In the Curriculum

Mathematics

odel building and scaling

activities that emulate the

activities thar rake place in
the workforce present teachers with
multiple instructional opportuni-

tics to address key components of

the National Council of Teach-
ers of Mathematics (NCTM)
2000 standards. For instance,
spreadsheet/graphing skills
are recommended as early as
Grades 3-5 under the Dara
Analysis and Probability Stan
dard. A strong focus on ratios

and proportions is recom-

mended as t'urhf as Grades

6—8 under the Number and

Operatons Standard. And,
making connections such that
mathematics 1s applied in con-
texts outside of mathemarics is

recommended for Grades PK—12

under the Connections Standard.

Hence, nmk]ng the connecrions be

rween difTrl"H‘lg math concepts (e.g.,

geometric :’i]‘u‘l}'n:ﬁ, ratios and propor-

tions, and algebraic manipularions)

is an inherent part of both acriviries
that use model building as a focus

and those that adhere to the
NC1'M standards.
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stability of the model prior 1o
the actual l:vuihhng.: ol a p|:111u
Architects use models to 1m-

> < N |:1rgf:r than the actual object, requires
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volve the understanding of geometric

Supplement: http://www.iste.org/LL/

figures and shapes (e.g., a model of
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the Washington monument would re-
quire the builder to learn the formula
and, morc importantly, understand
the properties of an obelisk). Further-
more, if multiple related models are
being created (e.g., building furniture
and people for a doll house or build-
ing a miniature city for a train sta-
tion), then algebraic manipulations
and problem solving are required.

Seeing the Value

of a Spreadsheet

Because the size of a model can be
dependent on the amount of materi-
als available or the size of the space in
which the model is being built (e.g.,
room, garage, or backyard) and can
require extensive proportional calcula-
tions, a builder would be wise to use
tools to accurately and quickly make
various calculations. A computer
spreadsheet offers tools with which a
model builder can determine appro-
priate dimensions based on the ma-
terials and the size of a room or yard
at hand. Furthermore, the computer
spreadsheet enables the builder to
quickly change dimensions if a series
of models are being built as a unit.
For example, by entering the dimen-
sions of and the distances between
every planet and the sun in the solar
system, a student can use a computer
spreadsheet to quickly change models
of a solar system while remaining true
to scale.

Using technologies that enable
students to make multple redundant
calculations of data and to compute
large quantities of data with relative
case is supported by the NCTM
2000 standards.

Mathematics

Furthermore, the computer spreadsheet enables the
builder to quickly change dimensions if a series of
models are being built as a unit.

Getting Started Using
Road Sign Models
A good beginning for students is to
build models based on spreadsheer
calculations involving road and adver-
tising sign measurements. Signs offer
opportunities that involve measuring,
geometric understanding, proportion-
al reasoning, and algebraic manipu-
lations. In addirtion, these uniquely
shaped signs can be easily found in a
community. [ have approached this
assignment using various strategies.
Problem-based approaches where stu-
dents create large road signs that fica
classroom wall or miniature signs that
fit proportionally with model cars are
two examples I've used where spread-
sheets can come into use. Students
should have skills in measuring length
prior to beginning these activities
and possibly the use of spreadsheets,
but these acrivities could be used as a
means to learn about spreadsheerts.
Begin the lesson with a discussion
of models. Display model planes,
cars, dollhouses, trains, dolls, and
so on. It is particularly effecrive ro
display large and small versions of
the same kind (e.g., various dolls) to
discuss accuracy and proportional
measurements. Tell students you
want them to locate a yield sign and
measure its post height, sign heighr,
bottom edge of sign width, and post
width. Allow them to make any other
measurements they deem appropri-
ate as well (such as letter sizes). Set a

A computer spreadsheet offers tools with which a model
builder can determine appropriate dimensions based on
the materials and the size of a room or yard at hand.
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standard unit (e.g., centimerers) so
that dara is measured in that unit. All
other dara received through different
sources should be converted to your
standard.

Have students working in pairs
measure the dimensions of various
other road signs or advertising signs
as homework assignments. Encourage
them to use various resources such as
the Internet to find the formulas for
an equilateral triangle (yield sign), a
rectangle (miles per hour sign), and
for the advanced students, a regular
octagon (stop sign). Then have them
develop a table that lists class aver-
age measurements for their different
signs. Discuss setting a standard from
those measurements and have them
begin developing ratios that can be
used to scale down or scale up their
sign for model building,.

Explain that understanding rarios
and proportions is the foundation by
which model building occurs. Simply
stated, if one dimension on an object
is changed (for example, the length of
one edge of a yield sign), then other
dimensions will change accordingly
if the model is to look like a reduced
or enlarged version of the original.
Explain that model building allows
one to scale an object up or down in
size. The example in Table 1 displays
data averaged for a class of students
with ratios that can be used for modi-
fying the dimensions of a yield sign.
In the case of the yicld sign, students
developed various ratios. Prior to de-
veloping a spreadsheet, have students
work in small groups to develop ratios
based on class averages for a standard
yield sign. If necessary, you may
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want to show them one ratio to get
them started. One ratio they should
develop involves the relationship be-
tween the original heights of the sign
(Hso) and the post (Hpo). Another
involves the relationship between the
original height of the sign (Hso) and
the original length of the bottom edge
(Lbo). Similarly, the original widtch

of the post (Wpo) that holds the

sign is related to the original height
of the post (Hpo). With all these
dimensions identified through actual
measurements, have students create

a spreadsheet program to change di-
mensions based on changing the post
height. Let them know that the more
ratios they develop, the more accurate
their model will be when constructed.
Remind students that the ratios de-
signed for the yield sign need to be
connected such that by changing one
variable (e.g., post height), all other
variables change proportionally based
on the ratios they have developed.

Using a Spreadsheet

to Model a Yield Sign

The data inTable 2 was calculated

in Microsoft Excel, bur many other
spreadsheet programs are available.
Although formarting may differ, the
formulas to derive answers will be the
same for individual cells. Using the
ratios in lable 1 as a source, students
worked in groups to find the dimen-
sions of the yield sign if a model had
a new post height (Hpn) of 25 cm.
T'hus the formulas to determine

various dimensions were:

New post width

Hpo/Wpo = Hpn/Wpn
25.3 = 25 cm/Wpn

Wpn = .99 cm or 9.9 mm

New sign height

Hpo/Hs0 = Hpn/Hsn
3.2 = 25cm/Hsn
Hsn = 7.81 cm or 78.1 mm

New sign base length
Hso/Lbo = Hsn/Lbn

.89 = 7.81 cm/Lbn
Lbn = 8.78 cm or 87.8 mm

Using technologies that enable students to make

mulltiple redundant calculations of data and to compute
large quantities of data with relative ease is supported by
the NCTM 2000 standards.

After saving the formulas into a
spreadsheet, a student can quickly
determine the proportional sizes if
the post height 1s changed.

The beauty of using a spreadsheet
and developing modecls is that detail,

ACCUTacy, H.I'I\Li th’ !'-.'I,'!L'L'tl dl "r'nr']]j-L'h

different models are completed can
be continuously maintained once
the spreadsheet is built. Some of
my students sought more detail
and accuracy than was shown in
the earlier example. Specifically,
they included letter sizes in the
word “yield” and holes in the post
in some of the spreadsheer calcula-

ttons and ‘:-'L'.'.i”ttg Processes.

Encouraging Problem Solving

To reinforce learning, students may
develop additional spreadsheets
based on other signs they measured.
Tell the class you would like them

to determine various ratios that can
be used to build models around a
toy car or doll. Thus, you would like
for them to determine appropriately
scaled dimensions for a chair, a yield
sign, and one other item of their
choice that would be proportional to
their toy and to one another. As

Table 1. Actual Yield Sign Measurements and Scaling Ratios (Numbers Based on Class Averages)

Actual Post Width | Actual Post Height | Actual Length of Actual Height Ratio Hpo/Hso Ratio Hso/Lbo Ratio Hpo/Wpo
(Wpo) (Hpo) Bottorn Edge of of Sign (Hso)
Sign (Lbo)
/.9 cm 199 cm 70 cm 62 cm 3.2 89 i il
) = post 5 = SIP o = original b=base W =width H = heigh L = length

Table 2. Yield Sign Dimensions Based on 25- and 50-cm Post Heights Using Numerical Data Calculated in a Spreadsheet

Model Post Height (Hpn) Model Post Width (Wpn) Model Sign Height (Hsn) Model Sign Base Length (Lbn)
2500 cm 0.99 cm 781 cm 8.78 cm

250.00 mm 988 mm 78.13 mm 87.78 mm

Model Post Height (Hpn) Model Post Width (Wpn) Model Sign Height (Hsn) Model Sign Base Length (Lbn)
50.00 cm .98 cm 15.63 cm | 7.56 cm

500.00 mm 19.76 mm |56.75 mm 175.56 mm

Learning & Leading with Technology

Volume 37

Number 3



Another approach for gaining an understanding of ratios
and Lo encourage problem solving is to set parameters
where students are required to fit their models into a

box or onto a plane surface.

a closure, have them create other
proportional signs using paper,
T"I"l'“dl'“l'lg {.:1::]:5’, ﬂﬂd 50 ONn.

Another approach for gaining
an understanding of ratios and to
encourage problem solving 1s to set
parameters where students are re-
quired to fit their models into a box
or onto a plane surface. For example,
you could ask them to d{;‘vtlup model
dimensions if they were ro reduce
their classroom to Hobbirt size by
making it have only five-foot ceilings.
Remind them that they need to be
consistent with units (¢.g., centime-
ters) and may need ro make conver-
sions. On completion, have them
create spreadsheets that would allow
them to change the ceiling height
and other dimensions rapidly.
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Extending the Activity

Although the development of scal-
ing ratios is an important part of the
modcl-building process, allow rime
for students to construct different
spreadsheet-determined models. A
cood starting point is for students
working in groups to construct a
chair or a road sign using materials
of their choice. The accuracy lor de-
rail as well as the number of models
that can be developed is never end-
Ing once students have mastered the
concept ol ratios and spreadsheer use.
Then, students can build scale models
of famous structures (e.g., Ta) Ma-
hal, Buckingham Palace, the Whire
House, Washington Monument,
and Stonehenge). See rthe supple
ment at heep://www.iste.org/LL/ for
uschul Web sites and connections to

iE‘j",‘l l",'lL" Cl
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other subject arcas as well as more
information on projects such as scal-
ing famous buildings and extending
these lessons into cross-curricular
projects that can include math, tech-
nology, geography, and social studies.
An assignment and grading rubric

is provided in the Web supplement
describing requirements for an oral
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