10

11

12

13

14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29

30

01:00:47:09
01:00:48:22
01:00:51:25
01:00:54:22
01:00:56:23
01:00:58:15

01:01:00:28
01:01:03:10

01:01:07:08
01:01:09:19

01:01:13:05

01:01:24:16

01:01:28:02

01:01:29:26

01:01:33:04

01:01:36:21

01:01:40:12
01:01:43:03
01:01:46:04
01:01:50:08
01:01:53:29
01:01:56:08
01:01:57:26
01:01:59:06
01:02:01:16
01:02:05:19
01:02:08:12
01:02:11:29
01:02:14:20

01:02:17:07

01:00:48:20 WOMAN:
Measurement is the process

01:00:51:23 of quantifying properties

of objects.

01:00:54:20 And to do that,

we have set procedures

01:00:56:21 that enable us to measure.
01:00:58:13 Oh.

01:01:00:26 Measuring helps you

to understand

01:01:03:08 how things relate to each other.
01:01:07:06 Our volume of a sphere
actually has a formula

01:01:09:17 of four-thirds pi r-cubed.
01:01:13:03 This course really made me think

about how | approach measurement

01:01:16:06 and how | can use measurement
every day in the classroom.
01:01:28:00 NARRATOR:

16 elementary and middle school

teachers have gathered together
01:01:29:24 to participate

in a mathematics course

01:01:33:02 investigating key concepts
in measurement.

01:01:36:19 Their instructor

is Professor Suzanne Chapin.

01:01:40:10 CHAPIN:

The overall goals

of the measurement course

01:01:43:01 involve looking

at fundamental ideas

01:01:46:02 that are inherent

in whenever we measure.

01:01:50:06 There are multiple concepts
that we're going to investigate.

01:01:53:27 Some of them involve things
like ratio and proportion.

01:01:56:06 There are others

that are going to look

01:01:57:24 at accuracy and precision,
01:01:59:04 and help us understand
01:02:01:14 the approximate nature

of measurement.

01:02:05:17 We're also going to delve
into areas of measurement,

01:02:08:10 whether it be volume,
surface area,

01:02:11:27 ideas of circles with area
and circumference,

01:02:14:18 and the relationships

that are inherent

01:02:17:05 in some of those

particular situations

01:02:19:24 that we hope to investigate

in detail.
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43
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45
46
47
48
49
50
51
52
53

54
55

56

57
58

59

60

61

62
63

01:02:19:26

01:02:22:02

01:02:23:18

01:02:26:08

01:02:27:22

01:02:30:07

01:02:32:09

01:02:36:01
01:02:38:06

01:02:40:27
01:02:44:24
01:02:46:21
01:02:50:24
01:02:52:05
01:02:56:03
01:02:57:04
01:02:58:04
01:03:01:01
01:03:05:23
01:03:06:26
01:03:07:29
01:03:10:06
01:03:13:19

01:03:17:01
01:03:18:08

01:03:20:21

01:03:23:16
01:03:24:25

01:03:27:14

01:03:30:19

01:03:34:08

01:03:36:29
01:03:38:02

01:02:22:00
In this session,
the class will begin

NARRATOR:

01:02:23:16 by exploring the questions,
01:02:26:06 "What can be measured?" and
"What does it mean to measure?"

01:02:27:20 CHAPIN:

Now, to do that,

01:02:30:05 we're going to be looking

at something very simple,

01:02:32:07 namely some rocks

that are at your table.

01:02:35:29 And what I'd like you to do
with the person next to you

01:02:38:04 is take a minute and make a list
01:02:40:25 of what are some

of the characteristics,

01:02:43:22 what are some of the attributes
of the rock that you have.

01:02:46:19 Um, it's, um...

01:02:48:06 It has a shape.

01:02:52:03 "Has a shape."

01:02:54:03 WOMAN:

"Has a shape."

01:02:57:02 Um... it's hard.

01:02:58:02 "It's hard."

01:02:59:03 Hard.

01:03:05:21 Doesn't seem

to be very heavy.

01:03:06:24 "Not too heavy."
01:03:07:27 "Not too heavy."
01:03:10:04 CHAPIN:

In our very first activity,

01:03:13:17 | asked the participants

to examine their rocks

01:03:16:29 and to list attributes of their
rocks, or characteristics.

01:03:18:06 And the point of this
01:03:20:19 was for all of us

to start to think about

01:03:23:14 that there are some
characteristics or attributes

01:03:24:23 that are measurable,
01:03:27:12 and there are others

that are not measurable,

01:03:30:17 and how do we differentiate
between those two things.

01:03:34:06 Uh, gray and reddish

in terms of color.

01:03:36:27 Reddish purple
at the bottom.

01:03:38:00 Uh...
01:03:39:24 WOMAN:
Roundy... rounded

and angled.
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94
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01:03:39:26

01:03:41:19

01:03:49:04
01:03:50:06

01:03:51:15
01:03:53:12
01:03:55:29
01:03:57:27
01:03:59:04
01:04:04:10
01:04:05:21
01:04:08:01
01:04:12:16
01:04:15:19
01:04:16:20
01:04:19:13
01:04:21:28

01:04:24:02
01:04:25:23

01:04:28:15

01:04:33:27

01:04:36:02

01:04:37:02

01:04:38:19

01:04:41:20

01:04:48:01
01:04:49:16

01:04:50:27

01:04:53:23

01:04:55:02

01:04:56:02

01:04:59:09

01:03:41:17

"Rounded and...

and angled," right.

01:03:49:02

scored, right?

01:03:50:04
01:03:51:13

We got, um...

The lines, cuts.
The lines in

the bottom, yeah.

01:03:53:10

About how big it is...

is it, do you think?

01:03:55:27

How... is that about

an... two inches maybe,

would you say?

01:03:57:25
01:03:59:02
01:04:00:11
01:04:05:19
01:04:07:29

Yeah, that was two inches.
In... in length.

And an inch high.

All right, let's take a look
at some of the attributes

that you came up with.

01:04:10:14

Who wants to volunteer a couple

that they've found?

01:04:15:17

Well, we decided that our rock

was irregularly shaped.

01:04:16:18
Mm-hmm.

01:04:19:11
01:04:21:26
01:04:24:00

CHAPIN:

It was dense.
All right.
And we were not sure if it

was light or if it was heavy.

01:04:25:21
01:04:28:13

or attributes?

01:04:33:25

Do we have another group
that can add some things

We looked at the texture,

and came up with

some attributes:

01:04:36:00
01:04:37:00
Okay.

01:04:38:17

might be color.

01:04:41:18

to add that one,

"color”, okay.
01:04:47:29

dull, shiny, speckled.
CHAPIN:

Which actually

Mm-hmm, so I'm going

Anybody else add something that

we haven't got up here so far

01:04:49:14
01:04:50:25
kind of cool,
01:04:53:21

of that rock?
Stone feels

so we were talking

about the different

temperatures

01:04:55:00
01:04:56:00
All right.

01:04:59:07

with hardness.

01:05:03:07

that rocks could feel.
CHAPIN:

And we came up

You know, some rocks
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120

121
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123

124
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126
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01:05:03:09
01:05:04:21

01:05:07:05

01:05:08:20

01:05:09:27

01:05:11:26

01:05:13:25

01:05:16:13

01:05:19:14

01:05:22:00

01:05:27:04

01:05:28:19

01:05:29:18
01:05:30:19

01:05:31:21
01:05:32:22
01:05:35:01
01:05:37:00

01:05:40:15
01:05:42:19

01:05:47:10

01:05:52:01
01:05:54:20

01:05:57:23
01:05:59:04

01:06:02:12

01:06:05:17

01:06:08:24

01:06:13:02
01:06:15:09

01:06:20:26
01:06:27:03
01:06:29:00

are really hard,

01:05:04:19
01:05:07:03

that more, um...

01:05:08:18

about hardness.

01:05:09:25
Okay.
01:05:11:24

types of veins

01:05:13:23
in the rock.
01:05:16:11

and this one seems to be,
but there might be some
brittle,

so we talked

CHAPIN:

And, um...

that you see

There's a lot

of different angles

01:05:19:12

because it's more

like a quartz type.

01:05:21:28

We didn't know if that

was a type of stone

01:05:24:10

or what other term

that could be used.

01:05:28:17

and its height.

01:05:29:16
Okay.

01:05:30:17
01:05:31:19
dimensions.
01:05:32:20
01:05:33:20
01:05:36:28
01:05:40:13

Its length
CHAPIN:

And then its width.
So its

Dimensions.

Yep.

How about its surface area?
Some of you got very bumpy

rocks, don't you, yep?

01:05:42:17
01:05:47:08

So that... that's another.
Well, if you look here, and

we could probably keep going,

01:05:51:29

we have many different

attributes that we can examine

01:05:54:18
01:05:57:21

and use to compare these rocks.

Now, some of these are

measurable attributes,

01:05:59:02
01:06:02:10

to investigate

01:06:05:15

and some are not,
and that's what we really want

is what makes

something measurable.

01:06:08:22

And let's take a look,

at the moment, at this one,

01:06:13:00

which I'm going to summarize as

we could figure out the weight--

01:06:15:07
01:06:20:24

how light or heavy.
And, in fact, we might even

want to call it the mass--

01:06:27:01
01:06:28:28
01:06:29:28
Yes.

how much stuff is there.
Is this a measurable attribute?
CLASS:
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01:06:30:00
01:06:31:14

01:06:35:18
01:06:38:03
01:06:42:19
01:06:44:08
01:06:46:16
01:06:49:11
01:06:54:10
01:06:56:10
01:06:57:26
01:07:02:18
01:07:05:10
01:07:07:23
01:07:09:22
01:07:11:10
01:07:12:24

01:07:14:12

01:07:17:17

01:07:19:22

01:07:21:21

01:07:24:13
01:07:26:12
01:07:29:04
01:07:30:19
01:07:35:03
01:07:36:03
01:07:38:00
01:07:40:26

01:07:44:04

01:06:31:12 How come?

01:06:35:16 Because we have standards

by which to measure those.

01:06:38:01 We have ounces to measure mass.
01:06:42:17 CHAPIN:

Yeah, so we could pick
a standard unit, all right,

01:06:44:06 that would make sense for us
01:06:46:14 to gather some information
about that,

01:06:49:09 and then we could actually
somehow collect data

01:06:54:08 on how many of those standard
units that rock, in this case,

01:06:56:08 has a mass of or weighs.
01:06:57:24 All right?

01:07:02:16 Now, which of these are going
to be a lot more difficult

01:07:05:08 to actually take a measure from?
01:07:07:21 Shape and texture

were probably difficult

to measure

01:07:09:20 because it's a personal
preference thing.

01:07:11:08 When we were looking

at our rock,

01:07:12:22 | thought it was

golf-ball sized,

01:07:14:10 and she thought

it was egg-shaped.

01:07:17:15 And some people, you know,

might have harder

or smoother fingers,

01:07:19:20 might think it's smooth
or rough in texture.

01:07:21:19 So it's a personal
preference thing
01:07:24:11
isn't a standard
for, you know,

that there really

01:07:26:10 "What does this
feel like to you?"
01:07:29:02 CHAPIN:

Exactly, and there
isn't a standard unit

01:07:30:17 for texture.

01:07:35:01 There isn't a standard unit

of shape or even for color.

01:07:36:01 All right?

01:07:37:28 Well, what we're going to do is,
01:07:40:24 we actually are going

to try to measure our rock

01:07:44:02 in terms of some of these
characteristics or attributes.

01:07:47:21 We are going to look

at its mass or weight.
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01:07:47:23

01:07:51:14

01:07:56:23

01:08:01:23

01:08:06:04

01:08:08:21
01:08:12:01

01:08:13:18
01:08:14:29
01:08:16:04
01:08:17:04
01:08:18:04
01:08:19:13
01:08:21:20
01:08:23:17
01:08:24:20
01:08:25:26
01:08:27:18
01:08:29:19
01:08:33:04
01:08:34:04
01:08:40:11
01:08:42:22
01:08:46:22
01:08:47:22
01:08:48:22
01:08:50:02
01:08:52:04
01:08:53:08
01:08:54:12
01:08:55:12
01:08:57:02

01:09:09:02
01:09:10:04

01:09:13:29

01:07:51:12 We are going to look

at its volume,

01:07:56:21 and we are going to also measure
its surface area.

01:08:01:21 Before you do each one, the
first thing I'd like you to do

01:08:06:02 is make an estimate of,
"How much does that weigh?"
01:08:08:19 "How great a volume
does it have?"

01:08:10:23 "What is its surface area?"
01:08:13:16 First, we should measure
surface area.

01:08:14:27 They gave us this
aluminum foll,

01:08:16:02 so why don't we wrap it...
01:08:17:02 All right.

01:08:18:02 Very tightly.
01:08:19:11 All right.

01:08:21:18 But we have all this...
well, if we make a mistake,

01:08:23:15 we should cut out

a couple of pieces first.

01:08:24:18 This way we

can try again,

01:08:25:24 because it doesn't

look like

01:08:27:16 it's going to take up

this whole thing.

01:08:29:17 So I'm just going

to cut out a piece of fall,

01:08:30:27 so we'll have more

for later.

01:08:34:02 Can you wrap that?
01:08:35:02 Yep.

01:08:42:20 If we have extra,

we can just cut it off.

01:08:43:20 All right.

01:08:47:20 It's overlapping.
01:08:48:20 That's okay.
01:08:50:00 All right.

01:08:52:02 We'll overlap a little bit,
and we'll cut some off,

01:08:53:06 and we'll estimate it out.
01:08:54:10 This is very hard.
01:08:55:10 (laughs)

01:08:57:00 It's not as easy

as it looks.

01:08:59:07 All right,

just a second.

01:09:10:02 Uh-huh.

01:09:12:08 That's pretty good

right there.

01:09:17:06 CHAPIN:

We actually then took some
measurements on our rocks,
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01:09:17:08
01:09:20:03
01:09:22:22
01:09:27:05
01:09:30:22
01:09:33:23

01:09:35:27

01:09:37:22
01:09:48:16
01:09:51:20
01:09:54:03
01:09:55:03
01:09:56:05
01:09:57:14

01:10:00:18

01:10:03:29
01:10:06:26
01:10:08:25
01:10:10:19
01:10:12:05
01:10:14:13
01:10:16:16
01:10:17:17
01:10:18:17
01:10:19:27

01:10:22:09

01:10:24:07

01:10:26:07

01:10:27:25

01:10:29:23

01:10:31:13
01:10:32:18

01:09:20:01

and there were a couple of

things that were going on.

01:09:22:20

and to discover

01:09:27:03

One was to look at surface area,

that we could actually come up

with an approximate surface area

01:09:30:20

for each of these rocks

by covering them with foil

01:09:33:21

on grid paper

01:09:35:25
01:09:37:20
Make it nice

and flat first.

01:09:38:29
01:09:51:18
01:09:54:01
01:09:55:01
01:09:56:03
01:09:57:12

and then laying that foil out

and counting the square units.
MAN:

Teamwork.

This is really rough.
Whoop, there we go.
That's okay.

So, what we got?
So that's

our rough shape.

01:09:58:29

darken that in.

01:10:03:27

Let's kind of

CHAPIN:

Why would we want
to use square centimeters

01:10:06:24

and centimeter paper

for this measurement?

01:10:08:23

the assignment,

01:10:10:17

Well, when we were first given

we were asked to estimate

the surface area

01:10:12:03

and that's what

we estimated it in.

01:10:14:11

So we figured we would try

the centimeter paper first

01:10:16:14

to see if we could play it off

our own estimate.

01:10:17:15
01:10:18:15
01:10:19:25
01:10:22:07

Okay.

And then maybe go

to the smaller paper later.
To get a more accurate

reading of what it is.

01:10:24:05

CHAPIN:

Now, in using
these squares,

01:10:26:05 why is it essential
to use squares

01:10:27:23 for finding

the surface area

01:10:29:21 rather than just

a linear measure

01:10:31:11 like "so many
centimeters"?

01:10:32:16 For area?
01:10:34:19 Because it's
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01:10:34:21
01:10:36:06

01:10:40:01
01:10:41:21

01:10:43:07

01:10:45:26
01:10:47:14
01:10:49:11
01:10:50:11
01:10:51:11
01:10:55:20
01:10:56:21
01:10:57:22
01:10:59:28
01:11:04:06
01:11:09:03
01:11:11:13
01:11:12:18
01:11:15:01

01:11:17:03

01:11:20:16

01:11:23:02
01:11:24:20

01:11:29:13

01:11:31:24

01:11:34:08
01:11:35:21

01:11:37:24
01:11:39:23

01:11:43:14
01:11:45:12

01:11:49:14
01:11:51:25

01:11:53:03
01:11:54:09

two-dimensional.

01:10:36:04
01:10:39:29

Absolutely.
Having this two-dimensional

shape or area of covering,

01:10:41:19
01:10:43:05
for covering.
01:10:45:24

we have to use a unit
that's appropriate

Right, if we just want

to know how long

the rock was,

01:10:47:12
like, a ruler.
01:10:49:09
01:10:50:09
01:10:51:09
01:10:52:08
01:10:56:19
01:10:57:20
01:10:59:26

it's a lot less.

01:11:01:25

on our estimate.

01:11:09:01

then we could use,

Exactly.

All right.

All right, let's try.
Here we go.

Oh.

Oh, boy.

Yeah, it's not...

We were high

It'd be close to halfway

between the 600 and 650, so...

01:11:11:11
01:11:12:16
01:11:14:29
25 milliliters.
01:11:17:01
on that one.
01:11:20:14

about six and a quarter.
So 25...

So it went up about
We were way off

CHAPIN:

We also then were interested
in finding the volume,

01:11:23:00

and... because we put

our rocks into water

01:11:24:18
01:11:29:11

and used displacement.
Now, displacement allows us to,

by the rising of the water...

01:11:31:22
of the water
01:11:34:06

or look at the quantity

that is displaced

when you put the rock in

01:11:35:19
01:11:37:22
for volume.
01:11:39:21
01:11:43:12

and then to measure that
and use that as a measure

And they were questioning,
if a rock displaced so many

milliliters of water,

01:11:45:10
01:11:49:12

how could that be volume?
The interesting fact

is that one milliliter is equal

01:11:51:23
of water.

01:11:53:01
01:11:54:07
01:11:56:11

to one cubic centimeter

Okay.
Okay, ready?
So now we had estimated...
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01:11:56:13
01:11:58:19

01:12:00:11
01:12:02:29
01:12:04:06
01:12:06:20

01:12:09:17

01:12:11:15
01:12:12:15

01:12:14:12
01:12:15:14
01:12:22:16
01:12:24:20
01:12:25:23
01:12:26:26
01:12:27:27
01:12:28:29
01:12:30:06
01:12:31:12

01:12:33:19
01:12:34:21

01:12:36:17
01:12:39:24
01:12:42:29
01:12:46:21
01:12:50:00
01:12:56:04
01:12:57:14
01:12:59:18
01:12:59:18
01:13:02:18
01:13:03:29
01:13:05:03
01:13:06:03
01:13:07:22

01:13:10:16
01:13:14:01

01:13:17:00

01:13:18:16

80 grams.
01:11:57:11
01:12:00:09

80 grams?
And 70 is

way too much, okay.

01:12:01:09
01:12:04:04
01:12:06:18
01:12:09:15

Way too much.
Okay.

That's 60.

We have to...

we have to make sure

that we account

01:12:11:13
two grams.
01:12:12:13
01:12:14:10
it was...

01:12:15:12
01:12:17:05
01:12:24:18
01:12:25:21
01:12:26:24
01:12:27:25
01:12:28:27
01:12:30:04
01:12:31:10
01:12:33:17

for the two...

Mm-hmm-- .2.
.2, that was...

heavy anyway.

So let's move it up.
All right.

And we take...

Let's just call it 61.
Okay, 61.

That's close enough.
So it's actually 61.

61 grams.

So let's double-check

against this balance.

01:12:34:19
01:12:36:15

Right.
CHAPIN:

And then finally | wanted

01:12:39:22

to introduce the participants

to different kinds of scales

01:12:42:27

to start talking

about mass versus weight,

01:12:46:19

and to actually determine

the mass of these rocks

01:12:48:09
01:12:50:28
01:12:57:12

about a gram.

01:12:59:16

using balance scales.
61.
It's off by

I think if you look

at it head on, it's right on.

01:13:00:18
01:13:00:18
01:13:03:27
01:13:05:01
01:13:06:01
01:13:07:20
01:13:10:14

Oh.

Yeah.

Right, it's right on.
Soitis 61.

Boy, were we off.
... yeah.

Well, who's got

the biggest rock?

01:13:13:29
01:13:16:28

(light laughter)
What did you find out about

the surface area of your rock?

01:13:18:14

made it hard

01:13:20:00

an estimate.

The shape of the rock

to... to figure out
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314
315
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317
318
319

320
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322

323
324

325

326

327

328

329

330

01:13:20:02
01:13:21:10

01:13:23:21

01:13:25:28

01:13:28:26

01:13:31:02

01:13:32:20

01:13:35:08

01:13:38:21

01:13:41:07

01:13:42:25
01:13:45:04

01:13:48:09
01:13:51:08
01:13:57:11
01:13:59:24
01:14:02:05
01:14:04:20
01:14:06:04
01:14:07:19

01:14:09:26
01:14:11:08

01:14:14:21

01:14:17:20
01:14:19:01

01:14:21:17

01:14:24:01

01:14:26:06

01:14:28:09

01:14:31:12

01:14:33:22

01:13:21:08 It had crevices.
01:13:23:19 This one dips in,

and each face of it...

01:13:25:26 We said there were
roughly six faces.

01:13:28:24 Well, I'm sure there...
there's more than that.

01:13:31:00 And each face is

shaped differently,

01:13:32:18 so it makes it

hard to...

01:13:35:06 to actually fully measure
that with the tinfoil.

01:13:38:19 You'd almost have to cut one for
each face and fit it on there

01:13:41:05 to get a really, really
accurate measure of it.

01:13:42:23 CHAPIN:

Okay.

01:13:45:02 What if we could, though?
01:13:48:07 What if we could really
squeeze in there

01:13:51:06 and get every little surface
covered?

01:13:57:09 Could we come up with exactly

the surface area of our rock?

01:13:59:22 We could measure something
with centimeters,

01:14:02:03 we can measure something
with millimeters,

01:14:04:18 we can measure something
with a smaller unit,

01:14:06:02 and... and there's always--
01:14:07:17 excuse me--

01:14:09:24 that danger of having

that little bit more

01:14:11:06 that we're not measuring.
01:14:14:19 It should get more and more
accurate as you go,

01:14:17:18 but there's always

that margin for error.

01:14:18:29 We sometimes call that,
01:14:21:15 the precision is getting
closer and closer

01:14:23:29 in terms of what the size

of our unit is.

01:14:26:04 So if we use very,

very small units,

01:14:28:07 we can get

a more precise measure.

01:14:31:10 And then the question

for us all to think about

01:14:33:20 as we keep going

through this course is,

01:14:36:07 can we ever get it

all the way down--
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332

333
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350

351

352

353

354
355

356

357

358

359

360

01:14:36:09

01:14:39:11

01:14:43:23

01:14:45:29

01:14:48:05
01:14:49:24

01:14:52:27

01:14:56:04

01:14:58:09

01:15:00:16
01:15:02:19

01:15:05:00

01:15:07:21

01:15:12:02

01:15:16:02
01:15:18:00

01:15:19:17

01:15:21:10

01:15:24:01

01:15:27:26

01:15:31:02

01:15:34:18

01:15:37:21

01:15:40:20
01:15:43:00

01:15:46:11

01:15:48:24

01:15:50:19

01:15:53:16

01:16:01:19

01:14:39:09

precise, precise, precise--

down to an exactness?

01:14:43:21

And that's a key issue

around measurement.

01:14:45:27

We were thinking

about the difference

01:14:48:03

between the...

the level of accuracy

01:14:49:22
01:14:52:25

and level of approximation
when we were doing volume

versus the surface area,

01:14:56:02

and with the volume,

there was just the one reading.

01:14:58:07

and we read it,

01:15:00:14

We put the rock in,

and there was

a lot of estimating

01:15:02:17
01:15:04:28

in terms of trying to figure out
where in between

those lines it was.

01:15:07:19

On the other hand,

with the surface area,

01:15:12:00

there were many more chances

for human error to take a part,

01:15:16:00

and we felt that with this,

it was just the one reading

01:15:17:28
01:15:19:15

could come in.

01:15:21:08

where human error could...
or human discretion

You bring up

some interesting points,

01:15:23:29

that there are a number of

places where error can occur.

01:15:27:24

One, it can be in the accuracy

of our instrument.

01:15:31:00

are very precise

01:15:34:16

Some of our instruments

or enable us to have

a more accurate reading.

01:15:37:19

In terms of the...

the beakers here

01:15:40:18
gradations,

01:15:42:28
01:15:46:09

close estimate.

01:15:48:22
to consider,
01:15:50:17

measurements,

01:15:53:14
making error
01:15:57:12

to that as well.

01:16:04:15

are only 50 milliliter

and that... it's hard then
to get some, you know,

But then we also have ourselves
and that is we take

we may be constantly

that is going to contribute

If we quickly review

what we've done so far,
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01:16:04:17

01:16:07:13

01:16:09:22

01:16:12:01

01:16:15:20
01:16:17:26

01:16:20:12
01:16:22:21
01:16:26:02
01:16:28:15
01:16:31:13
01:16:34:27
01:16:37:17
01:16:40:04
01:16:44:14

01:16:49:09
01:16:53:04

01:16:58:09

01:17:02:18

01:17:07:09

01:17:10:23

01:17:12:12

01:17:14:18

01:17:17:15

01:17:19:23

01:17:21:22

01:17:24:14

01:17:27:25

01:17:31:24

01:17:34:03

01:16:07:11 we now know that
measurement is the process

01:16:09:20 of quantifying properties

of an object

01:16:11:29 by comparison

with some standard unit.

01:16:15:18 And we've gone through the

procedures to actually measure.

01:16:17:24 We have to select an attribute.
01:16:20:10 We have to choose

an appropriate unit

01:16:22:19 SO we can measure

that attribute,

01:16:26:00 and then we have to determine
the number of units.

01:16:28:13 What we're going

to look at next is,

01:16:31:11 what if we are actually
measuring something,

01:16:34:25 and we don't have a standard
unit of measure, okay?

01:16:37:15 Is it still possible to measure?
01:16:40:02 Can we gather some information?
01:16:44:12 And to do that, we are going

to use a tangram puzzle.

01:16:49:07 Now, tangram pieces

are in your container,

01:16:53:02 and they consist of seven shapes
01:16:58:07 that actually fit together

to make a square.

01:17:02:16 And we are going to use

three of these shapes.

01:17:07:07 There is a medium triangle
and two small triangles...

01:17:10:21 CHAPIN:

In our third activity,
we actually used tangram pieces

01:17:12:10 to build different polygons.
01:17:14:16 And then we evaluated
those polygons

01:17:17:13 in terms of which polygon
had the greatest area

01:17:19:21 and which had

the greatest perimeter.

01:17:21:20 Brought up

some interesting points.

01:17:24:12 First off, they actually

all have the same area,

01:17:27:23 because they are constructed

out of the same three shapes.
01:17:31:22 But it is not always so clear-
cut when you look at the shapes

01:17:34:01 that all of them
have the same area,
01:17:35:14 and you have

to reason through that.
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01:17:35:16

01:17:37:06

01:17:40:13

01:17:41:26

01:17:45:17

01:17:49:12

01:17:51:08
01:17:53:00
01:17:54:24
01:17:55:24
01:17:57:01

01:17:59:15

01:18:02:22

01:18:07:02

01:18:08:28

01:18:13:02

01:18:14:28

01:18:16:19

01:18:17:24
01:18:18:27

01:18:20:12
01:18:21:19

01:18:22:27

01:18:24:27
01:18:26:09

01:18:28:00

01:18:29:22

01:18:31:24

01:18:34:07

01:17:37:04 If it has

the largest area,

01:17:40:11 it doesn't necessarily
mean it's the largest

perimeter.

01:17:41:24 Well, let's...
01:17:45:15 So what... which...

you know, what is the shape

01:17:49:10 with the greatest
or the largest area?
01:17:51:06 WOMAN:

See, I'm thinking
they're all the s...

01:17:52:28 | have this thought
they're all the same

01:17:54:22 because we used
the same exact pieces.

01:17:55:22 Mm-hmm.
01:17:56:29 But...

01:17:59:13 And they all take up
the same amount of space.
01:18:02:20 The area of a triangle

is base times height

divided by two.

01:18:07:00 Is that going to be
the same as... as

the area of a square...

01:18:08:26 which is length

times width,

01:18:11:14 or the rectangle,

length times width?

01:18:14:26 CHAPIN:

This one looks bigger.

01:18:16:17 It does look

bigger, but...

01:18:17:22 WOMAN:

How can it be bigger?

01:18:18:25 We used the same pieces.
01:18:20:10 CHAPIN:

Did you overlap

01:18:21:17 any of the pieces?
01:18:22:25 WOMAN:

No.

01:18:24:25 Are all the pieces

used completely

01:18:26:07 in each of your shapes?
01:18:27:28 Completely in each

of our shapes.

01:18:29:20 Yeah, they're all

used completely.

01:18:31:22 So why wouldn't the area
all be the same?

01:18:34:05 I'm doing... I'm doing
the seeing-is-believing,

01:18:36:02 like, if we use

three pieces, then...
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01:18:36:04
01:18:37:04

01:18:38:18

01:18:40:05
01:18:41:10

01:18:43:11

01:18:45:18
01:18:46:22

01:18:48:05

01:18:50:04

01:18:51:29

01:18:53:11

01:18:54:27

01:18:57:16

01:19:00:03

01:19:02:09
01:19:03:24
01:19:05:01
01:19:06:20
01:19:08:07
01:19:08:07
01:19:09:13
01:19:10:24

01:19:12:06

01:19:14:14

01:19:16:04

01:19:17:13
01:19:17:13
01:19:18:24
01:19:19:20

01:18:37:02 Right, right.
01:18:38:16 each should be

the same.

01:18:40:03 The perimeter

would be different

01:18:41:08 because that's the part
01:18:43:09 that you're talking
about the longer side

01:18:45:16 versus the shorter side
of the medium-size triangle.
01:18:46:20 | would agree with you.
01:18:48:03 | think that makes

a lot of sense.

01:18:50:02 We're trying to figure out
the area of each

01:18:51:27 to figure out which
area's the greatest

01:18:53:09 and which area's

the smallest.

01:18:54:25 But it just kind

of dawned on me

01:18:57:14 that, wouldn't all

the areas have to be

exactly the same

01:18:59:29 because we used
the exact same shape

all three times?

01:19:02:07 So you mean,

no matter how we

arrange the shapes,

01:19:03:22 it's going to have
the same area?

01:19:04:29 Right, | mean,
here's our...

01:19:06:18 see if | can make
our square again.

01:19:08:05 Of course, | won't
be able to now.

01:19:09:11 There's our square.
01:19:09:11 Yeah.

01:19:10:22 So we arrange them
like that,

01:19:12:04 and they take up
as much space

01:19:14:12 as the red triangle
and the two green

triangles.

01:19:16:02 If we do this,

don't they still take up

01:19:17:11 the exact same
amount of space?

01:19:18:22 Same thing.
01:19:18:22 So let's prove it.
01:19:19:18 All right.
01:19:20:22 There's our square,

right?
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01:19:20:24
01:19:22:22
01:19:24:03
01:19:25:06
01:19:26:20
01:19:28:29
01:19:30:04

01:19:31:25
01:19:32:25

01:19:34:01

01:19:35:15

01:19:38:16

01:19:41:08
01:19:43:28

01:19:47:19

01:19:50:03

01:19:52:05

01:19:55:21

01:19:58:06

01:20:00:03

01:20:02:26
01:20:04:02

01:20:05:17

01:20:06:27

01:20:06:27
01:20:08:08

01:20:10:00

01:20:12:01

01:20:14:06

01:20:16:06

01:19:22:20

this side was,

01:19:24:01
01:19:25:04
01:19:26:18

How long did we say

according to our thing?
Um, well...
According to

our measurements,

01:19:28:27

the square root

of two units.
01:19:30:02
01:19:31:23
right here...
01:19:32:23
01:19:33:29
is one unit.

01:19:35:13
01:19:38:14

that the triangle

is isosceles,
01:19:41:06

this side is also.

01:19:43:26
01:19:47:17

we said it was
How did we get that?
This side of the triangle

Yeah.
This short side

We'll call it one.
And then we both agreed
so this triangle is also...

We have a one and a one.
Either using

Pythagorean Theorem--

01:19:50:01
is two.
01:19:52:03

one-squared plus one-squared

BOTH:

And then square-root it.

01:19:55:19

Or just remembering

what we remember

from geometry--

01:19:58:04

the hypotenuse

of a right triangle,

01:20:00:01

right triangle,

01:20:02:24

of a 45-45-90

is the leg times

the square root of two.

01:20:04:00
01:20:05:15
of two...
01:20:06:25
root of two.
01:20:08:06
of two.
01:20:08:06
01:20:09:28

Okay.
One times the square root

Which is the square
Is the square root

Okay.
And it held true

for this triangle, too,

01:20:11:29

because we said that this

triangle's hypotenuse

01:20:14:04

was the same length as

the bigger triangle's leg.

01:20:16:04

to be the square

root of two.
01:20:17:19
root of two.

Right, so that has

So they're the square
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01:20:17:21

01:20:19:11

01:20:21:20

01:20:24:00
01:20:25:00

01:20:26:06

01:20:28:02
01:20:29:13

01:20:31:26

01:20:34:10

01:20:36:08
01:20:37:17

01:20:40:07
01:20:41:17
01:20:42:17

01:20:43:25

01:20:45:27
01:20:47:09

01:20:50:06

01:20:51:10
01:20:52:24

01:20:55:13
01:20:56:18

01:20:58:08
01:20:59:08
01:21:00:10

01:21:02:29
01:21:04:15

01:21:07:20
01:21:09:22
01:21:10:22
01:21:11:22
01:21:12:22
01:21:13:24

01:21:15:15
01:21:16:16

01:20:19:09

Now, using

our theory again,

01:20:21:18

the square root

of two-squared is two,

01:20:23:28

the square root

of two-squared is two.

01:20:24:28
01:20:26:04
of that...

01:20:28:00

Two plus two is four.
The square root

Square-root it to get

the hypotenuse of two.

01:20:29:11
01:20:31:24

Okay.
And then we can prove

that by going backwards,

01:20:34:08

by saying that we said

that this side was one.

01:20:36:06

We can put two

of the ones together.

01:20:37:15
01:20:40:05

So that makes that two.

And make our two and prove

ourselves kind of right

01:20:41:15
01:20:42:15
01:20:43:23

by going back to the beginning.

Okay, all right.
So back to

our parallelogram.

01:20:45:25

We agree that this

bottom side is two.

01:20:47:07
01:20:50:04

The hypotenuse is two.
And parallelogram has

the same formula

as a rectangle--

01:20:51:08

length...

base times height.

01:20:52:22
01:20:55:11

And here's our height.
Our perpendicular

was kind of drawn in
when we traced it.

01:20:56:16
01:20:58:06

a small triangle.

01:20:59:06
01:21:00:08
01:21:02:27

All right.
It's a leg of

So that's one.
So two times one.
That's also

two units squared.

01:21:04:13
01:21:07:18

Two square units.
A triangle--

one-half base times height.

01:21:09:20
01:21:10:20
01:21:11:20
01:21:12:20
01:21:13:22
01:21:15:13

We can call this the base.
And that's two.

Two units.

Our height.

Two.

Two units--

two times two is four.

01:21:16:14
01:21:18:02

Divided by two.
Cut in half--
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533

534

535
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537

538

539

540
541

542

01:21:18:04

01:21:19:20

01:21:22:12

01:21:24:28

01:21:27:12

01:21:30:10

01:21:31:23

01:21:35:07

01:21:38:22

01:21:41:28

01:21:45:03

01:21:46:24

01:21:48:15

01:21:50:22

01:21:52:06

01:21:54:12

01:21:57:00

01:22:01:20

01:22:04:22

01:22:06:02

01:22:07:21

01:22:10:14

01:22:13:28

01:22:16:29

01:22:19:07
01:22:21:10

01:22:25:08

two square units.

01:21:19:18 All right.
01:21:22:10 NARRATOR:

Next, participants

evaluate polygons

01:21:24:26 to determine which
has the greatest perimeter.
01:21:27:10 Without the use

of measuring tools,

01:21:30:08 they begin by choosing
a non-standard unit of measure,
01:21:31:21 like the side of a tangram.
01:21:35:05 What did you get
for a square for

the perimeter?

01:21:38:20 Well, | used... again,
using this as a unit,

01:21:41:26 | got four units...
four... four of this unit.

01:21:45:01 So are you using
approximate or

is that exact?

01:21:46:22 | don't know

if that's exact.

01:21:48:13 I don't know

if it's exact.

01:21:50:20 So you're... you're
approximating right now

01:21:52:04 on the parallelogram.
01:21:54:10 CHAPIN:

Different groups looked
at different units.

01:21:56:28 Some used the short side
of the smallest triangle.
01:22:01:18 Others used the side of the

medium triangle as their unit

01:22:04:20 and then did comparisons
with nonstandard units.

01:22:06:00 WOMAN:

And it worked out nicely

01:22:07:19 because the top one

was three-quarters.

01:22:10:12 Three-quarters, so

that's a good estimate

for you, okay.

01:22:13:26 Well, what did we find out
about the area of these shapes?

01:22:16:27 We found out that...

that they're all the same,

01:22:19:05 that we're using

all three pieces--

01:22:21:08 the medium and the two smalls--
01:22:25:06 and we're just rearranging them
in different configurations,

01:22:28:15 but that they all take up

the same amount of space.
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01:22:28:17
01:22:30:04

01:22:33:14

01:22:36:22
01:22:39:02

01:22:42:15
01:22:49:03

01:22:52:05
01:22:53:16

01:22:55:25

01:22:58:00

01:23:01:11

01:23:04:08

01:23:07:13

01:23:10:05
01:23:12:21

01:23:15:28
01:23:19:15
01:23:23:01
01:23:30:03
01:23:33:05
01:23:37:14

01:23:41:27
01:23:43:27

01:23:48:03
01:23:50:23
01:23:53:22

01:23:57:11
01:23:58:28

01:24:02:12
01:24:04:12

01:24:07:21
01:24:09:09
01:24:11:08

01:24:14:06
01:24:15:28

01:22:30:02 Great.

01:22:33:12 Now, | noticed that as we then
also looked at perimeter,

01:22:36:20 that people had some different
approaches

01:22:39:00 of ways that they made sense
01:22:42:13 of which shape had the greatest
or the least perimeter.

01:22:44:20 Why don't you come on up, Lori?
01:22:52:03 LORI:

| chose to use a different side

01:22:53:14 of the triangle--

01:22:55:23 use the same triangle

but a different side.

01:22:57:28 In relationship

to the bigger triangle,

01:23:01:09 we found that the base

was the same length

01:23:04:06 as two of the sides

of this triangle.

01:23:07:11 So | chose to use this

as a unit of one.

01:23:10:03 And I'm going

to use the trapezoid.

01:23:12:19 And because we were only asked
01:23:15:26 to order them

from least to greatest

01:23:19:13 without finding out

the exact measurement,

01:23:22:29 ... | felt that this would be

an accurate way to do it.

01:23:30:01 We held it up and marked off
that this would be one,

01:23:33:03 and just moved it over,
01:23:37:12 and that this would be one.
01:23:41:25 And that this right here was
about... it's less than half,

01:23:43:25 so we called it a quarter.
01:23:48:01 So this would be one, one,
and one-quarter

01:23:50:21 of our... our unit of one.
01:23:53:20 This would be equal to one...
01:23:57:09 and this also

would be equal to one.

01:23:58:26 When we got up here,
01:24:02:10 we found that this was more
than half, less than one,

01:24:04:10 so we called it three-quarters.
01:24:07:19 And how nice that we have
the one-quarter down here.

01:24:09:07 (laughter)

01:24:11:06 Worked out well.
01:24:14:04 So when we add it up, it's one,
two, three, four, five.

01:24:15:26 So we found that this was five.
01:24:17:10 And some of the other...
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01:24:17:12

01:24:19:24

01:24:23:02

01:24:27:10

01:24:29:18

01:24:31:12

01:24:34:08

01:24:37:13

01:24:41:10

01:24:46:29

01:24:50:12
01:24:52:07

01:24:54:27

01:24:58:12

01:25:01:24
01:25:07:00

01:24:19:22 we found that these

also equaled five,

01:24:23:00 and that this one...

this one was four and a half,

01:24:27:08 using that same... same method
of measuring and marking off.

01:24:29:16 CHAPIN:

Great. Thank you.

01:24:31:10 Let's recap what

we've gone over today.

01:24:34:06 First, we have thought carefully
about, What is a measurement?

01:24:37:11 That it is the process

of quantifying properties

01:24:41:08 an... of an object by comparison
with a standard unit.

01:24:46:27 We've looked at the procedures
that are necessary to measure.

01:24:50:10 And we've started

to think about the difference

01:24:52:05 between precision and accuracy.
01:24:54:25 How do we get measures

that are more precise,

01:24:58:10 and what affects the accuracy
of our measurements?

01:25:01:22 So we will continue

to investigate these things

01:25:04:09 in future sessions this week.
01:25:12:29 Captioned by

access.wgbh.org



