part Four — Stage II: General Questions for tB Reinforcement of Students' Understanding of the
Intended Learning Concepts
1. Which of the following figures is your favorite anghich one is the least favorite? Explain. (Regular
polygon, triangle, rhombus, kite, quadrilaterakgbi@logram, hexagon, rectangle, square, trapezoid)
2. Which is the best plane figure for placing corngrelbrner to create a perfect circle? Explain, drehtuse
the selected plane figure to draw and create &gtecfrcle.
3. You have 6 individual cubes. The side of the finse is 10 cm; the second is 4 ft, the third is addy, the
fourth is 20 mm; the fifth is 24 in, and the sixti2 m. Calculate the volume of each of them.
4. The moon is approximately 240,000 miles away frbmeaarth. Scientists (astronomers) found out #us f
long time ago before the first human landed omtloen.
a. When did humans land on the moon for the first #me
b. How did the first human land on the moon?
c. How do you think scientists and mathematicians vadre to calculate the distance between the
moon and the earth without actually going there?
5. Study Table 17 below and then use column 4 to alckmatch names with a description.

Table 17- Study, Pick, and Match

Name Description of the Plane and or Solid shapes atch a Number
to a Letter
1 | Cone al A cone has a circular base connected taexve
2 | Cube d| A cube is a prism with squares for sidesfaceks.
3 | Circle c| Setof all points in a plane that areghme distance from another
point.
4 | Cylinder b| A cylinder has two equal circular bates are parallel.
5| Prism e| ltis a figure made of two parallel fadest tare polygons of the
same shape and sides that are parallelograms.
6 | Pyramid f| A figure with a base that is a polygou étiangular sides.
7 | Sphere g A figure with a curved surface in whidtpaints on the surface
are equal distance from the center.
8 | Triangular h | A prism with triangular faces.
prism

7. Final Remark:
As soon as humans discovered a need to identifydesadiminate in order to facilitate their life atiding, they
invented a way to count which in turn developea iatithmetic. Since humans were also living in ptals
space, they needed to know how to measure thetesmad in turn invented geometry. However, humagie w
not stationary and moved around for various reaswisch lead them to discover the need for knowing
distances and direction. This led to the inventibririgonometry, which relates distance to direatido save
time of repeated counting and calculation, humanverited algebra. To think accurately about motiod a
change humans invented calculus. As you can seegfotie unique things about humans is the ahitthink,
relate things to each other, and generate infesgnuew ideas, and new inventions. Consequently nexer
people start a new kind of work, the work generaiew challenges, which motivate them to searchafat
invent new branches of mathematics as the solufibus we can conclude as Alder (1960) stated:
Mathematics grew up with civilization and the nefed people to meet challenges and
understand the world in which they live. In doiry and through thousands of years, people
have discovered along the way the unity and use$slrof mathematics to arts, science,
engineering, finance, computers, games of chanug,n@aany known and unknown aspects of

129



Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) “—.i.l
Vol.8, No.13, 2017 ||S E

life and living. Geometry and Geometrical shaped #orms have been part of these amazing
cognitive processes.

Learning by doing, practice and experience hasgoperceived to be the best type of lasting learning
Regardless of what learning style a given persoturally prefers, there is a wide understanding agnon
educators that most adults, adolescents, and ehildarn best by experiencing a blend of activitied promote
three learning domains: cognitive, affective, aptidvioral. The Development Awareness Approach athimg
and Learning provides this in an instructional folah. It is a guided discovery strategy for leamithat is
rooted in constructivism which holds the perspectivat individuals actively generate their own esentations
of the world, which in turn influences their behav{Young and Marks-Marai998; Kelly, 1955).

Kolb (1984), has argued that “Learning is the psscehereby knowledge is created through the
transformation of experience.” (p. 38) Effectivarieing is seen when a person progresses througila aof
four stages: (1) having a concrete experiencei@tbby (2) observation of and reflection on thgperience
which leads to (3) the formation of abstract consdpnalysis) and generalizations (conclusionsktviare then
(4) used to test hypothesis in future situatioasylting in new experienceSAHIN, 2016).

In learning by doing, practicing, and experiencerirty the learning procesmdividuals cognitively
search for and build information based on old kmalgke and experiences and in turn actively genérateown
representations of the world, which ultimately irgfhces their behavior and how they interact with \trorld
around them (Young and Marks-Maran 1998). In daiogthe people link new and old knowledge and ttiney
make meaning of their world through these consstu€he underlying assumption is that people dojust
respond to the world around them, they act up@@titell 1986).

This learning approach supports a link betweenrthead practice and between reflection and action
(Staniforth, and Cherif1986; Cherif, 1988; 1993; Horton et al. 1990), that marries “knowing whatittw
“knowing how” for an individualized construct of &wing. By restructuring of the knowledge a learakeeady
has using drawing, writing, and demonstrating, théy not only learn new approaches of viewing therld
around them, but will also discover and create msight and perspectives.
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Appendix 1:
Pictorial Examples of Geometrical Shape and Desiginom Nature and Human-made World

https://www.pinterest.com/emmatuzz/sacred—qeorriennature/.
https://www.pinterest.com/emmatuzz/sacred-geometnature/
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* http://www.wilkinsoneyre.com/thoughts/essays/movetrend-geometry
« http://www.designhome.ae/the-growth-of-the-greeilding-movement-in-the-middle-east/
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