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Uses of Technology

» Super calculator/Number cruncher
o In this mode the use of technology allows the student to move from
solving problems with small samples to analyzing large, realistic data sets.
o Low level of conceptual understanding.

» Grapher
O Assists in visualization of data, exploration of concepts of central
tendency and variability, shape of distribution (symmetric? unimodal?
normal?)
O Medium level of conceptual understanding

» Interactive Explorer
O Integrates numerical measures and graphs into an interactive package that
permits exploration, visualization, and active learning.
O High level of conceptual understanding

In this session we will investigate five technologies:

1) Excel

2) Minitab

3) Fathom

4) TI-83/84

5) Java Applets

A brief word about the advantages and limitations of each technology:

Excel is a superb number cruncher but its statistical capabilities are limited. Doubt has
been cast on its random number generator for large scale commercial and scientific
applications , but it is adequate for educational purposes. Several add-ins that add extra
statistical features and improve user interface are available, and are often included with
text books. Major disadvantage in the classroom is that many statistical procedures are
not supported and it takes time and effort to program one’s own applications.

Minitab is a true statistical package with a large number of built-in statistical procedures.
Many applications that are very limited in Excel are automatically available in Minitab,
and in particular the ability to generate graphs to accompany procedures is useful. Solves
large scale problems easily, has an intuitive Windows based user-friendly interface, and a
relatively short learning curve. It also has the advantage that it is a serious statistical
package that can be used for commercial applications as well as being an effective
educational tool.



Technology Introduction, page 2

Fathom is an original and highly effective package for interactive exploration. It is an
educational, pedagogical package and encourages independent investigation of the
relationships between variables. It includes a superb collection of real data, including
U.S. census data, for use by students, and also incorporates a number of useful interactive
demonstrations that can be employed by the instructor for illustrating statistical concepts.
Fathom’s interface is different from the point-and-click environment that we have come
to expect from the Window’s based applications, but when you get used to it, Fathom is
easy to use and requires little time and effort for the instructor who wishes to demonstrate
statistical concepts.

The TI-83/84 has the major advantage of being inexpensive and portable — essentially it
puts major computing power into the hands of every student. Numerical output and
graphical are limited by the screen size and the quality of the graphics, but nevertheless
the universality of the calculators makes them a useful and effective tool for both
numerical computation and graphical explorations.

Applets are small applications that are intended to demonstrate one concept e.g. Central
Limit Theorem. There are many applets online and the user should carefully check them
out before using them in class — they are not all of uniform quality. But there are some
sites which are highly reliable and have effective applets. It is often useful to pause for a
few minutes in a class to pull up an applet to illustrate a particular concept — and then tell
students to continue to explore the applet, and the underlying concept, in out-of-class
time.
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Excel

The following data ,obtained from the DASL website, shows long jump records for the
Olympic games from 1900 (Year = 0) to 1984 (Year = 84).

Long jump year
282.88 0
289.00 4
294.50 8
299.25 12
281.50 20
293.13 24
304.75 28
300.75 32
317.31 36
308.00 48
298.00 52
308.25 56
319.75 60
317.75 64
350.50 68
324.50 72
328.50 76
336.25 80
336.25 84

Level 1 use of Excel: supercalculator

To perform a Simple Linear Regression in Excel:

Click on Tools [ Data Analysis e
y Tools | Data  Window Help
% speling... F7
@ Error Checking...

Speech 3

Share Workbook. ..

Track Changes »
Protection 3
Opline Collabor ation 3
Goal Seek...
SCEnarios..,
Formula Auditing 3

Solver...
Tools on the Web, ..
Macro 3
Add-Ins...
= AukoCorrect Options. ..
Customize, .,

opkions, .,

| Daka Analysis...

Decision Tree,..
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Select Regression from the menu

Data Analysis

analysis Tools

Covariance ﬂ
Cescripkive Statistics Cancel
Exponential Smoakhing

F-Test Two-Sample For Yariances
Fourier Analysis

Hisktogram

Moving Average

Fandom MNumber Generation

Fank and Percentile

Ik

Help

Complete the dialog box (be sure to check the “labels” box!):

Regression
Input ok
Input ¥ Range: E
Cancel
Input % Range: |$B41:4B420 EY
Hel
v Labels | Conskant is Zero oer

| Confidence Level: 95 o

Output options
{* Qutpuk Range: |$-':'|$24 E
" Mew Woarksheet Ply: |
" Mew Workbook

Residuals
[ Residuals [ Residual Plots
[ Standardized Residuals [ Line Fit Plots

Marmal Probability
[ Mormal Prabability Ploks

Click on OK to obtain the following output:
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.8703
R Square 0.7575
Adjusted R Square 0.7432
Standard Error 9.7568
Observations 19
ANOVA
df SS MS F Significance F

Regression 1 5054.89 5054.89 53.10 1.27001E-06
Residual 17 1618.33 95.20
Total 18 6673.22

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 283.45 4.28 66.22 0.00000000 274.42 292.49
Year 0.6131 0.0841 7.2870 1.2700E-06 0.4356 0.7906

The regression equation is ¥ = 3, + S.X =283.45+0.6131.X .

We see that in the test of hypothesis Ho: f; = 0 the p-value is 1.2700E-06 (compare with
TI-84) and we conclude Reject Ho, i.e. conclude that there is a linear relationship
between length and year.

Further, we note that a 95% confidence interval for B; is 0.4356 < [, <£0.7906.

Level 2 use of Excel: grapher

Use the Chart Wizard feature to draw a scatter diagram and superimpose a linear
regression on the diagram, specifying the linear regression equation and the R* value.

A B g D E F G H J
1 |Long jump year

2 28288 —
3 o0 4 Long Jump Records ¥ = 0.6131x + 28343
4 29450 8 R? = 0.7575

g 29925 12 o
7

B

281.80) 20 IChart Area

29313 24 350.00 +

30475 28 M
9 30075 32 300.00 1 .
10 M7 36 *

11 308.000 48
12 298.000 &2

[
i3]
=
fo]
=]

L]
Distance (feet)

| L |
13 0825 =6 2
14 31975 &D 150.00 -
15 3775 B4
16 #0580 68 100.00 4
17 450 72
18] a8r0 76 50.00 7
19 33625 a0
0.00 T
g? IG5 B4 0 a0 an B0 a0 100
5 Year

23 »




Level 3 use of Excel: Interactive
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Explore the relationship between X and Y for the following data

X Y
1 24
1 26
2 35
2 33
3 57
3 60
4 55
4 51
5 43
5 41
Linear v=53x+ 266
Regression R*=0.3724
vo
G0 : 5 .
a0 =
40 g
20
10
1 T T
1 2 4
X
Power v = 26,8261
R = 0.63H

Regression

o

B0

a0 ¥

20

10

0 T

2
50 //_;,.;
40 *

u] 2 4

legarithmic v =15.7T46Ln{x) + 27423
Regression R = 0531
7o
=] %
+
40 %
a0 ‘ﬁ
20
10
1 T T
n 2 4 21
X
Polynomial w=-5x"+ 35.3x - 8.4
Regression R: = 0.8365
¥a
[=11] 1
=0 ...--"—'_"t-.._
/- “-\1
" P
jen]
20 ’{
10
u} T
ul 2 4 B
x

Experiment: Change one of the Y-values in the table and see the effect on
the four graphs! For example, change the first Y-value from 24 to 200.
Note: The graph is updated but the regression equations and R? values are

not! It is necessary to delete these values and recompute
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Simulating the Central Limit Theorem in Excel

The Scenario

Consider a production process where the actual lengths of metal pipes produced vary uniformly
Between 19.5 and 20.5 cm. At regular intervals a random sample of five pipes is selected and

the mean length is recorded. After 600 samples have been selected, the distribution of the sample
means is plotted. Even though the population values are uniformly distributed and the sample size
is small, we see that the distribution of sample means is approximately normal.

Histogram of 600 Random Histogram of Means for 600 Random
values Samples of Five Values from a uniform
40 from a Uniform Distribution distribution
35 N
0] - pilet N =EEE 120
] | | 100
21 | g 80
20 | B S |
3 60 -
15 4 =3
10 £ 40
| 20 |
°] 0
0 AN EEEREENEN
1234567 89 10112 114 151617 1819 2 21 R ..
Interval Maximum, in inches
Uniform

The ability to produce plots and to regenerate them interactively is based on the fact that the
Rand() function in Excel, which generates a random number from a uniform distribution between
0 and 1, is automatically renewed every time the recalculate key (F9) is pressed.

The formula {=FREQUENCY (G3:G602,H2:H22)}1s used to create the histogram. Every time

the F9 function key is pressed the two graphs are regenerated. It is a nice demonstration of bthe
fact that while 600 values of the original variable (length of metal pipe) is uniformly distributed
in the range 19.5 to 20.5, the means of 600 samples of 5 metal pipes is approximately normally
distributed.
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Minitab

We will show how Minitab can be used to analyze the long jump data:

= MINITAD - Untitied

e [ Ofa Qe B Gah Ggtw Dok Wndow teb
CBBOI N COE W 0L ¥a2
B Session KB

10202005 2:14:52 PM

Notice that the Minitab screen is divided into a session window (top half) and the data
window (lower half). The data window is basically a spreadsheet and data can be
exchanged with Excel by cutting and pasting. The long jump data is already stored in the
data window.

To perform a regression analysis select Stat > Regression > Regression as shown below:

= MINITAB - Untitled

Ele £t Dgta ok |geat Graph Ftor Tooks Window  Help
puerai 0 QBB D% (GOl 10k e 4

T

(523 b ign bt Subsens,..
(Cnntrnl Chaets. F| |t Erted une pot...
Suslly Tocks

10/20

L1 ™
# Bartial Lsast Soueres...
'

bty Sl
Mivoriatn »| [0 Brery ogetc Regressin...
Tine Gories +| |25 Grdinal Lagistic Rengression. ..

o | ol Logistic Regression, .

= —————————— e
4 (=] c2 =] (=] 1= i a (= =] 10 on <12 < (50} 15 ce
Long Jump  year
JH2 B8
28900

)
]
e naeEEYE2aa

Epm'-vl....?.ﬁu b

il Edable Sz
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Running the regression analysis and selecting the “Four in One” option from the Graphs
menu, we get the following results:

=% MINITAB - Untitled

File Edt Dats Calc Stat Graph Edtor Tooks Window Help

IR0 En COE B
B Session 9 (=] 3

10/20/2005 3:14:52 PM

Residual Plots for Long jump.

Regression Analysis: Long jump versus year Residual Plots for Long jump

Normal Probability Plot of the Residuals Residuals Yersus the Fitted Yalues
The regression equation is
Long jump = 283 + 0.613 year . o .
@
5 . n
ia H ot . .,
Predictor Coef SE Coef T P 2 2 T e e
Constant  283.456  4.280 66.22 0,000 o -0 .
year 0.61306 0.08413  7.29 0.000 . - * .
= L] F N T T T
Resisual Fites vatue
§ = 9.75650 R-5q = 75.7% R-3qladj) = 74.3% Histogram of the Residuals Residuals Yersus the Drder of the Data

=
Analysis of Variance 38

Regression 5054.5 5054.5 S53.10 0.000 12

n
. " o~ A/\ /\
ource F 53 s F H § H \/ % \/\4 124
H i
=

Residual Errer 17 1618.2  85.2 [l -
Total 18 6672.7 - I P 0 E] 7 1 6 & b B on
Resisual Observation order
L v
<) | &

*i: Scatter... |5 @@ |

Current Worksheet: Lang Jump MINITAB My 3:48 PM

Notice that this output includes not only the regression equation and the ANOVA table
for the regression, but also four graphs which can be useful for testing regression
assumptions (e.g. normal distribution of residuals, equal variances, etc.)

To generate a scatter diagram select Graph > Scatterplot

X

Scatterplots

With Rearession
Simple Wwith Groups  With Regreszion  and Groups

.® . O o
. - oW [=] %
[ ] -

with with Connect

Conmect Line  and Groups

Help ‘ Ok ‘ Cancel ‘

and choose the “With Regression” option from the dialog box above.
The scatterplot appears below:
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Scatterplot of Long jump vs year

350 o

340

330

320

310+

Long jump

300

290

280

Repeating analysis we have already performed in Excel:

Explore the relationship between X and Y for the following data

24
26
35
33
57
60
55
51
43
41

ada A A®WWNN 2 X

Select Stat > Regression > Fitted Line Plot.
Select the Type of Regression Model from the screen below:
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Fitted Line Plot

Response [¥]): |¥
Predictor [¥]: |

Type of Regression Model

« Linear ¢ Quadratic  Cubic
| Graphs... Options... Storage...
Help | 0K Cancel

We can produce the following graphs:

% MINITAB - Untitled

| File Edt Data Calc Stat Graph Edtor Tools Window Help

BROUI%Y . QOO B -

ER)|

Fitted Line Plot

P RS IE

These graphs are the same as the ones produced using Excel.

Central Limit Theorem Simulation in Minitab

Repeat the process of generating 600 samples of 5 random values uniformly distributed between
19.5 and 20.5.

Select Calc > Random Data > Uniform

Complete the following screen:
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Uniform Distribution

Generate |0 rows of data

Store in column(s].
cl—ch

Lower endpoint: (195
Upper endpoint: [20.8

Help | Ok Cancel

Next, graph one column of 600 values of the uniform distribution, and also graph the 600 values
of the means of samples of size 5:

Select Graph > Histogram and complete the dialog box:

Histogram - Simple

x)

1 Graph varnables:
Cz
3 C1 Mean
C4
Ch
CE  Mean

Scale... Labels... Datafiew...
ultiple Graphs... D ata Optiofg...
Help | ok Cancel

You will see the two graphs below:



% MINITAB - Four Reg Graphs.MPJ
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| Ble Edt Data Coc Stat Graph Edior Took Window Help

] Session

CBBOIEREE

|

|28 o |3 2| 7

< il

Worksheet 2 ***

Histogram of C1, Mean

10/20/2005 11:45:03 PM

Welcome to Minitab, press F1 for help.

Current Worksheet: Woarksheet 2

c4 Cc5 C6

| Mean ‘
2001560 19.9278 195569 19.8946 197957 19.8662
204145 204217 203713 19.7983 2001624 202352
198926 200436 200090 202352 197900 13.9841
203623 204282 19.8237) 197234 198871 200449
195782 204400 189.8306 19.5785 202155 199286
198432 136693 19.5710 203760 201077 19.8135
196393 19.6493 19.9796  19.9899 195574 197631
200513 19.6917 196787 204355 200049 19.9724
202674 19.7085 203210 19.58%0 19.7051 199182
202307 19.83443 18.6B73| 19.5945 203452 198726
197626 200500 196424 203123 202146 1959964

Histogram of C1, Mean

Frequency

Histogram of C1, Mean

19.7 198 19.9 200 2001 202 203

C1

Mean

604

S04

40

304

204

10

I
ENEa =

Oy T T T T T T
19.50 19.65 19.80 19,95 20.10 20.25 Z0.40

—— =

Once again we see that the histogram of the original values is uniformly distributed while the
mean values are approximately normally distributed.
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Fathom

Anatomy of a screen in Fathom 2™
Dynamic Data Software

® Fathom - [Document]

() File Edit Object Colection ‘Window Help

s S s e

Collection  Tahle Graph  Summary Eztimate Teat Mol Slider Text

\ Regression
Model
Case \ Text
Table
Hypothesis
Graph Slider
Fstimate
Summary
Collection Table
|

Fathom Dynamic Data Software

The following screen shows three elements of a Fathom analysis for the long jump data:

(1) the collection
(2) the case table

(3) a graph (scatter plot with least squares regression line).



® Fathom - [LongJump.ftm]
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() File Edit Object Collection Window

o

Help

Cases: 19 Selected: 0 Attributes: 2 Selected: 0 Hidden: 0

Each of the elements above can be dragged into the document.

Collection  Tahle Graph  Summary Estimate Test Madel Slider Text
i 55 SR e S AU
~
LongJump lRerandomize |
O U U U U LongJump
28288 2889 2045 20825 2815 | e e
O O O O o 1 26266 0 Long.Jumg [Scaﬂer Plot | '3'!
20313 30475 30075 T 308 2 289 4 580
350 °
- - - - - q 2845 g
(8] @] (@] @] (&) o
298 0825 HM9FS  INTIS 3505 4 299.25 12
o o o o 5 2815 20 g0
3245 3285 33625 33625 - Sl 2t g3
7 30475 235 Z 310
-
] 30075 32 200
9 3T 36 S
10 308 48
280
1 293 52
5 e = 0 10 20 30 40 S0 60 70 80 40
year
] BT it — Long_jump = 0.613vear + 283, 2 = 0.76 =
14 TS5 64
15 38505 68
16 3245 72
17 3285 76
13 336.25 80
19 336.25 4
b
< A
==

The next screen shows (1) a confidence interval for the mean distance jumped and (2) a test of
hypothesis for the correlation between distance and year.

® gt - [Langlomp.fim] (i3

i 4 i i

P L Cbw Coleten Tt wnde o

Cocten Taw  Ongh Gumewy fiwes  fet  Moad  Gw  Tet
" -
Lrging

5 rw rtmts e 3

Snln P Lg e

e et 3 ot e f L b

Sapm ot 1

D g, 9 KL, e e o e st s £ L g g 8 1A
1 et I g B TR B P

e perir ma ¥ L o e ime

e — Toa Earmems 4
Fot ABt ]
| st st et e

| s 10
P v corvsis btrnar Lovag_bm 4ty 8 4374130

|setraess: e pepuitons cormaten 1
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|ttt Skt 2 T AT dgrnet o o ol s o e 2
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Exercise: repeat the confidence interval and test of hypothesis with Verbose toggled off.

®  aihom - [Lengump, fim]

Tast Coaveiaion 1]

E
FFETBEBENEEYED

b
22

Exercise 1: Exploring Data

We use the file BeverlyHills to explore the data graphically.
= Investigate various graphs and see the impact of selecting an observation on all open graphs
and the inspector.
= Investigate a scatter diagram of Income on Age
= Restrict age range (filter) to 18 — 80.
= See impact of the filter on the regression line.
= Then try age range 18 - 55

File — Open — Sample Documents — Learning Starter Guides — BeverlyHills

S — o

T
| D8 | bt | e | Wit [ e Fitmtonie | WS NS S0 G

The screen displays two entities:



1. A “collection”
2. A text box describing the collection

Each gold ball in the collection represents one case.
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When the cursor is placed over the collection the status bar in the bottom left-hand corner of the

screen indicates that the collection has 150 cases and 10 attributes (variables).

To explore the attributes double click the collection. You will see the Inspector screen as below:

By clicking on a gold ball in the collection you can inspect the attributes for that case in the
Inspector. The screen below shows the attributes for the 2" case in the collection. Note that it is

necessary to resize the Inspector to see the full description of some of the attributes.

% Inspect BeverlyHills 4% |nzpect BeverlyHills
Cases |Measures |Cu:umments |Display | Cases |Measures |Cu:umments |Displa':.f |
Attribute Yalue | Formula Attribute Value | Formula
SEX h SEX h
age 45 age ﬁ
race Wyhite race White:
ancestry  |lzrael ancestry  |lzracl
marital flar marital ETY
eduCode |11 eduCode |11
eduText (=omecol.. eduText Some college, but no degres
iNcoOme 32734 income F2734
industry  Machiner... industry | Machinerynmanufacturing, except electrical, ne.c.
job Electricia. .. job Electrician earning 13131 . Unearned incame: $195435.
=M= =MEyE
{3 Cy2Ms0 {d L2150

Click on the Comments tab and you will see the description of the data set. This is a good place to

store documentation and notes about the data.

Close the Inspector by clicking its close box.

For spreadsheet fans!

Click on the collection to select it (you will see a border around it).

To create a Case Table (spreadsheet), choose Case Table from the Insert menu or drag a new

Case Table into the document.
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The Case Table can be enlarged by dragging on a bottom corner of the table.
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To see the full table we close the text box, shrink the collection until it is “iconized” and enlarge the
Case Table by dragging on a bottom corner of the table.

File Edt Display Insett Data Analyze ‘window Help

@ BewverlyHils ‘
s8R | age | race | ancestry | marital | eduCode | eduText | income | industry ‘ joh ‘ <ne |
1 M ki Wihite: Russian  |Mar 14 Bachelor'... |0 Scrap an... Sales rep..
2 M 43 ihite Iarael Mar 11 Some coll...| 32734 Machiner ... Electricia...
3 M 19 other race |Hispanic | Mev 9 12th grad... 0 Retail bak... Baker, bu..
4 (M 45 ather race Mar E Sth, Bth, ... | 5000 Unesrne...
5 |[F B7 White: German  |Wid 13 Aszsociat... | TEED Buziness... | Arist /p b
B M 51 Wihite: Russian  |Mar 17 Doctorst... [120000 Hospitals  Physician..
L 20 other race Hev 1 Ho schoo...| 11000 Eating an... | Cook gar ...
8 |(F 77 it Pulish Mar B Sth, Gth, ... | 2496 Unearne...
9 |F 86 it Russian  |Wid 10 High =ch... | 8000 Unesrne...
10 |F 34 White: Palish Mew 15 Master's .| 34150 Thesters ... Editoriep
1l |F 0 ihite Scoftish | Mar " Some coll...| 0
12 M 44 ihite ttalian ey 1 Some coll...| 30000 Services ... Pest cont...
13 |F B0 ‘hite German  |Wid 10 High =ch... | 10000 Health se .. Mursing a..
14 M Ll it Russian  |Mev 11 Some coll... 33001 Airtrans... | Transpor...
15 |F 37 White Izraeli Mar 10 High =ch... | 7270 Unesrne...
16 |M B White: lzrael Mev 4 1st, 2nd, .. |0
T F =3} Wihite: Spanish | Div g 11th grace |4200 Drug stor... Supervis...
18 |F 19 ihite ielzh ey 10 High sch... | 20000 Perzonne... Demonstr..
19 (F 38 ihite: German | Mev 14 Bachelor'...| 60000 Radio an... | Technicia..
20 |(F 74 ihiter Russian  |vid 14 Bachelor'...| 7500 Unestne...
21 |F 32 White: Ruszsian  |Mev 9 12th grad... 32983 Thesters ... Editoriep
22 |F 36 White: Britizh Mev 13 Aszociat... | 60000 Apparel ... Manager .
23 |m 26 other race | Salvacoran| Mar g 12th grad...| 11000 Miscellan... | Janitoric...
24 (M 3 ather race Mev 1 Mo schoo..| 0
25 M 2 ihite: Russian | Mev 14 Bachelor'...| 0
26 |M g3 White Irizh Mew 14 Bachelor'...| 42000 Furniture ... Manager ...
= o - - S | _|J
d| |

Cases: 180 Selected 0 Attributes: 10 Selected: 0 Hidden: 0
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Creating a Graph

Insert a graph into the document by (1) clicking on Insert — Graph (2) pressing CTRL-G or (3)
dragging a new graph into the document

We will make a graph of the attribute age.

Drag the age attribute from the Case Table and drop it onto the horizontal axis of the graph, where
you see the message “drop an attribute here”.

A Dot Plot of age will now be displayed.

4] | 3

[l

L]
stat] | 1 @ 5 2= || E ookl | @ Eudza i | BYPATHOM [ Fothom - | Koy Csicd. | B YDocimen2 | [ & NG S SQEES 220

This graph can be changed to a histogram by choosing Histogram from the popup menu as seen
below:
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Experiment with dragging other variables onto the horizontal axes of the graph e.g. sex (how many
of the respondents are male? What percentage is female?), marital (what percentage is divorced?
Never married?)

Making a Summary Table

Drag a Summary Table into the document. Drag the attribute sex onto the down-pointing arrow to
obtain the first graph below. The second graph is generated by dragging the attribute marital onto
the down arrow.

BeverlyHills | Summary Table
& ||
Div |15
BeverlyHills | Summary Table Mar |53
: = marital| Nev |67
F |79 Sep |2
X |7 Wid |13
Colunm Sunmary 150 Colunm Summary 150
St=count () S1=count ()

When showing a categorical variable the default display is the number of cases in each group.

Other statistics can be displayed by changing the formula. For example to display the proportion of
cases in each category, double-click on the formula S1 = count( ) to open the formula editing box.
You can then edit the formula to display the proportion.

oo vl = Y —
718l 9] +| = T
[ Aftributes il il EI —I il - papStdl
- Functions ll gl EI il il - pophar
Global W alues . = N yporhl
-- lcon Mames %I ;I ﬂl il —I El -
[+ Special i ﬂ ﬂ El ﬂ 4| | g

_I _I _I _I EI Cancell Apply 8104 I

propottion computes the decimal fraction of cases
Cann:ell | Apply | oK I having a certain characteristic.

Example: proportion{spatt = "soccer™) returns the
fraction of cases for which sport is soccer.

eS| |=|e

v 5 s x| |+
|2 15 L+ v a0

o= = [
|2 5 || o |
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Click on OK to close the formula editor and the following results are displayed:

BeverlyHils | Suntrery Table
g = | |

Div |0.1

Mar |0.35333333

marital] Nev |0.44666667
Sep |0.013333333
Wid | 0.086666667

Colunm Sunmary 1
S1 = proportion ( )

Close the Summary Table and open a new one. Drag the attribute age to the down arrow to obtain
the following table.

BeverlyHills | Summary Table

& = |
age 42.106667
S1= ()

Note that for a numerical attribute the default display is the mean. We see that the mean age of the
people surveyed is approximately years 42.

Splitting a graph

Drag a new graph into the document and drop the age attribute onto the horizontal axis. Change the
graph to a histogram. Now drag the sex attribute onto the vertical axis. You will now see that the
histogram of age has been split on the attribute sex.
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BeverlyHils | Histogram
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age

We can now compare the distribution of age for male and female respondents.

Graphing Two Continuous Numeric Attributes

To create a graph of income vs age, drag the attribute income onto the vertical axes of the graph age
is already on the horizontal axis.) The following scatter diagram will be displayed.

BeverlyHils Scatter Fot +
220000
200000+ °e
180000
160000
o 140000 °
g 120000 ) °
© 1000001 ®
80000 o
60000 0 °
%: oc%%wg; og%)y ®
o mcm%o@q%%@ Cbcﬁo%é’@ 9
0102030405060708090100
age

We note that the under 20 year olds have almost no income, the highest incomes are earned by
people in the 40 — 60 age group, and incomes decrease for older people.
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Now replace income on the vertical axis with educode. We will use the new graph to illustrate the
concepts of Outliers and Influential Observations. A point which lies far from the line (and thus
has a large residual value) is known as an outlier. Such points may represent erroneous data, or may
indicate a poorly fitting regression line. If a point lies far from the other data in the horizontal
direction, it is known as an influential observation. The reason for this distinction is that these
points may have a significant impact on the slope of the regression line.

The next graph shows a scatter diagram of Educode on Age.

eduCode
oo e
=] Ll g
L
o ® 8
=]
° OQE =)
000
gle Hoao
o =]
gOO g
oo OE
§°38
o =]
080 =]
OCI
8

0 10 20 30 40 S0 B0 7O &0 40 100
agne
— eduCode = 00752age + 7.0 r2 = 016

Note that the r* value is 0.16, implying that 16% of variation in Educode (Educational level) is
explained by Age.

Now apply the filter Age < 25 to produce the following graph:

BeverlyHils [ Scatter Plat | 3]

16
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L1z
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o
2 &
= o
[0]
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D =]

o 10 20 30 40 S0 60 ¥0O S0 890 100
age
— eduCode = 0.498age - 0.35, 2= 0.75
afe < 25

We see that in the age range 0 - 25 the r* value increases to r* = 0.75 (for obvious reasons!).

Notice that there is one “unusual” observation corresponding to a twenty year old male with an

Educode of 1 (“no school completed”). He is working as a cook and earning $11,000. This
observation is an outlier.

When this observation is removed we see that the r* value increases to 0.88.
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BeverlyHils [ Scatter Pict | 5

eduCode

0 10 20 30 40 S0 B0 7O &0 9O 100
age
= eduCode = 0.540age - 061; +2 = 0,85
age < 25

Question: How would you write up a report on this data set? Would you include the outlier and
report a coefficient of determination of 75%, or analyze the data set with the outlier removed, and
include an exception report in your final statement?

Contingency Tables (Cross Tabulation).
To create a contingency table of two categorical variable we drag a Summary Table into the

document and then drop one of the attributes onto the horizontal axis, and the other onto the vertical
axis. For example, the following table shows a cross-tabulation of marital status by sex.

BeverlyHils | Surmrery Table
marital
= Row
{¢ Div| Mar | Nev| Sep| Wid| 5mmrery

F |9 |23 /34 0 |13 |79
M (6 |30 383 2 (0 |71

Colurm Summary 15 |83 (67 (2 |13 150
S1=count ()

sex

This example has introduced the basics - but there is lots more!! It is worthwhile to linger over this
example for a while and experiment with other graphs and tables. For example we may wish to
explore box plots and Ntigrams (for which cases are grouped into bins of equal sample size).
Remember when you draw graph you can see the number (percentage ) of observation in each
category by moving the cursor to the specified class and looking at the values in the status bar.
Observe the ability to rescale the axes by dragging.
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Other things to explore

- Test hypothesis that mean age = 40
o Toggle Verbose on and off

- Establish A 95% confidence interval for mean age

- Investigate a multiple regression of Income on Age and Educode
o Change order of independent variables and see effect on r°
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TI-84 Plus SE

Press <Stat>

SELUPEdltDP

Press <Enter> and scroll to the right.

Long Jump data is stored in L3, Year is stored in L4
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Press <Stat>, Select CALC



1-Yar Stats
: 2-Mar Stats
: Med-Med
s LinRedC ax+ha
=muadEeg
s CubicRed
¢muaPtEeg

Select 4: LinReg(ax+b)

Linkedlax+h) Lya
| =%

Press <Enter>

LinFe=3
=5+
a=.6131
b=223. 4555
Fe=, Vara
F=.27VA3

TI-84, page 2
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The regression equation is now stored in Var Y,

[ AREl Flokz Flot:
~iE.E1 31 R+2830 4
wp] =

“We=

W=

“My=

o=

~NE=

Press <GRAPH> to see the regression line:

To perform a test of hypothesis:
Ho: [ 1=0vsHA:[1[10 or Ho:[1=0vsHp:[1010

Press <STAT>, highlight TESTS, and scroll down to F:LinRegTTest...
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LLT LHLL

ET2-FrorlInt...

i Xe-Test..

[1: Xe[0OF-Test....

F:2-SampRTest..
LinEegdTTest..
iLinkRegTInt....

H: AHOVATL

Complete the screen as shown below:

1hked] [est
Allstily
Ylistilz
Frex:l

B 2 P:EE <H rA
FedELI: Yz
Calculate

Select Calculate and press <ENTER>

1nked] [aest
=g+

E¥Hd and P#HE
L=Y.2a878
F=1.27HEE &
df=17. BEEA
La=223. 4555

We see that the computed t-value is 7.2870 and the p-value is 1.2700E 6,
therefore we reject H, and conclude that there is a significant linear
relationship between Y (Distance) and X (Year).
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To construct a 95% confidence interval for [] we select the test
G:LinRegTInt and we get the following result:

RECEIRGL
=g+

[, 43565, . VIES D
b=.5131
df=17. HEEA
=9, Fabo

. a=238%. 4556

The 95% confidence interval is 0.4356 < [1 < 0.7906

Demonstration of Central Limit Theorem

Program clt.83p
(https://www.ticalc.org/archives/files/fileinf0/99/9919.html

EEHTEHL LIMIT

THEOREEM
EAMFLE SIZE=Z5
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X 1s being sampled 99 times
from the uniform distrib.

Sample Size = 25

Men =.5 Variance=.0833

ITHETANDARD NORHAL
Eah=.018= [VYRER.=.8871

V—FI:?F-:_-H“
.

EIET OF C=-HaACEATon) n=etk
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