Exemplars

Dog House

Given a piece of plywood 150 cm x 300 cm, design a doghouse
that can be made from the piece. Make your doghouse as large
as possible. Show what your finished product looks like and
give good enough information so that someone else could use
your plans to build a house for their dog.
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Exemplars

Grade Levels 6 - 8
Dog House

Given a piece of plywood 150 cm x 300 cm, design a doghouse that can be made from the
piece. Make your doghouse as large as possible. Show what your finished product looks like
and give good enough information so that someone else could use your plans to build a house
for their dog.

Context

This task is taken from the NCTM Curriculum and Evaluation Standards. It can be found under
Standard 13: Measurement on page 118.

The class is a multi-age sixth-seventh group of 56 heterogeneous students, working in
cooperative groups.

We had been doing a lot of measurement activities and | was looking for a task that would
extend their thinking to a new application where they would have to resort to models since the
actual dimensions were so large. Asking for the largest house possible, necessitates trying a
variety of models and calculating the volume of each. This encourages the use of a table or
chart for organization. It also calls on students to consider the practicality of some of their
designs.

What This Task Accomplishes

This task allowed much mathematical communication as | had the students working in groups
of three or four. They used grid paper to represent the sheet of plywood and many converted
from centimeters to decimeters in order to have a one-to-one correspondence. Many of the
models were odd shaped and required some research into calculating volume especially by the
sixth graders.

What the Student Will Do

The groups brainstormed ways to cut the wood and piece it together to make the largest looking
structures. Many used grid paper and cut out rectangles 15 x 30 squares and experimented
with various possibilities. Many then taped the pieces together to make models. By comparing
the volume of each model, they determined the largest house. Some groups then made some
judgments that the largest possible shelter would not be appropriate for protecting a dog for one
reason or another. As most students own dogs, there was considerable expertise! It became
apparent to most groups that they needed a chart of some sort to organize their data once they
were done.

Time Required for Task
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This task took the better part of a week of 40-minute classes to complete. Some groups worked
outside of class time to complete the task on time.

Interdisciplinary Links

Students had done mechanical drawings and blueprint designs in Technology Education a few
weeks beforehand and recalled that training in their work on this task. It could be adapted to
create something other than a doghouse based on an interdisciplinary unit of study you might
be doing at the time.

Teaching Tips

Have a lot of grid paper, scrap oak tag (old manila folders) and tape on hand.
Having the students work in groups enables them to come up with a wider selection of designs
and provides many hands for making the models in less time.

Students would have been content to work on this task for weeks if time allowed. They kept
coming up with new ideas for further designs to push for the largest possible design. It became
quite a contest as groups posted their current record volume numbers on the flip chart.

There was much discussion about what constitutes a humane dog shelter. Many individuals
thought that digging an enormous hole and covering it with the entire piece of wood was the
best idea. Their peers disallowed this option.

Suggested Materials

« Calculators

* Rulers

* Grid paper

» Oak tag (old manila folders)
* Scotch tape

Possible Solutions

Using a 10 cm strip to cut four 5 cm x 75 cm legs to support the rest of the sheet (like a table)
will give a volume of 3,262,500 cm?. This is about the largest reasonable design found by this

group.

Cutting the sheet in half to form two 150 cm x 150 cm halves and leaning them together (tent
style) will give a volume of 1,687,555 cms.

Benchmark Descriptors
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Novice

This group tried only one design. They drew a diagram of the completed house, but did not
label the pieces on the sketch of the full sheet of plywood. Their diagrams lack any meaningful
labels - there are no units and only sketchy numbers. There is no evidence of calculating the
volume of this design. There is no discussion as to how they selected this to be the largest
possible house. When prompted, their second attempt accomplished little.

Apprentice

This group did a comparison between two designs, but stopped there. The two designs were
similar (both were tent-like and had only one cut of the wood). The calculations are accurate.
They speak of "area" when they mean volume in paragraph three. They do offer diagrams of
their models, but omit any measurements. Their offering of a graph does little to enhance one's
understanding of their work. They attempt no observations, connections or generalizations.

Practitioner

This group constructed three models from sketches they had drawn. While they do not
document it well, they had done some rough calculations to discover that none of the traditional
designs would approach their numbers for volume and they were going for largest possible
volume regardless of doggie comfort! Their consciences did catch up with them as time went
on, as witnessed by their decision to only build number one. Their calculations are correct and
their reasoning was good. They have a good variety of math language used accurately
throughout. This is a group that really benefited from working together, as they would challenge
each other to try for even greater volume. They were completely involved for days.
Unfortunately, their 3-D models did not copy well. They were made from oak tag and colored
beautifully.

Expert

This group designed four houses of various shapes and sizes all based on criteria established
at the outset regarding dog comfort. Doghouse B and C show their understanding of difference
of volume based on subtle measurement changes. More mature students might have made an
observation based on these models and their choice of design D. As they approach cubic
design, the volume continues to increase. This concept is demonstrated nicely in their
organizational chart. They move with ease through the metric conversions to suit their needs.
They use a variety of good math language including symbols throughout the solution. They
attempt a connection to their "real world", but it falls short of being mathematical. Their strength
is in their explanation of how and why they do as they do and the practicality of their decisions
throughout the task.
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Novice
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Apprentice
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Apprentice

{

| [Diagram lacks labels]
© !

|

Dog House

Copyright ©, 2003. Exemplars. All rights reserved. 8 of 16



Exemplars

Apprentice
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Practitioner
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Practitioner

The diagrams are precise
and well labeled.
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Expert

Tn s problem we. were. osked 10 @ culate.

Whow \arae. Y larces doghouse we cauld

design with yust AT \Dwx Im rectongle of

Pywoed This is how we wert oot jnuest -

iqading Hry. soluti on We ook, o piece. ofF qrapn

pope v; ond bcao.n Cuthg,  oud™ Wc\gure of

or woad. We decided ae Sooue ke gaph .
decnzten

paper  Was wilont o e “puan

o Then ﬁ cut W paper info i

Snes f& He oide paneds,Top pad and ack.
end pouel g Ho Shuctun_.

_ we budt many c\;,bzbuudr mockels a

d Loayy ouse. .

We  pdded to wae all oun.
woeod  gp that e dg howe udd e
as 4 s  possible.

We decided that P &)8\1&}& Sould
hooe o @of 2 gdes and ene” ond e also
warded @ smalt Rap = @in Ond O
wowldnt 80w te cpen Font.

The Ll pabudkion Pt wr doume_ up
Wt LoCW:
I C 19 dm.
Wi 'Hanm
Yuight: 8dm
Lretfp. zdmx &dm.
Vo \ume 20,000 tmnd

Dogheuse D
- wWe  wanted o ida d03 Ypuwde.

we made. a ek voof 1o W
Shorfer \dH wid.ﬂ‘n.'ﬁjiws way i+ Dgnﬁﬁﬁ Uoe Widg_

Gomugh o0 e dogto Yu craund im.

The student explains the
approach and reasoning.

Precise math language is
used to communicate.
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Expert

This m-ﬁrmai'wn waud e v Uﬂb"‘"L
o el doay ‘nouss. GQF ud awe Cbﬁo)
We u:tm.ld Koo had much We il wetd
ool Yhe dimndos shuld Ve
% Pddarn wdd b more
i W hed o kb a certalnl STovina. fo.n9R
of Sies -

[The student evaluatesj ' \/Olu_ me. -
the solution. .
218 |Q1cm>

154 m B

None of Y studurs  achieved.
owr Oﬁﬁr&a&dﬁlg buil dma Hy d03 \f\oum
Yinad 40l Uhon ad Ass Volune Hnadn opy-

#1 W good
W#Dm h‘%&) 7 &Qd Wore Vol ume \we. Loob\'!ed

d05 oude A vool Zofdur éQ/C% ON o
S Why we rw&zﬁm T S

ootion. J OUk
OUFLDV' 50%&)!& ad  Uoby \/olt,bt/mz\l~]J\4;1\L£,L

Dog House
Copyright ©, 2003. Exemplars. All rights reserved. 130716



Exemplars
Expert

e o 3 op e oher W%q&mw

Doghous® VS Vol e : 810, 000 ¢m3

Adm

Dog House

Copyright ©, 2003. Exemplars. All rights reserved. 14 of 16



Exemplars

Expert
T ane the
PUaS e waedl
Y D om
To P
ERE
P ack c%
A=
| Y é §
e =
Side g
8
™M
S d 9

Copyright ©, 2003. Exemplars. All rights reserved. 15 of 16



Exemplars

Doghocse Chast |
Doanause. 4 engh width ml@h + vollune.
A | 150 | 150 | /50 313131
fUﬂ oum 95 a1
| D |150|6R|90 189
2 10,00
C g2 |7 |B0FL
* e O\E)O;BOO
&oﬁi’hﬁﬁp D& \(?{\Oﬂ %um %WQ CM> 4
%(mu\gbi—’or_\/f&

Work is well labeled
and clear.

The student displays results
in a organized format.




