Ways of Knowing You Know

Ways of Khowing You Know

Concepts

. Measurement

e  Error

Materials Overview
e TI-84Plus error analysis.

. CBL 2™ or EasyLink™ cable with
some probes OR

e CBR 2™ with the CBL\CBR,
EasyData™, or DataMate APPs

. I/O cable

This activity examines issues related to measurement and its relationship to

Launch

When we measure, we are using a tool to get an
approximate value that represents the value that is true.

How hot is it, really? How long is that, really? How
much is in the bottle, really? Measurement is dependent
upon your tool, and how well you need to know a
measure is related to the situation. When you cut a piece
of lumber for a wall in a house, or for a shelf in an
expensive cabinet, your need to know the lengths vary.

If you have a 355ml can of pop, how much pop is
actually in the container? How carefully do you think
they measure, and how far off from the reported value
could you be? If your can had 275ml of pop, is that close
enough to the reported value of 355ml?

In this investigation, your team will design an
experiment to determine the value of a measurement that
they select. The item to be measured will be selected by
your team, but must be measured by a probe, such as
pH, light, motion, force, etc.

The measurement should be representative of the item
measured—the height of a door, the temperature of the
hall, the width of a parking space—and all the measured
items are expected to be the same. That is, we will be
determining the real value of the measurement of an
average.
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Plan (Method 1)

1. You may use EasyData™ and the EasyLink™ cable _m

to collect the data. Ea sv[}ata
e Connect the probe while the calculator is turned off www_.l.,zmiif_?:,m
or at the Home Screen and the EasyData™ APP will @2004
automatically launch (Figure 1).
o If this is not the case, press [APPS], and then [<] to Figure 1
locate the EasyData™ APP, and finally press T*’“"*EF"':"”':':'
to run. .
2. Setup the application to collect data in the ‘Events 2 Tone Grarh..
with Entry’ Mode by pressing (Setup) and selecting H
option 3 (Figure 2). |_i1-z Fhart Grarhiduit
3. To run, press (start), and make sure what the reading Figure 2

represents before you press (Keep) to keep the value
. Enter ¥alug
and enter a reference (Figure 3).
e In this case, just use the numbers 1, 2, 3,... to help 1
keep count.
. Pr(?ss (0K, and move to the next of the similar AT
objects.
4. When finished, press (Stop) to end the data collection, Figure 3
and then (Main) to return to the Main Menu. Feady ko auits
Ti Exin Tisk L1,
e Ifyou are finished with EasyData™, press [Quit] to Channel H1 i:' {Est Lz,
Quit the application and take note of the location of Chanme] CH 2 in Tist L2
your data (Figure 4).
Note: This method may only be used with the [CanciVT Ok |
CBR 2™, Light, Voltage, or Temperature Figure 4
probes.
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i . ﬁ 1Nance..

Plan (Method 2) =EE%QEEEE

1. You may use the GAUGE with the CBL 2™ or
CBR 2™,

e In this case, you will use the CBL/CBR APP on the

Fi
TI-84 Plus as shown in Figures 5 to 10, connecting igure 5
.the appropnate probe ‘as the directions explain. . {?TE}:AS
2. This mode will automatically record your data in a INSTRUMENHTS -
list, but you should write it down as you get the EEL{"EER
values as a back-up. wersion 1.00
3. Press and a Reference number for each FREZ= ANV KEY
measure will be recorded until you have the 21 data Figure 6
points. EEI@EEEE AFF:
4. Then press , and [QU'T]@ to leave the ﬁDHTH LOGSER
GAUGE mode. It REANGER:
) ) _ 4:GUIT
5. The data will be located in the lists DREF and DIST,
TREF and TEMP, or similar names for the light and
voltage probes. Figure 7
F'EI:II%E : Light
0 anic
TYFE: EBar
MIM:=@
FMARE 188
UHITS: “F
EE'HEET ME Off

Figure 8
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Figure 9
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Figure 10

T? PROFESSIONAL DEVELOPMENT SERVICES FROM TEXAS INSTRUMENTS

DEALING WITH DATA IN HIGH SCHOOL MATHEMATICS AND SCIENCE © 2007 TEXAS INSTRUMENTS INCORPORATED



Ways of Knowing You Know

SEHD [AAEILNI
Plan (Method 3) iHFece1ve
1. The third method uses the LogData function of the
DataMate APP.
e Ifyou do not have the DataMate APP on your
calculator, connect to the CBL 2™, press [LINK] Figure 11

[] [ENTER] on your calculator to set it to Receive

(Figure 11). E : E 1Rance...

e Press the Transfer button on the CBL 2™. EEE%;EEEE

2. Run the program with the probe attached to the
CBL 2™, and record the data (Figure 12).

Figure 12
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Execute

1. What Set-up Method are you using?
2. What item are you measuring?

3. What units of measure are you using?

4. The 21 values:

Measured Values

Measured Values

Measured Values

5. Identify the following values for your data set:

Mean

Median

Mode

6. Produce a Histogram of your data, including a Window.

Maximum

Minimum

Standard Deviation

Average

Flokz  Flotz
B
gFel o L=
M- OH |

wlistiDATH
Frex:l

.

F1:DATA

min=z1

[ Ea
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7. Produce a Box and Whiskers of your data, including a Window.

Flokz Flok: Pi&m
o+ :
gFel o = dhy :

L TE :
ali=ts0ATAH
Frea:l

Hed=23

8. Produce a Z-Distribution of your data, including a Window.

Flekz  Flots ] .
off
gpel o L= dhy : ;
HE- W E .
Oata List:DATA H
Data Axizig Y 1
Mark: o B - ¥

9. Produce a scatterplot of your data, including a Window.
Hint: make a list (NO) to number your measurements.

Flokz  Flokz F1:NO0sDATA
I:"F.'F. +* H++ L L L L +*
[N =T =] E J]Ih e + + ++ 4+
Hhe HIH |7

®1istiHO

“1i=t.:DATHAH
Mark: o B -

n=1 Y=ol

|Observed — Actual |

Actual
value that you determine (explain why you picked that value) and
‘Observed’ is the Mean of your data.

10. Calculate the Error. 100, where ‘Actual’ is the True
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11. Using the Mean and Standard Deviation for your data, create a Histogram
and Normal Distribution curve for the density measures.

Check it out using the vertical lines.

Flgtz  Flotz
o
JFel .uIT L=t

AL Flotz Flokz
=W Brormal pdf X,
Ha S MESxoE, 4

Sixty-Eight percent of your data should fall within the interval between the
mean and one Standard Deviation up or down from the mean. Adjust the
value of M to increase the height of the curve.

_Aim_IT.

Vertica
Vertica
Vertica

ShadeHormix—5x. %

+5xa Ha 5K

12. Perform a T-Test to evaluate your data at the p = 0.1 level (10%). Use a
value for uy—the Actual value—that you determine, and explain why you
picked that value.

Conclude

Perform both Calculate and Draw.

?Ed . EHLE TESTS
it
s SortAC
3: 0

T-Te=t.
InFt Stats
18, e
L15t DHTH
Peq
{uu o

Ea ulate Oraw

EOIT CALC pIs=yEs
1:7-Test. .
T-Test...
f2-SamreTest..
: T .

1. Discuss the various methods of analyzing these data.

What are these graphs, calculations?
Who uses them and why? Do you? Why? When? Where?

Determine if your data survives the test at the 10% level. (In the example the
level is 1.1% since p =0.0118, lower/better than the p = 0.1 level.)

Which of the above analysis methods best demonstrates the consistency in the
data that you collected and why?
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Teaching Notes

When the groups design their experiments, make sure
they understand “sameness.”

e Measuring the heights of 21 student desks would be
fine if they are all the same brand of desk, and they
are not damaged or abused in such a way that their
heights have changed.

e Measuring the temperature of the air as a measure of
the quality of a thermostat would be fine if the air
that is measured is in the same room as the
thermostat and after the blower has finished heating
the air.

Direct the group through the various methods of looking
at the data after the experiment has been designed and
conducted.

Technological Pitfalls

The EasyData™ will drive the CBL 2™ or the
EasyLink™, but the EasyLink™ is limited in the
number of probes that can be used. That is, some probes
will not work with the EasyData™ APP.

The CBL/CBR APP is only good for the four probes
(motion, light, voltage, and temperature). Unfortunately,
when they use Reference #, if the data is not entered fast
enough, the system will lock up.

e To undo the lockup, press [QuIT] and [OFF]
and over and over in different combinations until
the screen returns to the GAUGE setup.

e Once you are at this screen, if you back out, then the
data will still be in the lists, but if you start the data
collection again, the data will be lost.

TI-Navigator™ Use

Collect information from the groups about their item to
be measured and the probe they plan to use using Screen
Capture. Discuss the feasibility of the experiments.

Have one group submit their data list, and send it to the
whole class. Let each group pick one of the methods to
manipulate it, and then take another screen shot for the
class to see and discuss.

Have each group set up their display of choice for their
data and screen shot it for the edification of the class.
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