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Summarizing Topics 5 through 8 summarize the distribution of the data
- - = shown in Chapter 1. This chapter answers questions such
Dls_t"b_uuons of as What is the center of the data and how much does the
Univariate Data .aa vary from the center value? and How does changing
units affect the summary measures? Boxplots are used to

provide a schematic view of a five-number summary.

Topic 5—Measures of Center and Spread

The most common measures of the center of a distribution
are the mean and the median. The measures of spread are
range, interquartile range, and standard deviation. These
measures are given for data collected in a list or grouped in
a frequency table.

Using the Data List

Example: Use the list of building heights from Topic 1 (list
phily in folder BLDTALL ).

1. From the Stats/List Editor, press Calc and select
1:1-VarStats .

2. Select List: phily with Freq: 1 (screen 1).

o Lisk

d Frea:

qd  Cabedorw Lisk:

1 Inciude Caredories:

;
1i=i3=4r

(l) ELOTALL FAD AUTO FUMC
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38 ADVANCED PLACEMENT STATISTICS WITH THE TI-89

3. Press [ENTER] to display screen 2. L 1-var stats..
= =E:0.z208 3
) Ix =iz841. —|
Ixz =F.E2x1iEB
101 e =153.064
0] S1ENTEE
47 n =Y
45  Hin# =00
411+ oix =4zE
h D
(2) ELOTALL EAD AUTO FUMEC i/ E
4. Scroll down using @ to display the second page of L 1-bar shat..
1-VarStats (screen 3). to Tlenraz 13|
I3 ping =0,
4] oy =426,
4G Med =uga.
47 ey =EFRLE
45 Maxd =ayE,
41] =Etx-me= =EHEZLN,
h AS
(3) ELDTALL EAD AUTO FUME 1'E

Measures of Center

Mean = X = z—nx = 12941/24 = 539.208 feet for the data set,
phily list of building heights (the first value in screen 2).

This is the balance point of the dotplot from Topic 2, shown Note: X = [, for this case, since

. . . you are calculating the population
below. Think of the dots as bowling balls of equal weight. mean of all 16 tall buildings 400

feet or taller in Philadelphia, PA.

Median = MedX = 489 feet is the middle value (50"h percentile).
Twelve values are below and 12 values are above 489 (the fifth
value in screen 3).
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CHAPTER 2: SUMMARIZING DISTRIBUTIONS OF UNIVARIATE DATA 39

Measures of Spread

Measures of spread are:

Range = maxX - minX = 945 - 400 = 545 feet.

Interquartile Range =IQR = Q;- Q, = 578.5 - 426 = 152.5 feet.

Note: The Interquartile Range
spread of 152.5 feet covers the
middle 50% of the data, with 25%
or six values below and 25% or six
values above, as shown in the
dotplot from Q; to Q.

1.5 0IQR =1.510152.5 = 228.75
feet is used to measure the
distance from the quatrtiles, Q; and
Q;, to detect possible outliers. From
the dotplot with Q; x = 578.5 feet
(with 75% of the values below it
and 25% or six values above it)
measure 573.5 + 228.75 = 807.3
feet. Only two buildings are taller
than 807 feet and are identified as
possible outliers at 848 and 945
feet. There are no possible outliers
to the left of Q;.

Phily Dotplot
[ ]

e o o °
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40 ADVANCED PLACEMENT STATISTICS WITH THE TI-89

Standard Deviation

The standard deviation is a measure of the deviations from
the mean, and its value can be highly influenced by values a
long way from the mean. The following table compares
values by dropping the largest value (945) from the list.

n=24 n=23 Difference
Mean 539 522 17
Median 489 488 1*
Range 545 448 97
IQR 153 155 2*
Sy 154 130 24
Ox 151 127 24

* Robust Measures: Values that do not change much by the
presence of extreme values are called robust. Notice that the
median and interquartile ranges are more robust than the

mean, range, and standard deviation.

/ _n2
S, = sample standard deviation = Z(;( IX) = 1/ 542214

= 153.96 ft.

/ _ 02
o, = population standard deviation = 2(XZ 1) = 1{ 54242114
n

= 150.72 ft.

Note: If your list was a random
sample of values from a population,
you could use s, to estimate oy.

The standard deviation is a
measure of the spread from the
mean, and several intervals from
the mean are given below the
dotplot.
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CHAPTER 2: SUMMARIZING DISTRIBUTIONS OF UNIVARIATE DATA 41

Topic 6—Measures of Position: Percentiles
and Quatrtiles, Standard Scores ( z scores)

Example: Use the building heights in Philadelphia, PA
stored in list phily and folder BLDTALL in Topic 1.

Finding Standard Scores ( z scores)
Standard scores (z scores) measure the number of standard

. . X =
deviations a value is from the mean, z = Uﬂ .

1. Press [HOME] to perform Home screen calculations. If
there are computations on the Home screen from

previous work, press Tools and 8 { [CLEAR] [HOME] to

clear the screen.

From Topic 5 you found the mean = 539.2, and the standard
deviation = 150.7. Use these values to find the 2 score of the
smallest (400 feet) and the tallest (945 feet) buildings in your
list.

2. Type (400 - 539.2)/150.7 and press [ENTER].
3. Type (945 - 539.2)/150.7 and press [ENTER] (screen 4).

Smallest Building: 2z = (400 - 539.2)/150.7 = -.923689
Largest Building: z = (945 - 539.2)/150.7 = 2.69277

The smallest value is less than one standard deviation below
the mean, and the largest value is almost three standard
deviations above the mean.

Percentiles and Quatrtiles

The percentile of a score indicates what percent of the data
values are smaller in magnitude. Not all textbooks or
computer programs use the same procedure for finding
percentiles, but all methods give similar answers as the
sample size increases.

Fir] Fex |Fir| Fir| FE Fir
Tools|A13gbrajCalc|Other|Frami0jCTean Ur

408 - 539.2 _

e 923589
2945 - 539.2
—1ism.7 269277

(=5 E 1130, 7
(4) ELDTALL RAD AUTO FUNC FRET]

Note: The difference in these

z scores is another indication of the
non-symmetric nature of the
distribution (the data is skewed to
the right). This is clearly shown
below the dotplot in Topic 5.
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25" Percentile = P,; = Q, = 426 feet in the 1-VarStats
value of Topic 5 (screens 2 and 3) with 256% of 24, or six
values below it.

50" Percentile = P,, = Med = 489 feet in Topic 5 with
50% of 24, or 12 values below (and 12 values above).

75" Percentile = P,, = Q, = 578.5 feet in Topic 5 with
756% of 24, or 18 values below it (and six values above).

Finding the 90 " Percentile

Example: Copy list phily data into listl. Sort listl in
ascending order.

1.
2.
3.

Return to the Stats/List Editor using [¢] [APPS).
Select Stats/List Editor and press [ENTER].

Highlight the listl heading, paste or type phily and press
(screen b).

To sort phily data in ascending order, press List,
2:0ps and then 1:Sort List . Make sure the list is list1

and press [ENTER] (screen 6).

Calculate 90% of n, or .90 (024 = 21.6. On the Home
screen, enter .90 (x] 24 and then press to display
the top of screen 7.

Use 22, since 21.6 values are below 22. (If the result is a
decimal, round up.)

On the Home screen, paste listl and then press

(] 22 2nd] [1].
Press [ENTER] for 792 (screen 7).

©)

(6)

Fix] Fix |FZo Fi~| FE-| F&r [F?
TooT5)Floks|ListjCalcfDisky|Tesks|inks

ELOTALL EAD AUTO FUMC Fi |

Fix| FEx|F3 Fuir| FE=] FB~ |F7
Tn:u:-1s|P1-:-ts List l!u1c||!listr Tests|ints

ELDTHLL KAD AUTO FUHC ]

Fi~] Fex TF3~| Fi~ | FE Fa-
TooTs|AT13ckralCalc|Other|Frarml0jCTean Uk

LR 21.6
" list1[22] T2
m L FI3-24 1.
g List1[18]+1i=t1[19]
2.
5725

(listl[131+1ist10[19]10-2,
(7) |Erare EAD AUTD FUMC (R
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Finding the 75 " Percentile

Example: Copy list phily data into listl. Sort listl in
ascending order.

1. Calculate 756% of n, or .75 124 = 18. On the Home rhoia| i1 che alCaie nihar|pr S| c1ean e |

screen, enter .75 [x] 24 and then press [ENTER] to display =.9-24 21.6
. | |
the middle of screen 8. - };?‘,;‘522] ??g

Since this is an integer, you will take the average of the w 115t1[18] ; 1ist1[19]

18" and 19" values so type (list1[18] + list1[19])/2 and I 5
. . + I
press [ENTER] (screen 8), which agrees with Q,x of (8) [gimmas T T T YT

1-VarStats in Topic 5, screen 3.

Finding the Percentile Value of a Number
Example: What percentile is the height 792 feet?
1. Return to the Stats/List Editor using [¢] [APPS].
2. Select Stats/List Editor and press [ENTER].

3. Observe that in listl (with the data in order), 792 is the IEEN RN [ R KR T
22" value (screen 9). Thus, there are 21 values below it listZ [1ist3
for 21/24.0 = .875 = 87.56% or the 87.5 percentile.

945 23
245 24

list1[22]=F32
(9) |Era FAD AUTD FUNC EE

Topic 7—Boxplots (or Box-and-Whisker Plots)

In Topic 5, screen 3, you used 1-VarStats on list phily for the
following five-number summary:

MinX = 400 Q, =426 Med = 489 Q3;=5785 MaxX = 945 ft

These five values define a boxplot as follows. From the
Stats/List Editor and folder BLDTALL :

1. Setup Plot 1 with [F2] Plots, 1:PlotSetup .

2. Highlight Plot 1, press [F1] Define, and select [E — Define Flotl__ o

Plot Type: BoxPlot and X List: phily (screen 10). E”--*

Hon e oedad [
Use Fred and Catedories? WO

3. Press [ENTER] to return to the Plot Setup screen.

A O

EZC=CAMCEL

(10) UZE £ AMD + T OFEW CHOICES
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44 ADVANCED PLACEMENT STATISTICS WITH THE TI-89

4. Highlight Plot 2, press [F1] Define, and select
Plot Type: Mod Box Plot , Mark: Box, and X List: phily
(screen 11).

5. Press to return to the Plot Setup screen. Note that
two plots have check marks in the left margin
(screen 12).

6. Press[F5) ZoomData and then press [F3] Trace, with
Med = 489 (screen 13).

7. Use @ and Q) to find the other values of the
five-number summary.

The middle box has the middle 50% of the data, while each
whisker has 25% of the data. The right whisker is much
longer than the left because of the positive skewness. Even
the middle 50% is not symmetrical, since the median is not in
the middle of the box.

8. Press @ to move the flashing cursor to the modified
boxplot. The P2 in the upper right corner represents
Plot 2 (screen 14).

Notice that the right whisker of the plot stops at 792 feet.
This is the third largest value. The two boxes at x = 848 and
maxX = 945 indicate the two possible outliers (as identified
to the right of Q; + 1.5 OIQR in the dotplot of Topic 5). No
outliers are identified to the left of Q, - 1.5 OIQR.

There is no need to construct both boxplots. You will use
the modified boxplot in this book because it shows more
information.

The modified boxplots are also very helpful in comparing
different distributions, as will be shown with Parallel
Boxplots in Topic 9.

[f DFine Flok 2 '\]
Flok T¥Fe Fod Box FIoE ¥
Mark Eoxd
4 = Fhily H
Ed FEIT T
HE TR Y

Usg Fred and CakedorissT MO¥
Yra

A LN

3 ESC=CHMEEL
(]_1) ELOTALL EHD BFPEOY  FUNC

3 Flat 8
=TT T
(12) [erotaL FAD AITO FIRE T

Med: 423,
(13) liEE ST e e TrFE s e raneEr

Note: If the x-axis is in the way,
press [¢] [WINDOW] and set ymin = 1
and ymax = 10, and then press
(+] [GRAPH] and [F3) Trace.

HITIZ.
(14) |eziait RAD AUTD FIINE
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Topic 8—The Effect of Changing Units on
Summary Measures

Changing Units withy = kx + a

Example: Change the following sample of body
temperatures of 20 adults measured in degrees Fahrenheit to
degrees Celsius.

98.0 99.2 972 986 99.0 99.7 972 97.7 98.6 98.2
97.0 991 993 99.0 99.2 987 996 994 99.2 97.6

o0 =2 (oF-32) = 2op. 180
9 9 9

so in this case k = g and a= %60

For measures of position (median and mean):

a. Medy=kOMedx+a

Vit Yoo Yo _ (G +@) +(kx + @)+ (hof + 9 _ k(X + x+..x)  Nna
n n n n

b. y= =kx+a

Results: Measures of position X becomes k X + a
For measures of spread (interquartile range and standard deviation):

a. IQRy=Quy-Q,y=(kQzx + a)— (kQx + a) = k(Qsx - Q,X) = KIQRX

b Sy:\/[(kx1+a)—(kxl- AP+ [(kx+ a-( kx # :\/kzz(x—k)z _ KOs,

n-1 n-1
Results: Measures of spread Wbecomes k OW
Press to return to the Stats/List Editor.

Clear all data in list1, list2 , list3, and list4 by highlighting
each heading and pressing (ENTER].

Type the temperatures in °F in list1 .
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6. Highlight the list2 heading, type the temperature
conversion formula: (5/9) Olistl — 160/9.0 (screen 15).

7. Press and observe the Celsius temperatures in
list2 (screen 16).

8. Press Calc, and select 2: 2-VarStats .
9. Select X List: listl, Y List: list2, and Freq: 1.

10. Press (screen 18). Pressing ®
displays a second page of output and pressing ©)
again displays a third page of output.

(15)

Fir] Fer [F3
Tools|Flaks

115t2=(5f:5')*115t1—16EIx’9. of

ELOTALL ERD AUTO FUMC [T

Note: The last number is 9.0, not 9,
so the results are not fractions.

(16)

(17)

Filr] Fer [FZ F F7
Tools|Floks|Lisk|Calc|Diskr |Tesks|Inks

Fi=| FE-| Fa~

z-Mar Ftatks...

ELDTALL ERD AFFROY  FUWC T

¥ Ligk:

Frea:
Cakedory Lisk:

Include Catedories:

S, _f_EntersOKE EZCSCANCEL

ELDTHLL EAD AUTO FLUHC L

Note: This does the same
calculations as 1-VarStats, but on
two lists of equal length. (If the lists
are not of equal length, a dimension
mismatch error will be displayed.)

(18)

Thi: Z-Var Stats...
5 =0R.E7E
h Ex =1871.5 3
281 I =104zEY, -
487 5 =.B5216Y
0] =.B305087
47 n =20,
45| F =26.9061
41 4 Ev =rxOPER
1 i_ Entgr =0k
BLOTALL RAD ALTO FUNC 5T
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11. Check:

Yy =369861 = k x+ a= (g) * 98575 — %

s, =0473425 = k* g = 8*0.852164

Medy = 371389 = k*Med x+ a= (gj £08.85 - %

IQRY=Q3y-Q,y=75= K*IQR x= (g] *1.35

2
S(y-y)? =42589= I T (x- X2 = (gj *13.7975

Changing Units by Multiplying by a Constant (y = kx)

Example: Use the building heights in Philadelphia, PA
stored in list phily and folder BLDTALL in Topic 1. These
heights are in feet; change them to meters.

Notice that 3 ft = 1 yd, so

1yd

12ft = 12ft 0—— =4 yd or k == = 0.333
3 ft

| =

to change feet to yards.

One meter is approximately a yard, but what is the
conversion factor? The TI-89 has the answer stored with

[unITS].

1. From the Home screen in folder BLDTALL , type 1 and
then press [UNITS] to display the UNITS screen.

2. From the Length submenu, highlight _ft (screen 19).

3. Press [ENTER], and then press [»], followed by
[UNITS]. (The [»] arrow is above the key.)

4. From the Length submenu, highlight _m and press
for 1 _ft »_m in the input line (screen 20).

Note: This is a special case of

y = kx + ausing a= 0. Measures
of position and measures of spread
(or both) are multiplied by a
conversion factor K to change units.

Acce ion ...

Temperaturs..

Lumiinous Inkensik ...
T Amounk of Substancs

Enter=0K

1y
(19) |eLbTar wrwmear m FINE [PET

Fix] Fex [F3~] Fa~ | FE Fa-
TooTs|A13cbralCalc|Other|FramIOjCTean U

1_ftr_m
(2()) ELOTALL FAD AFFEOR _ FUMC [T
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5. Press [ENTER] for 0.3048_m in the first line of screen 21 TR A LA o L
(or 1 ft = 0.3048 meters).
6. Repeat steps 1 through 5, except select _yd instead of ml-_ftem - 3048 _m
. 4 Th dline i 21 sh the ft m1-_ft e _yd L333333 - _ud
_m in step 4. The second line in screen 21 shows the " 3045 philu s listl
to yards conversion. £17P2. 302 123.444  171.%
. 304 3+philurlist]
(21) ELDTHLL RAD AUTO FLUNC /20

7. Multiply 0.3048 Ophily , press for an arrow on the Note: You could have done this
input line of screen 21, and then paste or type listl. step in the Stats/List Egitor.

8. Press and the first result of 178.308 indicates that
the first height in list phily of 5685 ft = 178.308 meters
(screen 21).

From the Stats/List Editor ((2nd] (APPS)):
1. Press[F4] Calc and select 1:1-VarStats .
2. Enter List: listl and Freq: 1.

3. Press (screen 22). Mean = 164.351 and Es Lovar state.
S, = 46.9283 meters. Eh| I imen 3
IH =598gzN, -
4. Compare these values in meters with the values in feet b1 opazE:
of Topic 5, screen 2, with X = 539.208 feet and 3T A
— +ein =1z8.845
s, = 153.964 feet. . LS —
5. Check: Mean = 164.351 meters = k JX = 0.3048 [J P e
539.208 ft.

Sample standard deviation = 46.9283 meters = k [Is,
= 0.3048 0153.964 ft.

All the plots will look the same in each unit, but with a
different scale. Screen 23 shows a modified boxplot using Fl
ZoomData to fit the plot to the screen. This screen resembles
Topic 7, screen 14, but now maxX = 945 ft = 288 meters. A
building 1000 feet tall is 304.8 meters — 305 does not sound

as grand as . NERSAY .
d as 1000! ¥E209, 035 i
(23) ELDTALL FAD AUTO FUNEC

Note: To get the modified boxplot,
repeat steps 4 and 6 in Topic 7 with
X List: listl instead of phily

(screen 23).
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