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Data Analysis Using Microsoft Excel

Introduction
The program SampleCalc (shori for Sample Calculater) calculates unbiased point estimates
and approximate confidence intervals of the prineipal population characteristice for each
specified variable and each category of specified attributes. SampleCale i3 a Microsoft Excel
Add-In developed by Peter Tryfos, Professor of Management Science, Faculty of
Administrative Studies, at York University, Ontario, Canada. It is assumed that the
observations arc entered in an BExcel worksheet and armmanged in the form of a table, the
columns of which correspond to the variables and attributes of interest and the rows to the
sampled elements. The editing of the data, and the coding of the variables, attributes, and
missing values, should take place before SampleCale is used. Before using SampleCalc, be
aware that the following additional information is required by each sampling method. Make
sure that this information is entered on the worksheet containing the observations or is
otherwise available before SampleCale is called.
1. Simple Number of elements in the population

Confidence level
2, Stratified Labels identifying the proups (strata)

Number of elements in cach group (gtratum) in the population

Confidence level
3. Two-Stage Labels identifying the selected groups (strata)

Number of elements in each selected group (gtratum) in the population

Numbes of slaments in the population

Numbes of groups (strata) in the population

Numbes of selectad groups (strata)

Confidence level
4, Cluster Labels identifying the sslected groups (strata)

Number of elemenis in the population

Number of groups (strata) in the population

Number of selected groups (strata)

Confidence lavel
It should be noted that the confidence intervals generally require large samples; however,
SampleCale does not check that this requirement is satisfied. Also, the number of categories
of an attribute cannot exceed 5.
The application of SampleCalc will be illustrated with the help of a simple example. It will be
essumed that a random sample without replacement of 10 honseholds was selected from the
population of households in a city. The observetions are emtersd in en Excel spreadsheet in
the manner shown below:
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The labels of the variables and atiributes are entered in the first row. HHNO stands for
household mumber, DISTRICT for the district identification (1, 2, or OTHER), SIZE for the
mumber of persons in the houschold, HHINC for houschold income, end HLANG for
language spoken at home (E: English, F: French). There ig a migaing value (an empty cell) in
eell D6,

Common First Steps

Enter the sample observationz {data} in the form of a compact table in an Excel worksheet.
The rows must correspond to the sampled elements and the columns to the variables and
atiributes of the study. It i3 strongly recommended that the first row of this table contain the
labels of the vatiables and atiributes. A missing value should be represented either by a blank
cell or one containing a period.

1. Click on any one cell of this compact fable.

2, In the Tools menu, click on SempleCalc. A dialog box entitled Data and Lahbels will
appear,

Diata and Labels
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HHNG
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. If the displayed cdata range and labels are correct, click the OK huiton and go to Step

If the displayed dats range or the labels are not comrect, or if the data do not have the
recommended formeat, click the Change button. In the two ensuing dialop boxes, select the
proper ranges for the data and the labels. The Data and Labels dialog box will reappear.
Click the OK button and go to Step 3.

3. The Method dislog box now appeers. Select the method by which the sample was
sclected and click either the OK buiton to proceed, or the Cancel button to abort SumpleCuic.
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The subsequent conversation with SampleCale depends on the sampling method selected.
Refer to the section corresponding to the method by which the sample was selected.
Method: Simple Random Sampling

To illustrate the spplication of SampleCale, it will be assumed that the observations were
selected by drawing a gimple random zample without replacement of 10 houscholds from
among the 2400 houscholds in the city. After selecting Simple in the Method box, the Simple

random sompling dialog box appears.
irraile randum acmpieg B

T | el i

1 In the dialeg box entitled Simple random sampling, enter the rumber of clements in the
population and select the confidence level. Then, click either the OK button to proceed, or the
Cancel button to abort SampleCaic.

2 The program will dieplay a message for your information to the effect that it i creating
the worksheet VRESULTS; acknowledge by clicking OK. A gimilar second message to the
effect that the program is creating the worksheet ARESULTS should also be acknowledged
by elicking OK. (VRESULTS will contain the resulis of caloulations concerning the selectad
variablex, while ARESULTS will contain the resnlts regarding the selected atiritmtes. )

3 Thes dialog box entitled Data analysis will now appear. To analyze one of more vatiables,
select the first option. To analyze one or more attribules, gelect the second option. To stop,
salect the third option. Click OK,
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- ey

If you choge io analyze one or mere variables, a dialog box entitled Selection of variables
will appear, Select the variables to be analyzed by clicking on their labels. (Clicking on a
label again cancels the selection. Clicking the Reset button cancels the entire selection.) Click
OK to proceed
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4 If you clicked CK, you will find that the VRESULTS worksheet now contains for each
selected variable the mumber of observetions with non-missing values, the estimates of the
mesn and total of the variable, the estimated variance of the varieble, the estimated standard
deviation of the estimate of the population mean, and the lower and upper limits of the
specified confidence intervals for the mean and total of the variable,
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If you chose to analyze one or more atiributes, a dislog box entitled Selection of Attributes
will appear. Select the atiributes to be analyzed by clicking on their labels in the first list box.
(Clicking on a label again cancels the selection. Clicking the Reset button cancels the entire
selection.) Click OK to proceed

Sabeckon of atohules [x]

Select st butes:

5 If you clicked OK, you will fingd that the ARESULTS worksheet now containg for each
category of each selected atiribute the mumber of observations with non-missing values, the
egtimates of the proportion and mumber in the category, the estimated standard deviation of
the estimate of the population proportion, and the lower and upper limits of the specified
confidence intervals for the proportion and number in the category.
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& If you chose to Stop, a message will appear remminding you to save the calculations before
leaving Exeel. Click OK to leave SampleCalc and retum to Excel. You may want to adjust
the colamm widihs of VRESULTS and ARESULTS im order to see the results more clearly.
(If you wish to delete the worksheets VRESULTS and ARESULTS, right-click on the tab of
the worksheet and select Delete from the pop-up memu.)

Method: Stratified Random Sampling

To illusirate the application of SampleCalc, it will be assumed that the city households are
grouped into three districts and that the observations were selected by drewing e simple
random sample without replacement of 2 households fiom among the 500 households in
District 1, one of 3 houscholds from among the 1100 houscholds in District 2, and one of 5
houscholds from among the 80{ houscholds in the district labeled Other. The labels and the
mumber of households in each district are entered in the same wotksheet as the sample
obaervations,

After selecting Stratified in the Method box, the Group labels dialog box appears.

1 In the diglog box entitled Group labels, select the range containing the labels of the
groups (strata). Click CK to proceed, or Cancel to abort the program.
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2 In the dislog box entitled Number of Pop. Elements, sclect the range containing the
mumber of elements in each group (strgtum) in the populstion. Click OK to proceed, or
Cancel to abort the program.
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3. Adiﬁlogboxmﬁﬂudﬁmupldmﬁﬁerwiﬂnuwm. Select the label of the column in
the table of data that identifies the group (stratum} to which each gampled element belongs.

Click OK to proceed, or Cencel to abort,
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4 A dialog box entitled First check of population and sample elements will now appear. It

showe the program’s understanding of the group (stratum) labels, and of the comresponding
rumber of elements in the population and sample. If yon obsetve an anomaly, click Cancel to

sbort SampleCale, check the data, and begin anew. If the program’s understanding appears
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5 In the dialog box entitled Stratified random asmpling, sclect the desired confidence level,
end click OK to proceed or Cancel to abort.
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6 information to the effect that it is creating the worksheet VRESULTS; acknowledge by
clicking OK. A similar second message to the effect that the program is creating the
wotksheet ARESULTS should also be acknowledged by clicking OK. (VRESULTS will
contain the resultz of calculations concerning the sclected variables, while ARESULTS will
contain the results regarding the selected attributes.)
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7 The dislog box entitled Data analysis will now sppear. To analyze one or more varisbles,
select the first option. To analyze one or more attributes, select the second option. To stop,

select the third option. Click OK.
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8 If you chose to analyze one or more variables, a dislog box entitled Selection of variables
will appear. Select the variables to be analyzed by clicking on their labels. (Clicking on a
label again cancel? the selection. Clicking the Reset hutton cancels the entire selection.) Click
OK to proceed, or Cancel to return to the Data analygiz dialog box.
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g If you clicked OK, you will find that the VRESULTS worksheet now comteing for each
selected variable the mumber of observations with non-missing values, the estimates of the
mean and total of the variable, the estimated stendard deviation of the estimate of the
population mean, and the lower and npper limits of the specified confidence intervala for the
mean and total of the variable.
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10 If you chose to analyze one or more atiributes, a dialog box entitled Selection of attibutas
will appear. Sslect the attributes to be analyzed by clicking on their labelg in the first list box.
{Clicking on a label again cancels the selection. Clicking the Resst buiton cancels the entire
selection.) Click OK to proceed, or Cancel to return to the Data analysis dialog box. If you
clicked DK, you will find that the ARESULTS workshest now contains for each categery of
each selecied attnbule the number of observations with non-missing valuss, the estimates of
the proportion and number in the category, the esiimated standard deviation of the estimate of
the population proportion, end the lower and upper limits of the specified confidence
intervals for the proportion and number in the category.
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11 If you chose to Stop, a message will appear reminding you to save the caleulations before
leaving Excel. Click OK to rehorn to Excel You may want to adjust the column width of
VRESULTS and ARESULTS in order to see the results more clearly

Method: Two-Stage Random Sempling

To illystrate the application of SampleCalc, it will be assumed that the 5000 city households
are grouped into gix disiricts and that the observalions were selecied in two stages. In the
first, three of the six disiricts wers selected at random and without replacement; these were
the districts 1, 2, and other, In the second stage, a simple rndom sample without replacement
of 2 households wazg drawn from among the 500 households in Digtrict 1, one of 3 households
from among the 1100 households in District 2, and one of 53 households from among the 300
households in the district labeled Other. The labels and the number of households in each
district are entered in the same worksheet as the sample observations.

After selecting Two-stage in the Method box, the Group labels dielog box appears.

1 In the dislog box emtitled Group labels, select the range comteining the labels of the
selected groups (strata). Click OK to proceed, or Cancel to abort the program.
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2 In the dialog box amtitied Number of Pop. Elemenis, select the ramge containing the
mumber of elemants in each selacted group (stratum) in the population. Click OK to proceed,
or Cancel to abort the program.
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3 I the dialog box entifled Two-stage random sampling, enter the mmmber of elements and
the mumber of groups (strata) in the population, and select the desired confidence level. Click
OK to procesd or Cance] to abort

4 A dislog box entitled Group Identifier will now appear. Select the label of the one column
in the table of date that identifies the proup {stratum) to which each sampled element belongs.
These labels should be consistent with those in Step 5; otherwise, an error messape will

eventually appear. Click OK to proceed, or Cancel to abott.
A
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5 A dislog box entitled First check of population and sanple slements will now appear. It
shows the program’s understemding of the labels of the selected groups (strata), and of the
corresponding mumber of elements in the population and sample. If you observe an anomaly,
click Cancel to abort SampleCale, check the data, and begin amew. If the program’s
understanding appears comect, click OK to procesd.
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6 The program will display for your information a mesgage to the effect that it is creating
the worksheet VRESULTS; acknowledge by clicking OK. A similar second message to the
effect that the program is creating the worksheet ARESULTS should also be acknowledged
by clicking OK,

7 The dualog box entitled Data analysis will now appear. To analyze ons or more variables,
select the first option. To analyze one or more attributes, select the second option. To stop,
select the third option. You can change the selection at any time before clicking OK. Click

OK to confinm your selection and proceed.
T |

L aralye Do stvibuies®

8§ If you chose to enalyze one or more variables, a dialog box entitled Selection of variables
will appear. Select the variablez to be enalyzed by clicking on their labels. {Clicking on a
label again cancels the selection. Clicking the Reset button cancels the entire selection.) Click
OK to proceed, or Cancel to return to the Data analysis dialog box.

g 1If you clicked OK, you will find that the VRESULTS worksheet now contains for each
selectad variable the mmmber of observations with non-misging values, the estimates of the
mean and total of the variable, the estimated standard deviation of the estimate of the
population mean, and the lower and npper limits of the specified confidence intervals for the
mesn and total of the variable.

MABTAT-21/ 11



TPk Bl Y bt Pt Joow Cale Wik Hep ]

DE S0 s Remr aE ot Ml Bwal e W
i wwalm ey FeEEE e R, WA EE A
- & Summany ol residls kor saniebios, bo-chage randam sampkng

CF I | O T < T 50 IO~ IS 0 O T O =
1 [ = _Summary f reeute for vanahies, hwesiage andam eamping |
4 D eonfideres ink 355 confidernse it
3 |Label Mo, Dbe, Bt MeanEst Totl E5b. Varta Bt $t00 Mean, lovwMean, upg Tabal, low Total, upger imit
iz 1 518 1t 1ETAALE [ TE14E3 4 IG0G5T | R07T 413 1250 E
i

10 If you chose to analyze ons or more atiributes, a dialog box entitled Selection of atiributes
will appear. Select the attributes to be analyzed by clicking on their labels in the first list box.
(Clicking on a label again cancels the selection. Clicking the Resst buiton cancels the entire
selection.) Click OK to proceed, or Cancel to return to the Data analysis dialog box, If you
clicked OK, you will find that the ARESULTS worksheet now containg for each category of
cach selected attribute the number of observations with non-misging values, the estimates of
the proportion and number in the category, the estimated standard deviation of the estimate of
the population proportion, end the lower and upper limits of the specified confidence
intervals for the proportion end number in the category.
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11 If you chose to Stop, a message will appear reminding you to save the calculations before
leaving Excel. Click OK to retum to Excel. You may want to adjust the column widths of
YRESULTS and ARESULTS in order to ace the results more clearly.

Method: Cluster Random Sampling

To illustrate the epplication of SampleCale, it will be essumed that a population consists of
500 city households grouped into 20 districts, end that the observetions were selected by
drewing a simiple random sample withowt replacement of three of the six districts; these were
the districta 1, 2, and Other. All the houscholda in the selected districts were interviewed.
After selecting Cluster in the Method box, the Cluster random sampling dialog box
appears.

1 Inthe dialog box entitled Cluster random sampling, enter the number of clements in the
population, the number of groups (strata) in the population, and the number of selected
groups, and select the desired confidence level. Click OK 1o proceed or Cancel to abort.

...............................

2 A dialog box entitled Group Identifier will now appear. Select the label of the one column
in the table of data that identifies the group (stratum) to which each sampled element belongs.
Click OK to proceed, or Cancel to abort,
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3 A diglog box entitled First check of population and sample elements will now appear. It
shows the program’s understending of the labels of the selected groups (strate), and of the
corresponding number of elements in the population and sample. If you observe an anomaly,
click Cancel to abort SampleCale, check the data, and begin anew. If the program’s
understanding appears correct, click OK to proceed.

Check group lebals, ard numbars of populaton and 3 mpls oEmands:;

a | Gl |

4 The program will display for your information a message to the effect that it is creating
the worksheet VRESULTS,; acknowledge by clicking OK. A similar second message to the
effect that the program ig creating the worksheet ARESULTS shonld also be acknowledged
by clicking OK. (VRESULTS will comtain the resnlts of calculations concerning the selected
variables, while ARESULTS will contain the results regarding the selected attributes.)

5 The dislog box entitled Deta analysis will now appear. To anslyze one or more varigbles,
select the first option. To anslyze one or more attributes, select the second option. To stop,
select the third option. You cen change the selection at eny time before clicking OK. Click

OK 1o confinn your selection and proceed.
Datn aeabesis il
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6 If you chose to enalyze one or more variables, a dialog box entitled Selection of
variables will appear. Select the varisbles to be analyzed by clicking on their labels.
(Clicking on a label again cancels the selection. Clicking the Reset button cancels the entire
selection.) Click OK to proceed, or Cancel to retum to the Data analysis dialog box.

7 If you clicked CK, you will find that the VRESULTS worksheet now containg for each
sclected variable the mumber of observations with non-misging values, the estimates of the
mean and total of the variable, the estimated stendard deviation of the estimate of the
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populetion mean, and the lower and npper limits of the specified confidence intervals for the
mean and total of the variable.
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& If you chose to snalyze one or more attributes, a dialog box entitled Selection of
attributes will appear. Select the attributes to be analyzed by clicking on their labels in the
first list box. (Clicking on 8 label again cencels the selection. Clicking the Reset button
cancels the entire selection.) Click OK to proceed, or Cancel to retam to the Data analysis
dialog box. If you clicked OK, you will find that the ARESULTS worksheet now contains for
each category of each selected attribuie the number of observations with non-missing values,
the estimates of the proportion and mumber in the catepory, the estimated standard deviation
of the estimate of the population proportion, and the lower and upper limits of the specified

confidence intervals for the proportien and number in the category.
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g If you chose to Stop, e message will eppear reminding you to save the calculations before
leaving Excel. Click OK to retumn to Excel. You may want to adjust the column widths of
YREBULTS and ARESULTS in order to ace the results more clearly

Glossary

Sampling With and Without Replacement: Sampling is said to be with or without
replacement according to whether or not an element or group of elements cen appear more
than once in the sample.

Simple Random Sampling: One method of selecting a simple random sample is by a series
of draws, in every one of which each eligible element has the sgame chance of being selected,
and each selection ig unrelated to (independent of) other selectiong. Such a sample i3 without
replacament if the element gelected in any draw is not eligible for selection im any subzequent
draw.

Stratificd random sampling: Requires that the elements of the population be grouped
according to ome or more criteria. A siratified random sample consisiz of simple random
samples without replacement from each and svery group (stratum),

Two-Stage Random Sampling: Requires that the elemenis of the population be grouped
according to ome or more criteria. Az the name implies, the sample is selected m two stages.
In the first, a simple random sample of groups (strata) is selected. Then, in the second stage, a
MASTAT-217 14



simple random sample of clements is selected from each proup (siratum} thet was selected in
the first stage.

Chuster Random Sampling: Cluster sampling can be viewed as a specisl cese of two-stage
sampling. A cluster sample requires that the elements of the population be grouped according
to one or more criteria. In the first stage, a simple random sample of groups (strate) is
selected. Then, in the second stape, alf the clements are sclected from cach group (stratum)
that was selected in the first stage.

Variables and Atiributes: A variable i3 a feature or aspect of an element that lends itwelf
naturally to a numetical description. For exanple, the age of a person, the income of a
household, the maxinmum tetperature in a day, ete. Unlike a variable, an altribute i3 a feature
or aspect of ah element that lends itself only to a categorical, qualitative—not nomerical —
description. For exampls, a person’s gender (male, female), a honsshold's location (i, say,
district A, B, or C), the indugirial classification of a mamufachurmg compamy, etc,

Population Characteristics; The population characteristics of graatest intevest in practice are
the mean or total of a variable, and the proportion or mumber in a category of an aitributs.
Point and Interval Estimates: Rather than, or in addition to, saying that a population
characterigtic iz ecstimated to bave such and such a valpe {the point estimate of the
characteristic), it may be informative to state that a certain interval is estimated to contain a
population characteristic with a certain probability. For example, instead of saying that the
population mean of a variable is estimated to be 7.3, it may be informative to state that the
population mean of the varigble is in the intervel from 6.5 to 8.1, where this statement is
correct with probability 95%. The probebility is often referred to es the confidence level and
the interval estimate a3 8 confidence imterval.

Unbinsed Estimates: An estimate (more preciscly, an estimator) of e population
characteristic is said to be unbiased if ita sverage value in a very larpe number of identical
samples is equal to the population characteristic.
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Statistical Computing Using Microsoft Excel

What is a Spreadsheet

A spreadzheet is a grid of rows and columms that helps organize, simmmarnize, and calculate
data. Spreadsheets are an everyday part of many professions, including accounting, statistical
analysis, and project management. You can use Excel to create business forms, such as
invoices and purchase orders, among many other useful documents. Microsoft Excel is a
spreacisheet program that is capable of performing thege opergtions along with many more
To open Microsoft Excel click on Start, All Frograms, and Microsoft Excel, Users of
Windows 7 or above may click on the windows imege available on bottom left comer and
type“Em:el”toﬁndMS Excel (Fig. 1).

Hg.l.StaﬂhnttonnnDuktnpanindmﬂ
Let’s look at the toolbars (Fig. 2).

E.: Book - o HE.NX

Fig. 2: M8 Excel toolbar

The picture above shows the Title Bar, In the middle of the toolbar name of the program and
the title of the workbook you are using iz shown, Since we have just opened up a new
wmkbmkandhavenntsa\rednwnhanamc.ﬂmdafauhhﬂmsﬂmkl

Fig. 3: MS Excel Ribbon
Next we have the Ribbon. The Ribbon has seven Tabs that give instructions to the software.
The Ribbon Tabs begin with Home end continne with Insert, Page Layout, Formulas,
Data, Review, and View. On the right-hend end, there is an icon for the Help Memu,
Minimize, Restore Down, and Close, Clicking on one of these Tabs will open the Group.
The Group that belongs to each Tab shows related Commend items together. You may then
choosge a Command.
Workbooks and Worksheets
When Excel is opened, a workbook appears with three worksheets. Each worksheet contains
columns end rows. There are 1,048,576 rows and 16,384 columns. The combination of a
column coordinate and a row coordinate make up a cell address. For example, the cell located
in the upper left comner of the worlasheet is cell Al, meaning column Aand row 1. The cell
address is vigible in the Name Box.
Place your curser in the first cell, Al. The formula bar will display the cell address in the
Name Box on the left side of the Formula bar. Notice that the address changas as you move
around the sheet You can easily move from cell to cell by pressing tab or using the ammow
keys.
A eell ean contam any of the following:
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« A mumber (end eny sssociated punctuation, such 8z decimal points, commes, and
currency symbols).

» Text (including any combination of letters, numbers, and symbols that aren't number-
related).

= A formula, which is 2 math equation.

= A funetion, which is a named equation that shorteits an otherwise complex operation.
Creating a New Workbook

It i3 easy to create a new workbook! Simply, click on File— New and click on Blenk
Werkbook to create a new workbook.

Creating a New Worksheet

Creating a new worksheet iy just as casy. By defanlt, cach Exce]l wotkbeok containg three
worksheets, Three tabs displaying Sheer I, Skeet 2, and Sheet 3 will be displayed at the
bottom of the workbook to indicate the separate sheets. Microsoft office 2013 shows only one
worksheet with a circled plus sign for adding new worksheets, To add a new workshset,
simply click on the tab afler the tab that says Sheet 3.

Navigating and Selecting

Moving around a worksheet iz easy! You can easily move from cell to cell by using the arrow
keys or pressing tab (will move the cursor to the right) or shift-tab (shift-tab will move you to
the left). You can also nse yvour mouse to click within a cell which will select that cell.
Sometimes you will want to select 8 range of cells.

A ramge is a group of one or mote cells. If you select more than one cell at a time, you can
then perform actions on the group of them at once, such as applying formatting or clearing
the comtents. A renge can even be an entire worksheet.

A range i8 referenced by the diagonsl corners i.e. upper left end lower right cells. For
example, the range of cells B1, B2, C1, and C2 would be referred to as B1:C2.

To select a range:

» Using the Mouse: Drag across the desired cella with the left mouse button held down. Be
careful when you're positioning the mouse over the first cell (before pressing the mouse
button). Position the pointer over the eenter of the cell, and not over an edge.

If you drag while the pointer is an the edge of the cell, Excel interprets the selection as a
move operation and whatever is in the cell(s) is dragged to a different spot.

+ Uting the keyboard: Select the first cell, and then hold down the Shift key while you
press the arrow keys to expand the zelection area

To zelect a non-rectangular or noncontiguous range, select the first portion of the remge (that
is, the first rectangular piece}, and then hold down the Cirl key while you select additional
cells/ranges with the mouse.

To select an entire column, click the columrm header (where the lstier is}. To select an entire
row, click the row header (where the mumber is). You can click one row or column and then
drag to select additional columns, or hold down Cirl as you click on the headers for non-
contiguous rows endfor colnmms.
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Entering and Editing Data

Let's leam how to enter data into your worksheet. First, you place the cursor in the cell in
which you would like to enter data. Then you type the deta and press Enter.

You can also edit information in a cell by deubleclicking in a cell or by clicking in the
formmla bar for editing the active cell. You can try these two eptions for yourself.

Inserting Columns and Rows

If you don't plan your worksheet layout correctly, you might end up with too many or too few
rows of columns in a certain area. You can always move data around in the sheet to help with
this, but sometimey it's casier to simply ingert of remove colmnmg of Tows.

Formatting Columns and Rows

Often you will need to chanmge your columns and rows in order for text to fit or for the text to
fit on the page comectly, There are a number of different methods one can use to do this,
Let’s giart with columns,

Column Wikdth: The formatting that is umique to columns is Column Width, Column
Width is measured in characters. A colymn's width can be from 0 to 255 characters, which is
a really wide column! Decimal values are allowed. In fact, the default size is 8.43 characters,
A width of 12, for example, means the column is wide enough for 12 average characters,
using whatever you choze as the Standard font. The default is Calibri 11 pts. To change the
font from the default, go to Tools-Options-General-Standard font.

Column Width

Be carcful when you set a column's width with AuteF¥. The column may wind up wider than
you expected. Any text will be on a single line in ita cell. No matter how long the text is! If
you eccidentally find you've widened a cell out of sight 1o the right, use Undo. (my favorite
buttonl) Then resize the column with another method.

Column Width - Drag

Dragping ia a natural method of adjusting column width. But aince you can't see the change
until you release the mouse button, it may take yom several attempts to get a astisfactory
width.

Row Height

The only unique formatting for rows is Row Helght. Row Helght iz meazured in points, like
font size, from O to 409 points. A row height of zero hides the row.

The defaualt setting for Row Helght is AwtoFif. The row height adjuzis to the largeat font size
in the row.

AutoFit will leave a little white space, called the cell padding, between the text in the cell
mnd the cell edges. When Arial 10 pt. ig the Standard Font, the Row Height is 12.75 points.
You may find that thiz looks a bit crowded when the gridlines are shown. If you don't primt
the gridlineg, your paper version will look OK.

Moving to a New Worksheet

In Microsoft Excel, each workbook is made up of several worksheeis. Before moving to the
next topic, let's move io a new worksheet. You can move from worksheet to workshest by
clicking on the tabs at the bottom of the worksheet. Let's move to Sheet 2.
Formaiting Text and Data

Once information has been entered into a cell, you might want to change or enhance the way

meinfomaﬁmisdisphMTﬂt%AWhmemwayﬁﬂmmsh



Microsolt Word or PowerPoint. Most of the formatting choices can be found in the Font
grouping under the Home tab. There are numerous ways to format date. Let’s look at some.
First remembet to always make sure that the cell yon want to format is selected.

Using Formatting Buttons— On the Ribbon, make sure the Home tab is gelected. In the
Number Group box, there are several buttons which allow ane-click formatting,

Notice how each mimber changes depending on the formatting,

General -

$ % » K

oo
Pl =1
oo

Mumber I

Fig. 4: MS Excel Formatting

Formatiing Numbers

Let’s look at other formatting options.

After Formatting

Let’s change it to a dollar amount.

Make sure that the curgor is in eell AS.

Right-click again_

Click on Format Cells.

Click Currency in drap down menmu.

5. Look at the options available ihclnding corrency symbols.
Deleting vs Clearing a Cell

M=ny begmners get confised about clearing versus deleting in Excel, 50 let's look at this
concept briefly. When you clear the conient from a cell, the formatting for that cell is still
thers, It may be helpful to think of an Excel worksheet as a stack of empty cardboard boxes,
cach one with its open side facing you. You can put something into a cell or take something
out. When you take something out of a cell, it's called clearing its content. The cell itself
remaing in the "stack, "but it's now empty.

o | Fill=

P hi e

Som & Find
Clear » Fiter = Seled
Clear All
..- Clear Formats
Clear Contents

Clear Hyperlinks

Fig. 5: MS Excel Clear options

To clear the content from a cell:

1. Press Delete on the keyboard.

2. Right-click the cell and then select Clear Centents.

3. On the Home tab, in the Editing group, select Clear > Clear Contents.
Unfortunately, clearing a cell's content doean't clear its formatting,

To clear formatting:
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1. Onthe Home tab, in the Editing group, select Clear > Clear Formats

2. To clear both contents and formats et once, select Clear All.

In contrast, deleting the cell removes the cell ftself from the stack and mekes the surrcunding
cells shift. Think about what happens when you pull a box out of a steck of boxes—the boxes
above it fall down one position, right? It's the same thing with Excel cells, except it's reverse-
gravity (cells fall up rather than down), and you have the choice of making the remaining
cells shift up or to the left. Let’s look at how this works.

Filling Cells Automutically

You can use Microsoft Excel to fill cells automatically with a series. For example, youn can
have Excel sutomatically fill in times, the dayy of the week or monthy of the year, years, and
other types of series. Days of the week and months of the year fill in a gimilar fashion.
Merging Cells

Somgtimes, rather than having text wrap in & cell, you will actually want the text to nm
across the width of the data, Usually when making a spreadsheet, you need to create a
heading for the sheet. This heading should run across the width of your data. To do this, one
must merge the cells acrogs the width of the data.

Performing Calculations

Let’s add a column of numbers using the AntoSum Buttony'. To select the AutoSum button
choose Home> Editing™>3 and automatically add a column of numbers.
What's 2 Formula?

A formula is an equation that performs some type of operation and issues a result. In Excel,
formmlas always begin with en equal sign. Here are some formula examples:

» =2+ This formmula is strictly math. If you place this formula in 8 cell, the cell displays 8.
+ =A]+6: Same as the preceding, but this time you're adding 6 to whichever value is in cell
Al and displaying the result in the cell into which you enter this formmla. This formula does
not change Al's contents.

» =Al+A2: Same thing again, but you're adding the contents of cell Al to the contents of
cell A2,

» =Al+A2-A3: In this example, multiple cells are referenced.

Here are the symbelg you cen use in formulas to indicate mathematical operations:

+: Addition

-: Subtraction

*: Multiplication

f: Davision

More Formuln Exnmples

The math operators in Excel have an ornder of operation, just like in regular math. The order
of operation is the crder in which they're processed when multiple operators appear in the
same formula, Heve are the rules that detenmine the order:

1. Any operations that are in parentheses, from left to right

2, Multiplication (*) and division (/)

3, Addition (+) and subtraction {-)

Parentheses override everything and go first. So, if you need to execut: an operation out of
the normal nrder,]muplaoeitinpm%l&*%‘stymfmmﬂamlﬁﬁumfﬂ



to cells and use math operations. For this exercise, enter the following values in cells in a
blank worksheet:

Al 12A2:6 A4 A4 Y

Printing

Let's prepare to print! If your worksheet i8 more than one printed page, it is possible to
have the heading on cach page by poing to the Page Layont tab, in the Page Setup group
and click Print Titles.

B Y Em EH

Margins Orientation EIIE F'rlnt re Background Print

T ki ~  Area- Titles
Page Setup Ia

Fig. 6: MS Excel Print area setting

On the Sheet tab, under Print Titles, do one ot both of the following:

In the Rovs to repeat at top box, type the reference of the rows that contain the column
labels if you want the heading repeated on each page.

In the Columms to repeat at left box, type the reference of the columna that contain the row
labels if you want those to show.

We want onr sheet to print with no gridlines, and centered horizonially across the page,
but not vertieally. Let’s go the Page Layout > Sheet Options. There should not be a check
unider Print in the Gridline section.

Make sure that you have checked youn spelling and made any necessary corrections. Click on
the Office Botton and Print>Print Preview (Alwayz do a print preview in Excel!). Click on
Page Setup>Marping and make sure that there it a check mder “Center on Page”™
>horizentally. Now let's print!!!

e N
Fig. 7: MS Excel Print options
- —>
Recognizing Cursor Styles
< Clhick and dmg o X | Click and drag with thig
highlight myltiple cells cursor o fill  cell
with thiz cursor, or click contents into cells
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in 8 cell to select the below or to the right.

single cell

Click and drag the xv &]] ° Click to place the
¥ contents of the selected cursor into the Fornmla

eell to any other cell. bar so that you can edit

an equation o fanction.
There ate four common cursor styles nsed in Bxeel.
Common formula etrors
Hete ate some of the most common mistakes people make when entering fortrmlas and
fimetions:
« Not putting in all the required arguments; If a function is expecting more argumenis than
you have entered, and you get a dialog box, be sure you've placed commas bstween the
arguments and that you haven't overlooked any.

elerence (a0 ke & Tarmuls trok refers 1o s awn odl valug, o refers to 3 cdl dependent o B35 o

Careful we Tound e a1 mons (DU references in pourwarkiooal That mighi e poar fammmuiss 1o clcuisted
i FFi & cinoula

[ Haip

Fig. 8: Error due 1o circular reference in MS Excel

» Circular references: If you refer to the cell's own addresz in a function, you create a
circular error, which is like an endless loop. Suppose that you enter =A1+1 inte cell Al.
Youll get an etror message like the one below. If you elick OK at thiz message, a Help
witdow appears to help you find the problem.

s Text ih m argnment: Most funclions tequire tumetic arguments. If you enter text ag mm
argument, for exampls, =SUM{text), the word #NAME? appeary in the cell. Thiz happens
because Excel allows you to name ranges of cells using iext, 3o technically =SUM(text) isn't
an invalid function, It is invalid only if there's no ramge that has been assigned the name
“text.”

¢ Hash marks (##5#} in a cell: This happens when ihe cell isn't wide enough to display its
value. Widen the column to fix this.

If you receive an error when copying a fonmmla, don't panic; it happens to everyone, Use the
skills you leamed earlier in this chapter to display the formulas and then check them for the
commen errors discussed here.

Using Functions in Excel

Let us see the use of Excel to get ssmple statistics and how to meke a histogram. You will
learn how to use Excel formmlas and take advantage of the formmla lookup function.

There are two ways to start Excel. The first is to open an Excel file {extension .xl8 or xlsx).
The second is to open the program directly from the menu bar. Open Excel and type the date
below into the spreadsheet. Save the file a5 the “teat data” in a folder.

1. Get the average of these scores by typing thie formula into the cell B12:
“=gverage(B2:B11)” and hitting enter.

2, Get the median of the scores. This time use the “Insert” -> “Function™ menus to select
the median fimetion. These menos can be helpful when you den't remember the exact
command for a fimetion.

3. Gﬂﬁemnde.ﬂmyuugnmsmm%mz



4, Calculate a column of deviation scores in column C. First, type the formmls “=B2-
3.02” into cell C2. Then highlight the cell, click “copy”, highlight the rest of the colnmn, end
click “paste.”

5. Calculate a colummn of squared deviation scores in column D.

D W File Edit View Insert Format Tools
A = fARET 38 »HP S o-
| |Student GPA ! e % o B =[-mzanz
2 |Ben LR 0
3 |Maria ] ] ] == )
4 | Sameer 2.7 :I_n:ﬂ“ e o otk I::I ot
S |Ofivia 39 3 _Heris B
6 |Kate 24 = T £s
7 | Jabn 4.1 o L4
8 |Chris i9 B b 2%
3 |Sarah S o 22
10 |lan 5.1 :; bene 12
11 |Irens 1.2 IF HEAR
12 e —
iz "
A | E ! L I T |
Student GPA Deviation Score Squared Deviation
Ben 3.1 0.08 =(c2)rz|
Maria 35 0.48
Sameer 2.7 =032
Olivia 39 0.38
Kate 2.4 =062
John 4.1 1.08
Chris 29 =012
Sarah 33 0.28
lan 3.1 0.08
lrene 1.2 -1.82

You can then get the sum of squared deviations, the variance, and the standard devietion from
column D,

In cell D13 put “=sum(D2:D11)”

In cell D14 put “<D13/9”

In cell D15 put “=sqrt(D14)™
Make sure you understand wiy those formulas yield the SS, variance, and standard deviation.
6. Of course, there is a faster way to calculate the 8S, the variance, and the standard
deviation directly nsing Excel commands for these statistics. See if you can do this using the
“Insert->Functien” menus. (Hint: look for sums of squared deviations under D not 8).
7. What if you wanted to get other measures of pogition for each score? (You've already got
deviation scores). Lei's gei percemtiles for each score In E2, type this formula:
“=percentrank(3A$2:3A$11, A2)”. The range of cells before the comma tslls Excel which
cells contain the full dataset. The cell after the comma tells Excel the value for which you’d
lika to get a percentile. The dollar signs tell Exeel that when you copy and paste the formula,
those cell references should remain absolute,
8. Let’s get z-scoreg for each score. Figure out two different ways to do this on your own
(step by step using nultiple columms and quickly using a single formula).
9, Show that the z-scores do not change when you add a constant to each score or multaply
each score by a constant,
10. What if we wented to look at the inter quartile range? To do this, we need to identify the
ZiﬁdeSﬁpﬂtmﬁles. In (8) we went from scores to percentiles. Now we want to do the
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reverse. Somewhere in your worksheet, type “—percentile(A2:A11, .25)”. This will give you
Q1 (the 25% percentile). Use the formula to get Q2 (50™ percentile or median) and Q3
(75" percentile).

Of course, in Excel there are multiple ways to accomplish the gsame thing. Check out the
MEDIAN () and QUARTILE () functions.

11. How would the box-plot look for thie data?

12. Use Excel to make a histogram

Click on Tools =» Data Analysis. A new window should open, scroll down to Histogram,
click OK. The dialogne box will ask you for an ingrut range, a bin range, and other stuff. For
the put range, highlight the column of data points in colwrm A (or type the cell range
directly). Leave the bin range blank for now — Excel will determine the bin gizez for you.
Don't forget to check off “Chart output” so that it gives you a chart, that's the whole point,
Hit OK and see what happens.

Get 1id of the spaces between the bars by highlighting the chart, then double clicking on the
bars themselves, A new window should open, use the tabs to choose “Options”™ and it will ask
for overlap and gap width, Overlap is vsually zet to O and Gap width is usually zet to 150,
Change Gap width to zero. Resize the histogram by clicking on the white area suwrounding
the chart, then dragging one of the comers down.

How many intervals would be best for thiz data? A number that neither hides too much
information nor presents too much information. Too meny intervals produce 8 histogram that
is cumbersome and & poor summary of the dete; too few produce a histogram that feils to
summaerize because it loses too much important detail. Remember; it's a judgment call,

To find the optimal bin width, consider the range of data by sorting (highlight the data, go to
the Data men, and choose Sort). Check out the minimum and the maximum. Think about
what intervals could be used for this data set. Take these points into consideration:

. all intervals should be the game width

. the enfire range thould be covered

. the bottom score of each interval should be a multiple of the interval width (e.g. if the
interval width is 5 You should not start at 12 but rather at 10)

. the interval should reflect the conventions of the rescarch arca and make sense
{especially make sense)

Now, try setting the intervals yourself. To do this, you need to create a column thet contains
the values you went on vour x-axia (the “bin bottoms™). Then find the Histogram dialopue
box again, enter the input range, and then move the cursor to “Bin range” and highlight your
bin column. Hit return. Did it work? Try again with different bins. What information are you
loging? What are you gaining? Find an optimal bin interval and describe why you think it’s so

good.
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Hypothesis Testing in Excel

Hypothesis testng refers to the process of chooslng between competing
hypotheses about a probability distribution, based on observed data from the
distribution. It is a core topic In mathematical statistics, and Indeed is a fundamental
part of the lanpuage of statistics. In this chapter, we study the basics of hypothesis
testing, and explore hypothesis tests in some of the popular test using Excel.

Test 1: Z-test for a population mean (variance known)
Object: To investigate the significance of the difference between an assumed population
mean 4, and a sample mean ¥

Method: From a population with assumed mean x4, and known variance o*, a random
sample of size n is taken and the sample mean x calculated. The test statistics

_F i
= olin
may be compared with the standard normal distribution using either a one or twao tailed
test, with critical reglon of slze
Limitations:

1. It is necessary that the population variance o*1s known.
2. The test Is accurate If the population s normally distributed. If the population is not
normal, the test will still give an approximate guide.
Example:
For a particular range of cosmetics a filling process is set to fill tubs of face powder with
4 gm on average and standard deviation 1 gm. A quality inspector takes a random
sample of @ tubs and welghts the powder In each as follows: 3, 5,4, 3,4, 7, 5, 6, 5. what
can be said about the filling process?
Solutlom: H =u=x =4, o=1

H =pg>4 (Une Tailed)

H, = g <4 (One Talled)

H, = g+ 4 (Two Talled)
To apply Z-test for the above, we proceed in the following steps:
Stapl: First of all, enter the data ie. the weights of 9 tubes as follows:
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$tap3: select a function z-test
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Step 4: In Array, means the data given, so select data from A2:A1D, the value of X is the
value of population mean at which testing is to be performed, so select 4 and Sigma ie.
the standard deviation which Is 1 in this case.
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Step 5: click ok, we get the p-value of z test.
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P-value for z-test is (.022750132 (One Talled). Their is no inbuilt function in excel to
calculate the two-tailed p value for z test, however one can calculate manually the p-
value for two talled test as follows: 2* MIN(ZTEST(A2:A11,4,1), 1 - ZTEST(A2:A11,4,1))

i
which becomes 0.0455..
R R T »
ey W 5 i
Find
= TEST = o T =2 * RAIM[ZTEST(A2:A10,4,1], 1 - TTEST[AZ:A10,4,1)) -
B 4 { =] E L H I
1 ¥
2 3|
E] 5|
4 a|
5 3| Ty Taled =2 AN ATEST A 4,10, 1 - ZTESTIAL - AT ,-"I,1=£
G 4|
7|
& 5|
o b:
1k 5
11 0022750132
12
13
14
15
16

Lhostl st

Interpretation of output: Since, for one talled p-value=0.02275<0.05, hence we reject
the null hypothesis against one tail alternative as well as for two tiled alternative.

Remark: Note that, in the case variance ¢ (standard deviation & ) is not known, we can
use its estimate ie. sample variance s (sample standard deviation s) in place of
variance o (standard deviation o ). Also, hawever z is test is use in the case of large
sarnple {n>=30), in the above example sample size is just 9, so don't bother about this.

We have taken small sample for ease only.
Test 2: z-test for two populations means (variances known)

MABTAT-21/20



Object: To investigate the significance of the difference between the means of two
populations.

Limitations:

1. Both populations must have equal variances and this variance o must be known.

{If o* is not kmown, apply the t-test for two populations means)

2. The test s accurate {f the populations are normally distributed. If not normal, the

test may be regarded as approximate.

Method: Consider two populations with means x andg,. Independent random
samples of size », and =, are taken which give sample means x, and x, . The test statistic

7. (8-%)-(1-m)

o .%

I
may be compared with the standard normal distribution using etther a one or two talled
test
Example: The values of two samples of 35 and 40 members are
Sample 1 (in inches): 60.37 67.60 64.29 66.98 66.98 £7.87 65.44 64.18 66.59 63.57
64.72 70.33 69.53 63.57 66.86 69.41 67.23 67.03 68.46 68.31 64.61 6B.79 65.76 71.21
62.35 66.96 66.76 64.24 66.51 65.45 73.36 67.30 66.02 6697 71.13
Sample Z (in inches): 60.87 68.10 64.79 67.48 67.48 68.37 65.94 61.68 67.09 64.07
65.22 70.83 70.03 64.07 67.36 69.91 67.73 67.53 68.96 68.81 65.11 69.29 66.26 71.71
62.85 67.46 67.26 61.74 67.01 65.95 73.86 67.80 66.52 67.47 71.63 66.27 67.02 68.38
69.91 69.94
Can the samples be regarded as drawn from the same population of standard deviation
2.5 Inches?
Solutlon: We are given: #,=35 and »,=30
Null hypothesis: H,=u =u and o=25le the samples have been drawn from the

same population of standard deviation 2.5 inches.
Alternative hypothesis: M, : 4 > 4, (One Talled)
H, : 4 <4, [One Talled)
H, : gy # i, (Two Tailed)
Now, to apply z-test, we proceed in the following steps:
Step1: First of all, enter the data e, the values of two samples as follows:
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Step2: Click on Data — Data Analysis — select z test- two sample from mean as follows:
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Step3: Click ok, Input variable 1 Range, variable 2 Range, Hypothesized mean difference
{0 in this example under null hypothesis), variable 1 and variable 2 variance (both are
equal to 2.5 our case), Alpha (the level of significance), output option {provide output
range if one wants to be putput on the same sheet].
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Description of output: Since, calculated value of mede z in 13 row (for one tailed test}
Is greater than 1.644853627 (Le. critical value for one tailed test at 5 percent level of
significance]). Same evidence is also found from p-value=0.042620045<0.05, Hence, null
hypothesis is rejected for one tailed test at 5% level of significance. Now, for two tailed
test, since calculated value of mode z (-1.721059156) is less than 1.959963985, hence
we accept null hypothesis for two tailed test i.e. the two sample can be regarded from
sarne population. Same evidence is also osbserved from p-value as p=0.08524009>0.05.
Test 3: f-test for two populations mean (Iindependent sample and variances
onknown)

Object: To investigate the sipnificance of the difference between the means of two
populations.
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Method: Conslder two populations with means g and g, . Independent random
samples of size
n, and 71, are taken from which sample means X, and X, and variances

F] 1 —4 2 1 a2
=—E -x ) and _——s: -
5, | (x, xl) 5, N (x, xg)

The test statiste is ,=(il"—‘z)z‘(a”1-!&)
J—*_:+£
non

which may be compared with Student’s t-distribution with degrees of freedom
m+m—2

Limitations:

1. If the variances of the populations are known, a more powerful test is available: the Z-
test for two population means.

2. The test is approximate if the populations are normally distributed or if the sample
sizes are sufficlently large.

3. The test should only be used to test the hypothesis g4 =2

Example: Below are glven the galn in welghts (In lhs.) of plgs fed on two diets x
and y.
Gain in weight
Dietx: 25, 32, 30, 34, 24,14, 32, 24, 30, 31,35, 25
Dilety : 44,34,22,10,47,31,40,30,32,35,18,21,35,29,22
Test if the two diets differ significantly as regards their effect on increase in weight.
Solution:
Null hypothesls: Ho: 4 =g ie. there is no significant difference between the mean
increase in weight due to diets A and B.
Alternative hypothesis: x4 # i, (two tailed)
To apply t -test for the above, we proceed in the following steps:
Stapl: First of all, enter the data ie. the value of sample:
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Step2: Click on Data —Data Analysis — select t test: Two Sample Assuming Unequal
Variance —click ok
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Stap3: Click ok, Input variable 1 Range, variable 2 Range, Hypnﬁesmed mean difference
{0 in this example under null hypothesis), Alpha (the level of significance), output
opton  (provide output range if one wants to be output on the same
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3 Variable 1 |Variable 2
4 Mean 28| 30875
5 Wariance 3454545 10625
& Observations 12 16
T Hypothesized Mean Difference 0
& df 23
§ t5tat -0.93182
10 P[T==t) one-tail 0.18017
11 & Critical one-tail 1.708141
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Description of output: Since, calculated value of mode t (0.93182) in 9% row (for one
talled test} is less than 1.708141 [le. critical value for one tailed test at 5 percent level
of significance). Same evidence is also found from p-value=0.1807>0.05. Hence, null
hypothesls Is accepted for one tailed test at 5% level of significance. Now, for two talled
test, since calculated value of mode t (0.93182) is less than 2.059539, hence we accept
null hypothesis for two talled test lLe. the two samples can be regarded from same
population. Sarme evidence is also ohserved from p-value as p=0.360341>0.05.

Test 4: -test for two populations mean {dependent sample) or Paired t-test:
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Object: To Investigate the significance of the difference between two population
{dependent) means, i and g&,. No assumption is made about the population variances.

Method: The differences d, (x,—y,) are formed for each pair of observations. If there
are n such pairs of observations, we can calculate the variance of the differences by
" Z
s =$§(d, ~d) where 3=5%,-%,
Let the means of the samples from the two populations be denoted by X and x,then
the test statistic becomes
d ~f
5 {. J; »-1
which follows Student’s i-distrfbution with n — 1 degrees of freedom. The test may be
either one-tailed or two-tailed.
Limitations:
1. The observations for the two samples must be obtained in pairs. Apart from
population differences, the observations in each pair should be carried out under
identical, or almost identical, conditions.
2. The test Is accurate if the populations are normally distributed.
Example: Below are given the gain in weights (in 1bs.) of pigs fed on two diets x and
¥-

=

{ain in weight
Dietx: 25, 32, 30, 34, 24, 14,32,24, 30, 31,35, 25
Diety : 44, 44,34,22,10,47,31,40,30,32,35,18
Test if the two diets differ significantly if same set of 12 plgs were used in both the
foads
Solution:
Null hypothesis: Ho: g =z Le. there Is no significant difference between the mean

Inerease In welght due to dlets A and B.

Alternative hypothesis: x4 # 4, (two tailed)

To apply t -test for the above, we proceed in the following steps:
Stepl: Pirst of all, enter the data Le. the value of sample:
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Step2: Click on Data —Data Analysis — select t test: Paired Two Sample for Means
-click ok
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Step3: Click ok, Input variable 1 Range, variable 2 Range, Hypnthesized mean difference
{¢ in this example under oull hypothesis), Alpha (the level of significance), output
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opton (provide output range If one wants to be output on the same sheet}.
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Descripton of output: Since, calculated value of mode t (1.08102) in 10% row (for one
tailed test} is less than 1.795885 (ie. critical value for one tailed test at 5 percent level
of significance). Same evidence is also found from p-value=0.151409>0.05. Hence, null
hypothesis is accepted for one tailed test at 5% level of significance. Now, for two tailed
test, since calculated value of mode t [1.08102) is less than 2.200985, hence we accept
null hypothesis for two tailed test ie. the two samples can be regarded from same
population. Same evidence is also observed from p-value as p=0.302818>0.05.

Test 5: F-test for two population varfances (variance ratio test)
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Object: To investgate the significance of the difference between two population
variances.

( Yo Vaswearny, )fmlm the two populations, the values of

s ly o1 SR UL PR T U PRy
xl_"lzx' }'z—uxz.?, ! _u,—lg(x‘ -7‘) o _H,—lg('ﬁ J’)
can be calculated. Under the null hypothesis that the variances of the two populations

are equal the test statsHe F=5"/s,'follows the Fdistribution with

{#,—Ln, —1) degrees of freedom. The test may be either one-tailed or two-tailed.

Limitations: The two populations should both follow normal distributions. (It is not
necessary that they should have the same means.)

Example: Two random samples are glven as follows:

A: 25,32,30, 34,24, 14, 32, 24, 30, 31, 35, 25

B: 44, 44, 34, 22, 10, 47, 31, 40, 30, 32, 35, 18

Test whether the samples come from the same normal population at 5% level of
significance.

Solution:

Null hypothesis: Ho: o’ =o,’

Alternative hypothesis: o;’ « o, (two talled)

To apply F-test for the above, we proceed in the following steps:

Stepl: First of all, enter the data ie. the values of sample:
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Step2: Click on Data —+Data Analysis — select F test: Two Sample for Varlance —click ok
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Step3: Click ok Input variable 1 Range, variable 2 Range, Alpha (the level of
significance), output opton (provide output range If ohe wanits to be output on the
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Description of output: Since, observed p-value p=0.2171<0.05, 50 the null hypothesis
may be accepted at 5% level of significance and hence samples cannot be regarded from

same population.
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Exploring SPSS

SPSS is a comprehensive and flexible statistical analyzis and data management tool. It can be
used te generate tabulated reports, charts, and plots of disiributions and trends, descriptive
statistics, and conduct complex statistical analyses. SPSS iz used in every field, including
telecommunications, banking, finance, insurance, healthcare, manufacturing, retail, consumer
packaged goods, higher education, govettmment, and research.

The objective of this presentation is to equip a rescarcher with the power and feature of
SPSS. In view of this, it iz necessary to understand the difference between:

- Quantitative and qualitative data

. Primary and Secondary data

. Data and Information

Quantitutive data are anything that can be expressed as a number, or quantified, Examples of
quantitative data are scores on achisvement tests, number of hours of study, or weight of a
subject. These data may be represented by interval or ratio scales and lends themszelves to
Qualitative data cannot be expressed ag a mumber, It is basically categorical measurement
expressed by meang of a natural language description. This type of data cannot be meagured
but it can be observed. For example, gender, socio economic status, religious preference are
usuelly considered to be qualitative data.

Both types of data ere valid types of messurement. Only quantitstive data can be analyzed
stetistically.

Primary Data means original date that has been collected apecially for the purpose. It mesns
someone collected the data from the original source first hand. Data collected this way is
called primary data.

Secondary data is date that has been collected for another purpose. When we use Statistical
Method with Primary Data from another purpose for our purpose we refer to it a8 Secondary
Data, It meang that one’s Primary Data is another's Secondary Data. Sccondary data iz data
that is being rensed. Usually in a different context.

Data is raw, unorganized facts that need to be processed. Data can be something simple and
seemingly random and useless until it is organized. Each student's test score iz ene piece of
data. When data is processed, organized, structured or presenied in a given context so as to
make it usefil, it is called informatiom The average score of a class or of the entire school ig
information that can be derived from the given data

Scope of SPSS

SPSS is suitable for data that comes under the category of Primary and Quantitstive data.
Qualitative data may also be used, in case; it is converted Into quantitative data,

Three basic sieps are necessary to explore SPSS:

. Data preparation

. Data Management

. Date Analysis

» Programmer, G B Pant Socisl Science Institute, Allahabad.
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Data Preparation

Considering the factor of Primary data, it is necessary to develop instrument for the survey.
The survey instrument consists of four types of questions:

Open ended questions that give rich information but are difficult to quantify. For example,
agking the respondent for suggestions in improving the quality of life or feedback of
participants regarding this workshop.

Closed ended dichotomous questions offer enly two responses from the respondent. For
example, asking the respondent for whether he/she iz martied or whether he/she has accessed
his voting rights during election.

Single/Multiple cholee questions offer respondent to pick one or motre options given to him
for hg/her answers.

Scaled responses are used for respondents when a range of discrete values are givem to
him/her for response. For example, asking the respondent about his’her view whethar Crime
is evil of society, The options are strongly disagree, Disagree, Neutral, Agres, Strongly agree.
It is also suggested that while developing instrument following measures should be taken im
account;

* Plan a user friendly format

* QGather demographic data

*  (uarantee anonymity

« Ensure ease of tabulation

« Ask well-phrased questions that can enswered

*  Develop for completeness

= Pilot test the instrument

Before moving to SPSS, it is necessary to collect all questicmnaires for coding, When coding
is complete, one can start working with SPES.

First step is to create variables (each question is converted into variable) under Variable View
of SPSS. Care should be taken while creating variable as one has to fill cach attribute of the
variable, The basic atiributes are:

Name: A guitable variable name for the question.

Type: Whether the responge is numeric/string/date etc.

Width: No. of digits required.

Label: Description of variable.

Value & Valoe Labal:  Caode & detail about the options available for responses
Missing: How to hanslle the responses which comes under No response or
Not Applicable cases.

Column: Widih of the column to display in Data View

Align: ‘Whether data is to be displayed left/right/cenire aligned
Meagyre: Nominal/Crdinal/Scale

It is strongly suggested that you should kmow whether data is nominal or ordinal or scale,
because it will help you in selecting appropriate statistical tool for analysis.

Nominal data referred to quslitative dats for which numeric ¢codes are given only for the
salkeofidentr] catlbn: MASTAT-21/ 43



Ordinal data referred to qualitative deta for which numeric codes are given in hierarchal
order.

Scale dain refers to quantitative data for which numeric values are directly recorded from the
reaponses of the respondent.

Data Management
First step in data management is cleaning of data which refers to cross check data from

original dataset to ensure that it is error free. Because wrong data takesz you to incorrect
results.

Second step iz to classify the data ag per our requirement e.g., frequency, mean, minitmm,
maxitmmn, standard deviation efc. of variable. After poing through these, you may need to
genetate new vatiables based on ihitial variables. For example, you may be interested in
creating a group, based upon the values of responses or club some responses into one
TESponse.

Third step is to move gradually for more statistics that are required for your assumptions,
REFERENCES

Field, A, (2006); Discovering Statistics Using SPSS; New Delhi, Sage Publication.
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Use of SPSS for Statistical Analysis

Introduction

SPSS is a widely used goftware package for statistical analygis in social science. The
original SPSS manual (Nie ef al, 1970) has been described a8 one of "sociology’s moat
influential booke™ for allowing ordinary regearchers to de their own statistical analysis.
Originally it iz an actonym of Statistical Package jor the Social Science but now it stands for
Statistical Product and Service Sohitions. The current vetsions (2015) are officially named
IBM SPSS Stiatistics. Long produced by SPSS e, it was acquired by IBM in 2009. During
2009 and 2010 it was called PASW (Predictive Analytics SoftWare) Statistics. It is one of the
most popular statistical packages which can perform highly complex data manipulation and
analysis with rather simple instructions. This package of programs iz available for both
perscnal as well as mainframe compuiers. SP3S package consists of a set of software tools
for cdats eniry, data managemeni, staligtical analysis and presemtation. SPSS mtegrates
complex data and file management, statistical analysis and reporting functions. SPSS can take
data from almost any type of file and use them to generate tabulated reports, charts, and plots
of distributions and trends, descriptive statistics, and complex statistical analyzes.

Some vergiong of SPSS released in recent years are:

. SPSS Statistics 17.0.1 - December 2008

. PASW Statisticg 17.0.3 - September 2009

. PASW Statistice 18.0, 18.0.1, 18.0.2, 18.0.3

. IBM SPSS Statistics 19.0 - August 2010

. IBM SPSS Stetistics 19.0.1, 20.0, 20.0.1, 21.0

Companion products in the aame family are used for survey anthoring and deployment (IBM
SPSS Data Collection), data mining (IBM SPSS Modeler), text analytics, and collaboration
and deployment (batch and aumtomated scoring services). Purpose of this chapter is to
inmtrodoce the basic features of the SPSS and also to provide some basic statistical analysis
uging this goftware.

Key Features of SPSS

Some of the key feature of SPSS are:

— Itis eagy to learn amd use with itz pull-down menn features

— Itincludes a full range of data management gystem

— It provides in-depth statistical anslysis capabilities

— It offers comprehengive range of pletting, reporting and pregentation features.

In addition to statistical amalyzis, data mamagement {case selection, file reshaping,
creating derived data) and data documentation (3 metadata dictionary stored in the data file)
gre festores of the base software. There are varisties of statistics inchided in the base
software. Some of the importamt statistics are:

Deseriptive statigtics: Cross tabolation, Frequeneies, Descriptive, Explors, Descriptive Ratio
Statiztics etc.

Bivariste statistics; Means, t-iest, ANOVA, Correlation (bivariate, partial, distances),
Nonparametric testz etc.
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Prediction for numerieal outcomes: Linear regression, Multiple Regression

Prediction for identifying groups: Factor analysis, Cluster analysis (two-step, K-means,
hierarchical), Discriminant analysis etc.

Windows of SPSS

SPSS makes statistical analysis accessible for the naive user and convenient for the
experienced user. There are a mumber of different types of windows in SPSS. The data editor
offers a simple and efficient spreadshect like facility for entering data and browsing the
wotking data file. To itvoke SPSS in the windows enviromment, gelect the appropriate SPSS
icon.

Data Editor: This graphical user itterface displays the contents of the data file. One can
create new data files or modify existing ones. The Data Editor window opens automatically
when an SPSS session is started, One can have only one data file open at a time, This aditor
has two views which can be toggled by clicking on one of the two tabs m the bottom left of
the SPSS window.,

v" Data view: Displays the actyal data valuss or defined value labels. The Data View'
shows a spreadsheet view of the cases (rows) and variables (columns). Unlike spreadsheets,
the data cells can only contain numbers or text, and formulas cannot be stored in these cells.
One can modify data values in the Data view in many ways like change data values; cut, copy
and paste data values; add and delete cases;

¥" Variable vlew: Displays variable definition information contgined or metadata dictionary
where sach row represents a varisble and shows the varisble name, varigble label, value
label(s), print width, measurement type, and a variety of other charecteristics. One can
modify variable properties in the Variable view for example, add and delete variables, change
the order of variables etc.

Cells in both views can be manuslly edited, defining the file structure and allowing data
entty without msing command syntax. This may be sufficient for amall datasets. Larger
datasets such as statistical surveys are more often created in data entry software, or entered
during computer-assigted personal interviewing, by scamming and using optical character
recopnition and optical mark recognition software, or by direct captmre from online
questionnaires. These datasets are then read into SPSS. Extension of the saved data file will
be “.gav™.
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Viewer: All results, tables, and charts performed by different statistical analysis are displayed
in the Viewsr window. Extension of the saved output file is *.spv”. One can use the Viewer
to browse results, show or hide selected tebles end charts, change the display order of results
by moving selected items or move items between the Viewer and other applications. The
output presented in Viewer can be edited and saved for later use. A Viewer window opens
automatically the first ime a procedure is run that generates output. The Viewer is divided
into two panes:
¥ The left pane containg an outline view of the contents. One can click an itern in the
outline to go diteetly to the corresponding table or chatt.
¥ The right pane containg statistical tables, charis, and text cutput.
Syntax Editor: The pull-down menu interface generates cotmmand syntax. This can be
displayed in the ouiput, Thess command syntax can also be pasied into a syntax file in a
syntax window using the "paste” buiton presemt in sach menn. One can then edit the
command syniax totalize special features of SP'SS not available through dialog boxes. These
commands can he saved in a file for use in subsequent SPS3 sessions. Extensgion of the saved
syntax file will be “.sps”, Command syntax programming has the benefits of reproducibility,
simplifying repetitive tagks, and handling complex data manipulations and analyses.
Additionally, some complex applications can only be programmed in syntax that is not
accessible through the menn structure,
Fivot Table Editor: The results from most stetistical procedures sve displayed in pivot
tables. These pivot tables outputs can be modified in meny ways with pivot table editor. One
can edit text, swap dete in rows and columns, create multidimensional tables, and selectively
hide end show results. Changing the layout of the teble does not affect the regults. Instead, it's
8 way to display information in e different or more desirable mamner.
Text Ouiput Editor: Text cutput not displeyed in pivot tables can be modified with the Texi
Cutput Editor. One can edit the output and change font characteristica (type, style, colour,
size).
Chart Editor: High-resohition charts and plots can be modified in chart windows. One can
change the colours, select different type of fonts and sizes, gwitch the horizental and vertical
axes, rotate 3-D scatter plots, and even change the chart type.
Script Window: It provides the opportunity to write full-blown programs, in a BASIC-like
language. It i8 a text editor for syntax composition. Extengien of the gaved script file will be
“ sha™

M=y features of SPSS Siatistics are accessible via pull-down menus or can be
programmed with a proprietary 4GL command syntax languags. Many of the tasks that are to
be performad with SPSS start with menu selections. Each window has its own menn bar with
menn selections appropriate for that window type. The various menu options available in
SPSS are:

'f_{l Undithed 1 [DhataSetl] - 100 SP5S Statistics Data Editor
Filg Edil  Wiew [ata  Transform  &nalvze  Oirect blarketing -ﬁ_l'al.'ll'l'E Liities &dd-ong  WWindow  Help

Most menu selections open dialog boxes, {me can use dialog boxes to select variables and

options for analyzis. Since most procedures provide a great deal of flexibility, not all of the

posaible choices can be contained in a single dialog box. The main dialog box usually

contains the minintom information required to run a procedures. Additional specifications are
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mede in sub-dialog boxes. All these above mentioned options have further sub-options. To
see what applications there are, we simply move the cursor to a particulsr option and press,
when a drop-down menu will appear. To cancel e drop-down menu, place the cursor
anywhere cutside the option and press the left button.

The three dots after an option term (..) on a drop-down menu, such as Deflne
Variable...option in Date option, signify that a dialog box will appear when thie optien is
chosen. To cancel 8 dialog bex, select the Cancel button in the dislog box. A right-facing
arrow head after an option tetm indicates that a further submerm will appear to the right of
the drop-down memu. An option with neither of these sign: means that there is ne further
drop down menus to seleet There are five stmdard command pushbuttons in most dialog
boxes.

OK: It runs the procedurs, After the variables and additional specifications are selected, click
DK to um the procadure,

Paste; It generates command syntax from the dialog box sslections and pastes the syniax into
a syntax window.

Reset: It deselects any variables in the selected variable list and resets all specifications in the
dialog box.

Cancel: It cancels any changes in the dialog box settings since the last time it was opened
and closes the dialog box,

Help: It contains information abont the current dialog box.

ENTERING AND EDITING DATA

The easiest way of entering data in SPSS is to type it directly into the metrix of columns and
mumbered rows in the Dada Editor window. The columns represent variables and the rows
represent cases. The variables can be defined in the varieble view. Veriable name must be no
longer than eight characters and the name must begin with a letter.

Saving data

To be able to retrieve a file, the file mnst be saved with a proper name. The defsult extension
name for saving files is sav. To save this file on a floppy disk, we carry out the following
pequence:

—File —Save As... [opens Save Data As dialog box]—box umder Flle Name: delete the
azgterisk and type file name —OK

The output file can also be printed and saved. The extengion name for output file is .spo.
Retrieving a Saved File

To retrieve this fils at a later stage when it iz no longer the current file, use the following
procedure:

File — Open — Dats ... [opens the Open Daia File dialog box] —choose drive from
options listed —type name under File Name; —file name — OK

BASIC STEPS IN DATA ANALYSIS

* Get your duta inte SPSS. You can opm a previously saved SPSS data file, road a
spreacshest, database, or text data file, or enter your data directly in the Diata Editor,

* Select a procedure. Select a procedure from the menns to calculate statistics or to create
a chart,

* Selert the varlables for the analysis. The variables in the date file are displayed in a

dialog box for the procedure. T



= Run the procedure. Results are displayved in the Viewer.

STATISTICAL PROCEDURES

After entering the dete set in Dada Editor or reading en ASCII data file, we are now ready to
analyze it. The Analyze option has the following sub options:

Reporta, Descriptive Statistics, Tables, Compare means, General Linear model, Mixed
Madels, Correlate, Regreszion, Log linear, Neural Networks, Classify, Dimension Reduction,
Scale, Non parametric tests, Forecasting, Time Series, Survival, Multiple response, Mizsing
value analysis, Multiple imputation, Complex samples, Quality control, ROC cutve.

Reports

Thig submenn provides techniques for reporting the results, The various sub-sub menus under
thig are as follows:

Codcbook reports the dictionary informgation such as variable names, varizble labels, value
labels, missing velues and summary statistics for ell or specified variables end multiple
response sets in the active dataset. For nominal and ordinel veriables and multiple response
sets, summary statistics include counts and percents. For scale variables, summary statistics
include mean, standard devietion, and quartiles.

OLAP (Online Analytical Processing) Cubes procedure calculates totals, means, and other
univariate statisticsa for comtinuous summary variables within cetepories of one or more
categorical grouping variables. A separate layer in the table is created for cach catepory of
each grouping varisble.

Case Summaries calculates gubgroup statistics for variables within categories of one or more
grouping variables. All levels of the grouping variable are crogs tabuleted. One can choose
the order in which the statiztics are displayed. Summary statistics for each variable across all
categories are also displayed. With large datasetz, ene can choose to list only the first n cases.
Report Summaries in Rows produces reports in which different summary statistics are laid
out m rows. Caze listings are also available from thiz command, with or without summary
statistics.

Report Sommaried in Columns produces reports in which different summary siatistics are
laid out in separata columms.

Descriptive Statistics

Thig submemu provides techniques for summanzing data with statistics, charts, and reports,
The varicus sub-sub menus under this are ag follows:

Frequencies provide information about the relative frequency of the occurence of each
category of a variable. This can be used it to obtain summary siefistics that describe the
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typical valne and the spread of the observations. To compute summary statistics for each of
several groups of cases, Means procedure or the Explore procedure can be used.

Descriptive is used to calculate statistics that summarize the values of a varieble like the
measures of central tendency, measures of digpersion, skewness, kuartosis etc..

Explore produces and displays summary statistics for all cases or separately for groups of
casez. Box plots, stem-and leaf plots, histograms, tests of normality, robust cstimates of
location, frequency tables and other descriptive statistice and plots can alzo be obtained.
Croastabs is used to count the number of cases that have different combinations of values of
two or mote variables, and to calculate simmaty statistics and tests. The variables yon use to
form the categories within which the comts are obtained should have a litnited umber of
P-P Plots provides the cumulative proportions of a variable's digiribution against the
cumylative proportions of the normal distrilvion,

Q-Q plots provide the quantiles of a variable's disinbution against the quantiles of the normal
distribytion,

Tables

Custom Tables submemu provides aftractive, flexible displays of frequency counts,
percentages and other statistics.

Compare Means

This submenu provides techniques for testing differences among two or more means for both
independent and related samples.

Means compuics summaty gtatigtics for a variable when the cases are subdivided into groups
based on their values for other variables.

One-Sample ¢-Test procedure tests whether the mean of a single variable differs from a
specified constant, For each test variable: mean, standard deviation, and standard error of the
mean,

Independent Sample t-Test is used if two unrelated samples come from populations with
the same mean. The observations should be from two unrelated groups, and for testing, the
mean must be an appropriste summary meagure for the variable to be compared in the two
groups. For more than two independent groups, the One-way ANOVA optien could be used.

Paired Sample t-Test is used to compare the means of the same subjects in two conditions or
at two points in time i.e, to compare subjects who had been matched to be gimilar in certain
respects and then to test if two related sumples come from populations with the seme mean.
The related, or paired, samples often result fiom an experiment in which the same person is
observed before and after an intervention. If the distribution of the differences of the values
between the members of a pair is markedly non-normel you should consider one of the
nonparsmetric tests.

One-Way ANOVA ig used to test that several independent groups come from populations
with the game mean. To see which groups are gignificantly different from each other, multiple
comparigon procedures can be used through Post Hoc Multiple Comparison option which
consist of the options like Least-significant difference, Dvuncan’s multiple range test, Scheffe
am.ﬁamtaﬂmﬂymsﬂsnhemﬁﬁsgﬂmmmﬁem%m



treatments by using the Contrast option. The data obtained using completely randomized
design cen be analyzed through this option.

General Linear Model

This submenn provides techniques for testing univariate and multivariate Analysis-of-
Variance models, including repeated meagures.

Univariate sub-option could be uzed to analyze the experimental desipns like Completely
randomized design, Randomized bleck design, Latin square design, Desgigns for factorial
expetiments etec. The covariance analysis can also be performed and alternate methods for
partitioning suing of squares can be selected. IT only some of the itteractions of a partienlar
order are to be included, the Custom procedure should be used. If there is only one factor then
One-Way ANOVA procedure should be nsed

Multivariste analyses analysis-of-variance amd amalywis-of-covariance designs when you
have two or more comrelated dependent variables. Multivariate analygis of variance is used to
test hypotheses about the relationship between a set of interrslated dependent variables and
ons or more factor or grouping variables. For example, you can test whether verbal and
mathematical test scores are related to instructional method used sex of the subject and the
interaction of method and sex. Thiz procedure should be used only if there are sevemral
dependent variables which are related to ecach other. For a single dependent variable or
unrelated dependent variables, the Univariate ANOVA procedures can be adopted. If the
same dependent varisble is measured on several occasions for each subject, the Repeated
Measures procedure is to be used.

Repeated Measures is used to test hypotheses ebout the means of e dependent veriable when
the same dependent verieble i3 messured on more then one occasion for each subject.
Subjects can also be clessified into mutually exclusive groups, such 83 males or femsles, or
type of job held. Then you can test hypotheses about the effects of the between-mubject
variables and the within-subject variables, as well as their interactions.

Correlate

This submenu provides measures of association for two or more variables measured et the
interval level.

Bivariate Calculates Matrices of Pearson product-moment correlations, and of Kendall and
Spearman nonparametric correlations, with significance levels and optional univariate
statigtics. The cotrelation coeflicient is used to quantify the strength of the lincar relationship
betwean two variables. The Pearson correlation coefficient should be used only for data
measured at the mterval or ratio level. Spearman and Kendall comrelation coefficients are
nonparametiric measures which are particularly useful when the data contain outliers or when
the distribution of the variables is markedly non-normal. Both the Spearman and Kendall
coefficients are based on assigning ranks to the vaniables.

Partial calculates partial correlation cogfficienis that describe the relationship between two
variables, while adjusting for the effects of one or mere additional variables. If the values of a
dependent variable from a set of independemt variables are to be predicted then the Linear
Regression procedure may be used. If there are no confrol variables then the Bivariate
Cormelations procedure cen be adopted. Nominal variables should not be used in the partial
cotrelation procedure.
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Distances calculate statistice measuring efther similarities or dissimilarities (distances), either
between pairs of variables or between pairs of cases. These similarity or distance measures
can then be used with other procedures, such as factor anslysis, cluster analysis, or
multidimensional scaling, to help anelyze complex datasetz. Dissimilarity (distance)
measurcs for imterval data are Buclidean distance, squared Fuclidean distance, Chebychev,
block, Minkowski, or cugtomized; for count data, chi-square or phi-square; for binary data,
Fuclidean distance, squared Euclidean distance, size difference, pattern difference, variance,
shape, ot Lance and Williams_ Similarity measures for interval data are Pearson correlation or
cosine; for binary data, Rusgsel and Rao, simple matching, Jaccard, ete.

Regression

Thigs submetn provides a variety of repression techniques, including linear, logistic,
nonlingar, weighted, and two-stage least-squares regression.

Linear 18 used to sxamine the relationship between a dependent variable and a set of
independent variables, If the depsndent variable is dichotomous, then the logistic regression
procedure should be used. If the dependent variable is censored, such as survival tme after
surgery, use the Life Tables, Kaplan-Meier, or proportional hazards procedure.

Curve Estimation produces curve estimation regreszion statistics and related plets for 11
different curve estimation regression models. A separate model is prodoced for each
dependent variable. One can also save predicted values, residuals, and prediction intervals as
new variables.

Logistle estimates regression models in which the dependent varieble is dichotomous. If the
dependent variable has more then two categories, use the Discriminant procedure to identify
variables which are useful for sasigning the cases to the varicus groups. If the dependent
variable is continmous, use the Linear Regression procedure to predict the values of the
dependent variable from a set of independent variables. In recent versions there are two
options Binary Logistic as well az Multinomisal Logistic.

Probit performs probit analysis which is used to measure the relationship between a response
proportion and the strength of 8 stimulus. For example, the probit procedure can be used to
examine the relationship between the proportion of plants dying and the strength of the
pesticide applied or to examine the relationship between the proportion of people buying a
product and the magnitude of the incentive offered. The Probit procedure ghould be used only
if the response is dichotomous buy/not buy, alive/dead —and several groups of subjects are
exposed to different levels of some stimulus. For each stimulus level, the data must contam
counts of the totals sxposed and the totals responding. If the response variable is dichotomous
but you do not have groups of subjects with the same values for the independent variables
you should use the Logistic Regression procedure.

Nonlinear gstimates nonlinear regression models, including models in which parameters are
consirained. The nenlinear regression procedure can be used if one knows the equation whese
parameter sare to be egtimated, and the equation cannot be written as the sum of parameters
times some fimction of the independent variables. In nemlinsar regression the parameter
egtimates are obtained iteratively. If the function is linear, or can be transformed to a linear
function, then the Linear Regression procedure should be used.

Weight Estimation estimates a linear regression model with differential weights representing
the precision of observations. This W&'ﬂ.& _Hlsg:w Professional Statistics option. If the



variance of the dependent variable is not constant for all of the values of the independent
variable, weights which are inversely proportional to the veriance of the dependent variable
can be incorporated into the enalysis. This results in 8 better sohution. The Weight Estimation
procedure can also be uged to estimate the weights when the variance of the dependent
variable is related to the values of an independent variable. If you know the weights for each
case you can use the linear regrezsion procedure to obtain 8 weighted least aquares golution.
The linear regression procedure provides a large number of diagnostic statistics which help
you evaluate how well the mode] fits your data.

2-Stage Least Sqnares perforis two-stage least squares regression for models in which the
etror term is related to the predictors. This command is in the Professional Statistics option.
For example, if you want to model the demand for a produoct as a function of price,
adverliging expenses, cost of the materials, and some economic indicators, you may find that
the arror term of the model is comelated with one or more of the mdependent vaniables. Two-
stage least squares allows you to estimate such a modsl.

The Log linear submenu provides gemeral and hisrarchical log-hinear amalymis and logit
analysis.

Classify

Thig submenn provides cluster and discriminant analysis,

Two Step Cluster performs Two Step Cluster Analysiz procedure which is an exploratory
data analysis tool designed to reveal natural clustering within a dataset that would otherwise
not be apparent. The algorithm emiployed by this procedure has seversl desirable features that
differentiate it from traditions] clustering techniques. The Log-likelihood and Euclidean
Distance Measures are used as the similarity measure between two clusters.

K-means Cluster performs cluster analyzis using an algorithm thet can handle large mumbers
of cases, but that requires you to specify the mumber of clusters. The goal of cluster analyzis
ia to identify relatively homogeneous groups of cases based on selected characteriatics. If the
mumber of cluaters to be formed is not known, then Hierarchical Cluster procedure can be
used. If the observations are in known groups and one wants to predict group membership
based on a get of independent variables, then the Disctiminant procedure can be used.
Hierarchical Cluster combines cases inte clugters hierarchically, nusing a memaory-intensive
algorithm that allows you to examine many different solutionz easily.
Discriminant is used to clasgify cages into one of several known groups on the basig of
various characteristics. To use the Discriminant procedure the dependent variable must have
2 limited number of distmet categeories. Independent variables that are nomimal must be
recoded to dummy or conirast variables. If the dependeni variable has two categories,
Logistic Regression can be usaed. If the dependent variable is continuous one may use Linear
Regression.

Nearest Neighbor performs Nearest Neighbor Analysis for classifying cases based on their
gsimilarity to other cages. In machine leaming, it was developed as a way to recognize patierns
of data without requiring an exact match to any stored patierns, or cases. Similar cases are
near cach other and dissimilar cases are distant from each other. Thus, the distance between
two cases is a measure of their dissimilarity.

Dimension Reduction

This mpmﬁmmmmhwmm, and optimal scaling.



Factor is used to identify factors that explain the correlations among a set of variables. Factor
enalysis iz often used to summerize a large nomber of variebles with a smaller number of
derived variables, called factors.

Correspondence Analysis analyzes correspondence tables (such as cross-tabulations) to best
measure the distances between categorics or between variables. This command iz2 in the
Categuries option.

Distances compute many different measures of zimilarity, dissimilarity or distance. Many
different measutes can be used to quantify how much alike ot how different two cases or
variables are. Similarity measures are constructed so that large values indicate nmch
gimilarity and small values indicate litfle similarity. Dissimilarity measures estimate the
distance or unlikencss of two cases. A large dissimilatity value tellz that two cases or
variables are far apart. Tn order to decide which similarity or dissimilarity measure to use, cne
must considar the charactemistics of the data, Spacial measures are available for inderval data,
frequency coumts, and binary data, If the cases are to be clasgifisd nio groups based on
similarity or disgimilanity measures, one of the Cluster procedures should be used.

The Scale submenu provides reliability analysis and multidimensional scaling.
Nonparamefric Tests

Thig submenu provides nonparametric testz for one sample, or for two and mere paired or
independent samples. Legacy dialogs sub-submenu congists following tests:

Chi-Square is used to test hypotheses about the relative proportion of cases falling into
several mutually exclusive groups. For example, if one wants to test the hypotheses that
people are equally likely to buy six different brands of cereals, one can connt the number
buying cach of the six brends. Based on the six observed counts Chi-Square procedure could
be used to test the hypothesis that sll six cereals are equally likely to be bonght. The expected
proportions in each of the cateporiea dom't have to be equal. The hypothetical proportions to
be tested should be specified.

Binomial is used to test the hypothesis that a variable comes fram a binomial population with
a specified probability of an event occurring. The variable can have only two values. For
example, to test that the probability of an item on the agsembly line is defective i8 one out of
ten (p=0.1), take a sample of 300 items and record whether each is defective or not. Then use
the binomial procedure to test the hypothesis of interest.

Runs are used to test whether the two values of a dichetornous variable occur in a random
sequence. The runs test is appropriate cnly when the order of cazeg in the data file is
meaningfal.

1. Sample K-8 iz nsed to compare the observed frequencies of the values of an ordinal
variable, such as rated quality of work, agamst some specifiad theoretical distribution. It
determines the statistical significance of the largest difference between them. In SPSS, the
theoretical distribution can be Normal, Uniform or Poisson. Alternative tesis for normality
are available in the Bxplore procedure, in the Summmarize submeny. The P-P and Q-Q plots in
the Graphs mewm can also be used to examine the assumption of normality 2

2. Independent Samples iz used to compare the distribution of a variable between two
nonrelated groups. Only limited assumptions are needed about the distributions from which
the sample are selected. The Mann-Whitney U test is an slemative to the two sample t-test.
The actual values of the datammp%ﬁw Kolmogorov-Smirnov test is based



on the differences between the observed cunmlative distributions of the two gromps. The
Weald-Woflowitz runs tests sorts the data values from smallest to larpest and then performs a
runs test on the group’s numbers. The Moses Test of Extreme Reaction is used to test for
differences in range between two groups.
K-Independent Samples is used to compare the distribution of a variable between two or
more groups. Only limited assumptions are needed about the distributions from which the
samples are selected. The Kruskal-Walliz test is an altemnative to one-way analysis of
variance, with the actual values of the data replaced by ranks. The Median testg counts the
mumber of cases in each group that are above and below the combined median, and then
petforms a chi-square test.
2 Related Samples is used to compare the distribution of two related variables. Only limited
assumptions are needed about the disiributions from which the samples are selecied. The
Wilcoxon and Sign tests are nonparametric altermative to the paired samples t-test. The
Wilcoxon test is more powerful than the Sign test, McNemar's fest is used io determine
changes i proportions for related samples, It is often used for "before md aftexr"
experimental degigns when the dependent variable is dichotomous. For example, the effect of
a campaign speech can be tested by analyzing the number of people whoze preference for a
candidate changed based on the speech, Using McNemar's fest you analyze the changes to see
if change in both directions is equally likely,
K Related Samples is used to compare the distribution of two or more related variables.
Only limited essumptions are needed about the distribubions from which the samples are
selected. The Friedman test is a nomparemetric alternative to a single-factor repeated
messures analyzis of variance. One can use it when the same measurement is obtained on
several occasions for a subject. For example, the Friedman test can be used to compare
consumer satisfaction of 5 products when each person is aaked to rate each of the products on
a scale. Cochran's O test can be used to test whether aeveral dichotomous variables have the
same mean. For example, if instead of esking each subject to rate their satisfaction with five
products, you asked them for a yes/no response about each, you could use Cochran's test to
test the hypothesis that all five products have the same proportion of gatizfied users. Kendall's
W measures the agreement among raters. Each of your cases correzponds to a rater; cach of
the selected variables is an item betng rated. For example, if you ask & gample of customers to
rank 7 ice-cream flavours from least to most liked, you can use Kendall's W to sce how
clogaly the cusiomers agree in their ratings.
Forecasting
Thizs submermu provides create models, seasonal decomposition, speciral analysis,
autocomelations, cross-correlations ete.
Autocorrelations calculates and plots the autocomelation function (ACF) and partial
autocomelation function of one or more series to any specified number of lags, displaying the
Box-Ljung statistic at each lag to test the overall hypothesis that the ACF is zero at all lags.
Cross-correlations calcnlate and plot the cross-comrelation fimetion of two or more series for
positive, negative, and zero lags.
Speciral snalysis celculates and plots univariete or bivariate periodograms and spectral
density functions, which express variation in a time series (or covariation in two time series)
MABTAT-21/ 55



g8 the sum of 8 series of siniscidal compoenents. It can optionally save various components of
the frequency analysis as new series.

The Survival submenn provides techniques for analyzing the time for some terminal event to
ocecur, including Kaplan-Meier analysis and Cox regression.

Multiple Responses submenu provides facilitics to define and analyze multiple-response or
multiple-dichotomy sets.

Quality Comirol submenu provides facilitics to for obtaining control charts and Pareto
charts.

Complex Samples submenn provides procedures for Sampling from Complex Designs. The
Sampling Wizard guides through the steps for creating, modifying, ot executing a sampling
plan file. Before using the Wizard, one should have a well-defined target population, a list of
sampling unite, and an appropriate sample design in mind,

Other than thig Anslyze menn there are several other important mens available in SPSS.
Transform

Compute calculates the values for exther a new or an existmg vanable, for all cases or for
cases satisfying a logical criterion.

Random Number Sced sets the seed used by the pseudo-random number generator to a
specific value, so that you can reproduce a sequence of psewdo-random numbers.

Count creates a varigble that counts the occnrrences of the zame value(s) in a list of variables
for each case.

Recode into Same ¥ariables reassigns the values of existing variables or collapses renges of
Recode Into Differemt Variables reasgigns the values of existing varigbles to new variables
or collepaes renges of existing velues into new variables.

Rank Cases creates new variables containing ranks, nonmal scores, or similar ranling scores
for numeric variables,

Auntomatic Recode reassipns the values of existing variables to consecutive intepera in new
variables.

Create Time Serles creatcs a time-geries variable ag a function of an existing series, for
example, lagged or leading values, differences, cumulative gums. Thie command ig in the
Trends option.

Replace Missing Values subgtitutes non-missing values for misging values, using the series
mean or one of several time-series fimetions. This command is m the Trends option.

Run Pending Transforms executes tramsformation commands that are pending doe to the
Transformation Options setting in the Preferences dialog.

Utllities

Command Index takes you to the dialog box for a command if you know its name in the
SP5S command language.

Fonts lst you choose a foni, style, and size for SPSS Data Editor, onlput, and syntax
wincdows,

Variable Information displays the Variables window, which shows information about the
variables in your working data file, and allows you to scroll the data editor to a specific
variable, or copy variable names to the designated syntax window.

File Information displays WWHEW data file in the output window.



Output Page Titles lets you specify a title and subtitle for cutput from SPSS. They appeat in
the page header, if it is displayed. (Preferences in the Edit menm controls the pege header.)
Define Seds defines sets of variables for use in other dialog boxes.

Use Sets letz you select which defined sets of variables should appear in the source-variable
lists of other dialog boxes.

Grid Lines turns grid lines on and off in the Data Editor window. This command ig available
when the Data Editor is active.

Value Labels turng on and off the display of Value Lahels (instead of actual values) in the
Data Editer window. When Value Labels are displayed you can edit data with a pop-up menn
of labels. This command ig available when the Data Editor i3 active.

Aute New Case turns on and off the automatic creation of new cases by cursor movement
below the last case in the Data Editor window, This commsand is available when the Data
Editor is aclive,

Degignate Window designates the active window to receive output from SPSS commands (if
it iz an output window); or to recaive commands pasted from dialog boxes (if it is a syntax
window). You can also designate a window by clicking the! Button on its icon bar, This
command is available when an output or syntax window is active.

Graphs

The Chart Builder available in Graph menn allows to bnild charts from predefined gallery
charts or from the individual patts (for example, axes and bars). You build a chart by
dregging and dropping the gallery charts or basic elements onto the canvas, which is the large
ared to the right of the Variables list in the Chart Builder dislog box.

Legacy Dialogs submenn provides following graph submenus

Bar generates a simple, clustered, or stacked bar chart of the data.

3-D Bar Charts allows to genersting bar graph in 3-dimensional axis.

Line generates a simple or multiple line charts of the data.

Area pencrates a simple or atacked area chart of the data.

Ple penerates a simple pie chart or a composite bar chart from the data.

High-Low plois pairs or triples of values, for example high, low, end cloging prices.

Box plot generates box plots showing the median; inter quartile range, outliers, and extreme
cases of individual variables.

Error Bar Charts plot the confidence intervals, standard errors, or standard deviations of
individual variables.

Scatter/dot generates a simple or overlay scatter plot, a scaiter plot mairix, or a 3-D scatter
plot from the data.

Histogram generates a histogram showing the distribution of an mdividual variable.
FRACTICAL EXERCISES

Exercize 1; Here, a practical exercise is provided m which SPSS has been used for Survey
Data Analysis. For illusiration purpose, we are going to use “Employee data” from the
sample folder of SPSS available at Samples folder in the Program Fileg folder in C dnve. In
addition a new variable “Company” has been added to the dataset which is heving values
from 1,2,...,10. Finally, there are 400 data-points clustered into 10 clusters cach of zize 40
units. Thsdaﬂsﬂhuhuncmmdmndaspopulahmusedforﬁnﬂmrﬂlusﬁahon{anﬂahleﬂ




The Sampling Wizard guides through the steps for creating, modifying, or executing a
sampling plan file. Before using the Wizard, one should have a well-defined target
population, a list of sampling units, and an appropriate sample dasign in mind. The Complex
Samples option allows io select a sample according to a complex design and incorporate the
design specifications into the data analysis

Creating a New Sample Flan

1. From the menus choose

Analyze — Complex Samples — Select a Sample....

2, Select Design a sample and choose a plan filename to save the sample plan and click
Next.
3. Optionally, in the Design Variables gtep, one can define strata, clusters, and input
sample weights.
In our current example we wigh to sclect samples employing Cluster and Moultistage
Sampling designs. These sampling designs are moat popular in aurvey sampling. Thus, select
the variable “Company” az cluster. Then, elick Next.
4. In the Sampling Method step, one can choose a method for selectimg items.
s If one seleci PPS Brower or PPS Murthy, one can click Finish to draw the sample,
Otherwise, click Next,
3. Inthe Sample Slze step, specify the number or proportion of units to sample.
6. Optionslly, in further steps one can:
¢ Choose output variables to save.
¢ Add a second or third stage to the degign,
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e Set various selection options, including which stages to draw samples from, the random
nmumber seed, and whether to treat user-miszing values az valid values of design variables.

¢ Choeose where to save output data.

7. Now click Finish to draw the sampla Following selectsd sample containg 8( umits (2
clusters containing 4 units each).

-

Developed Sample Plan can be used for ﬁuﬂmmure tandom gample selection as follows:
Anslyze — Complex Samples — Draw the Sample...

—_—————— e — o]

L=t

After selection of Sample next step is to prepare the selected semple for analysis. The
Anslysis Preparation Wizard guides throngh the steps for creeting or modifying an analysis
plen for use with the various Complex Ssmples snaelysis procedurcs. Before using the
Wizard, one should have a sample drawn according to a complex design.
Creating a New Analysis Plan

1. From the menus choose:

Ansalyze — Complex Samples — Prepare for Analysis...

2, Select Create a plan flle, choose a filename to save the analysis plan and click Next.

3. Specify the variable containing sample weights in the Design Variables step, optienally
defining strata and clugiers.

4, Optionally, in further steps one can:

Select the method for estimating standard errors in the Estimation Meithod step.

Specify the number of units sampled or the inclusicn probability per unit in the Size step.
Add a second or third stage to the desipn,

Now click Finish to save the plan.

th e @
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Now uging this Analysls Plan file one generates several types of outputs available in the
Complex Sammples option like

Frequencies

Descriptives

Crosstabs

Ratioy

General Linsar Modsl

Logistic R sion

Ordinal Repression

Cox Regression

Results from the Descriptives optiong uging the “Current Salary™ is given by

= s
-
[ 1=

For selection of samplas by Multistage sampling degign one can edit the existing Sample Plan
for cluster sampling or prepars new sampling plan aceording to Multistage sampling.

At the seventh siep of the earlier shown “Creating a New Sample Plan”, one should select
“Yes, add stage 2 now” when the question “The yon want to add Stage 2” pops up in the
sampling wizard as shown below:
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Then define “sample size” for the stage 2 and give path where to save the output file. An
output file iz given below. First, 2 clusters are selected by SRSWOR and, the, within each
selected cluster 10 units e selected by SRSWOR.

7 i Pl B Y S

E

For analyzis as per two stage sampling design, New Analysis Plan ghall be created and further
desired analyzig of the sample shall be carried out.

Exexrcizse 2; The following data was collected throngh a pilot sample survey on Hybrid Jowar
crop on vield and tiometrical cheracters. The biometrical charscters were average Plant
Population (PF), average Plant Height {PH), average Number of Green Lesves (NGL) and
Yield (kg/plot).

8.No. PP PH NGL Yield SNo. PP PH NGL Yiad

1 142.00 0.525 82 2470 24 55.55 0265 50 0430
2 143.00 0640 95 4760 25 8844 0980 50 4080
3 107.00 0660 93 3310 26 99.55 0645 96  2.830
4 7800 0.660 7.5 1970 27 6399 0635 56 2570
5 100.00 0460 59 1340 28 101.77 0290 82 7420
& 8650 {0345 64 1.140 29 133.66 0.720 99  2.620
7 103.50 0.8360 64 1500 30 9022 0.630 84 2000
8 15599 0330 75 2030 31 7692 1250 73 1.9%0
g 8088 0285 84 2540 32 12622 0580 69  1.360
10 109.77 0.590 106 4900 33 80.36 0605 68 0.680
11 61.77 0265 83 2910 34 15023 1.190 88 5360
12 79.11 0660 116 2760 35 5650 0355 97 2120
13 15599 0420 8.1 0590 36 136.00 0590 102 4.160
14 61.81 0340 94  0.840 37 14450 0610 98 3,120
15 7430 0630 B4 3870 38 15733 0605 88 2070
16 97.00 0705 72 4470 39 2199 0380 7.7 1170
17 93.14 0680 64 3310 40 121.50 0550 7.7 3.620
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18 3743 0665 84 1570 41 64.50 0320 57 0.670

19 3644 0275 74 0530 42 116.00 0455 68  3.050

20 51.00 0280 74 1150 43 77.50 0.720 11.8 1.700

21 104.00 0.280 9.8 1.080 44 70.43 0.625 10.0 1.550

22 4900 {490 4.8 1.B30 45 133,77 053§ 93 3.280

23 5466 (385 55 0.760 46 8999 0490 98 2690

Source: Dezign Resources Server. ICAR - Indian Agricultural Statistics Research Institute,
New Delhi 110 412, India. wvww.iasri.res infdesign (accessed lastly on <05-05-2015>).

Find mesn, standard deviation, minirmam and maximom values of all the characters.

Find correlation coefficient between each pair of the variables.

Give a scatier plot of the variable PP with dependsni variable yield,

. Fit a multiple Imear regression equation where yield is dependent vanable whereas all
uﬁmchmctem as independent vaniables,

At first snter the entire data in the data editor as given below,

Ph= B =3 E

PN

There are several ways to answer (@ no, 1 in SP8S. Commands following first way are as
follows

Analyze — Descriptive Statistics — Descriptives...— Put PP, PH, NGL, YLD in the
variables list— Choose appropriate options from Options tab — Press Continue — Ok

Skl n 5 E B
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Another way:
Analyze — Descriptive Statistics — Explore...— Pot PP, PH, NGL, YLD in the
Dependent list— Choose both Statistics and plot— Press Ok

pom g, e |

To angwer Q no 2 follow the following steps
Analyze — Correlate — Bivariate— Put FP, PH, NGL, YLD in the Valinbles list—
Choose Fearson’s correlation coefficient— Press Ok

- S RGN
;-‘_T. . I
| ]

=1 - Bk
|
= ]
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To give the scatter plot of the variable PP ﬁm ;lepmdmt variable yield use following steps:
Graphs — Legacy disloga— Scatter ploi— Put PP at Y axis and YLD at X axis— Press
Ok

==

EEEN 2

& L

4 Lmwy Lrbwrs -

ey

To fit e multiple linear regression equation taking yield as dependent variable end all other
characters as independent variables perform following steps
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Analyze — Regression — Linear — Put Yid in Dependent variable and PP, PH, NGL in
independent variable list — Press Ok

- B o ke =f] B« =

- = |
= |
|
|
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Qutput:
e —_
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Basies of STATA with Special Comments on Tabulation

General Introduction to STATA and its Environment

STATA ig statistical software, which have characteristic of a package and langnage for
statistical computations. Although STATA is meant for statistical computations, it has strong
capability te handle large databases (for off line werk). It works as menu based and command
based system. STATA commmands are offen simple enouph that it is faster to use them
directly. Thig will be especially true once you become familiar with the commands you will
uge the most in your regular use of STATA.

STATA User Interface

When you start STATA the five mam windows will be shown; Review, Vanables, Results,
Command amd Properties. These are initially contaimed in the main STATA window. These
five windows are typically in use the whole ime STATA is open. There are other more
specialized windows, such as the Viewer, Data editor, Data browser, Do-file editor, Graph,
(1} Data Browser: to see the contents of data loaded in memory;

(2} Data Editor: to medify the data loaded in memory;

(3} Do Editor; for writing and executing STATA program;

(4} Viewer: to see log files and other text type files;

(5} Vatiable window: Comeins list of variables. Variables from this window can be
exported to command window (by mouse click);

(6) Review window: Previons commends of current session are kept in this window end cen
be exported to commend window (by mouse click);

{7} Result window: Remults of command are displayed in this window. Results can be
exported to text file or spreadsheet;

(8) Command window: Instruction in form of command is given in this window (they cen
be recalled from the Review window or by <Page UP> option of Key Board);

(9} Help: To see en-line help.

Bagic Unit of Dain

Data in 8TATA i3 orgsniged in tabular (rectengular) form ie. in the form of rows and
columns. Each row in STATA data set (dta file) 18 called an observation (record), which
corresponds to the object {(we can call it identifier} about which data partain. To recognize
identifiers, is most fundamental and essential aspect of understanding the provided data
Basic unit of STATA data set iz a eohmnn (vaniable). Each column (variable) has ils own
nama, type and characteristics and contains particular aspect of observation. Name of
variablez in STATA may be 32 characters long, but for compatibility with earlier versions
and other packages it ig better to use 8 character long vanable names. Since STATA ig case
sengitive, use of different cases in name of vaniable will be treated as diffexent variable, We
can divida columns in two parts according to characienistics;

{8} columnfcolumns as pert of identifiers (b) colomn/columns for explaining the
characteristics of the identifiers. For example colnnms related with household number and
individual id nomber may be part of identifiers and column related with age and sex may be
used for explaining the identifiers W_z?lbggwm These columns can contain



information in both forms i.e. in string as well as rumeric form. In fact how data, belonging
to perticular column will be stored in memory and which type of operetion can be performed
on it, depends on type of column. Types for nometric values in STATA are:

Type [Bytes [Minimom Maximom Closest valoe
to 0

byte |1 (127 126 H-1

int |2 32767 32,766 +-1

long |4 2147483647  [2,147,483,646 |+/-1

float |4 - 1.70141173318x [+/-10°®
1.70141173319x1 [10°®
038

double [8 i B.9884656743x1 [+/-10°>
36?334555?43:;10 07

Numbexz are storex] as byte, int (integer), long, float, or double, with the defaylt being float,
byte, int, and long are said to be of integer type, as they can hold only integers.

Stata keeps data in its memory and it should be recorded as parsimoniously as possible, If
you have a giring variable that hag maximum length 6, it would waste of memory to siore it as
a gir20 (string with 20 characters), Similarly, if you have an mteger variabls, it would be a
waste to store it as a double.

Remark:; Stata puts a value max (according to type)tl in mumeric type columns for blank
entry. Hence blank iz not really blank in real data set. For example Stata puts 32,767 for
blank in column of an imteger type.

Strings are stored as st¥ (# indicates the ‘place of nmmber’ in Stata), for instance, sirl, str2,
str3, ..., sr80. The nomber after the ‘stt® indicates the maxinmm length of the string. A
column of type str5 could hold & word of mexintum length 5 end hence it could store word
*male”, but not the word "female” because “female” contains six characters.

Unlike many databases, STATA does not have a separate data type for date. Dates are stored
a8 mumber in database but they can be viewed and seen with the available date formats.
Manipulation on dates ia very easy through its functions. Apart from dete columns, data may
be kept in memory through macro and matrix. Details of manipulation of date, macro and
matrix will be discussed later on.

Functions: At most upper layer, STATA assists you through it command and fanction. Each
STATA functions could be categorised according to following clagses:

« Mathematical functions

Statistical functions

Random numbers

String functions

Special fimctions

Date functions

Time-series functions
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In STATA there ars two types of functions - (1) functions used in expressions (2} specific
functions used in particuler commands like egem (to penerste a new column). The first
category of functions sre the free (independent of specific command) functions, which can be
used in creation of any expression. Under second category, functions tied with any particular
command cannet be used in expressions. Each function may be characterized by itz domain
{(input or argument) and range (output). General format for STATA function is

Function Name (Iist of argument separated bry space or comma)

Generally, arguments (options) of independent functions are separated by comma while
fimetions tied with particular commeand are separated by space. For example see the recode
funetion {(which ig independent fimetion) for generating the categorical data from continuous
data. Here arguments are separated by comma while for ‘rmam’ function, tied with egen
command, arguments are separated by space.

Expressions in STATA: An expression m STATA is composed through combination of
constants, variables, operators and fimctions, String Constants are given within double quotes
(II ||}'

Operators; There are three types of operators in STATA: (1) Arithmetic (2) Logical (3)
Relational, Following are the list of operators with their symbols.

Arithmetic Logieal Relational (oumeric
and string)

+ addition ~not > preater then

- subtraction | ot < less than

* multiplicetion & end >=> or equal

/ division <=+< or equal

 power = equal
~= not equal

+ string concatenation

Note that a double equal sign (—) i5 used for equality testing while = sign is used for
assignment.

Component of STATA Command: Componente of STATA commands ere: (1) command
name (2) arguments (3) by (4) if (5) in (6) weight (7) using (8) options. We can call by, i, in,
welght, using, option a3 clauscs for STATA command sentence.

General command syntax is

[try varlist:] command [varlist] [~exp] [if axp] [in range] [weight][using filename] [, options]

Here 'varlizt’ is used for list of variables and 'exp' is used for any expression. We can specify
‘varlist' using wild cards like -,*,? (varll, varl2 can be called as var?? or var*). In fact we get
two terms - varlist and mumlist, frequently used in STATA help. 'varlist' is list of vanables
and ‘numlist’ is list of numbers. There are certain rules (for short-cut) for defining these rules.
Anything wrilten in [ ] is optional (command may run without this. Components following
the command name before any clause (if present) are called arguments. Sequence of if, in,
weight might be changed in STATA command sentence, From general command syntax, we
can gee that only command name is eszential part. But it is not true for all commands. For any
specific command, which other components are essential, see help for that particular
command. For using the help from command window syntax it can be given as
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Altematively, one can use the search commend. Syntax of this command is

search [commend name]

For practice, see the help for ‘use’ ‘log’ and “abulate’ commands and list the components of
thege commands. Find the components those are essential.

Remark: STATA is case gensitive. All command gentences are written in lower case only.
Namge of variables or part of variable name may be in upper case up to width 32,

Help mechanism: Compoenents of help are:

(1} General command syntax: Here general commmand syntax with abbreviations (if used) ig
placed. Underlined letters identifies abbreviations for a conmmand which can be nsed to ran
the command ingtead of typing the full spelling. For example, command tabulate can be run
by typing only tab.

(2} Description; Here purpose of command is explained,

(3} Options: Gives the dstail about behaviour of command, which can be changed through
different options.

(4} Example: This part of help explaing how command may be used.

(5} Seealso: Gives the list of other related commands.

Broaed clessification of STATA commeands for tabulation On the basis of purpose, STATA
commands may be classified in eight parts

(1} Commands for loading (or importing} and saving data in main memory: Commands like
use, infile, insheet, infix, save, oulfile, outsheet belong to this class. In recent versions of
STATA import command has been added for importing data from other sources.

(2) Commands related to dats menipulation (changing existing data); Commends like
generate, egen, edit, sort, recode, xtlle, petile belong to this class.

(3) Commands related to tabulation (or summarising): Commends like tabulate,
summarize, table, tabstat belong to this class.

{4) Command related to combining data contained in two files: Commeands like append end
merge {mmerge and xmerpe are also available from internet) belong to this class.

{(5) Commands for reshaping (re structuring) the data sets: Commands like reshape,
compreas, collapse, separate belongs to this clags. Commands which have Teplace’ option,
behave as member of this class.

(6} Commands for contrelling working envirenment of STATA: Commands like set (with
different arguments), log, emdlog, more, for, ed, dir, type, shell, mkdir, copy, erase, help,
search, view belongs to this class.

(7} Commands for adding auxiliary mformation: Commends like label, notes, rename
belongsz to this class.

(8} Commands for displaying status of data: Commands like describe, inspect, cf|
compare, browse, list, count belongs to this clags. Command related with tabulation may be
used for this purpose.

Role of Log Files

Different packages provide facility of log. These log files keep the higtory of work,
performed on computer. Sometimes these log files are created and maintained automatically
end sometime by user. In STATA, these log files are used for keeping history of STATA
commands for preparing progrem files and recording the results for preparing reports. Main
chmcteﬂsﬁcsnfﬁTATAlngﬂesmmﬂﬁa



1. Two types of log files may be crested simultanecusly (bt not necessarily) with two
different names of fileg in STATA - one for recording history of command only and other for
command and results both,

2. Command for opening log files for keeping history of command only is “emdlog®. For
purpose of recording remlts and command both, command iz *log®

3. Both types of log filez can be opened, closed and suspended.

4, Currently opened log file can be viewed through viewer without cloging it.

Remark: Although not cloging STATA log files before ending the STATA session cause any
problem but sudden termination of STATA program (due to power failure) may disturb log
file.

Some Tmportant Concepts - Tabulation

Following concepts are not tied with STATA command. These concepts ars mors or less
nesded in any tabulation, although implemsntation of these concepts may be different in
different relational databases.

Scope of Command

Whenever a command issued in STATA, it is important to think ahout scope of command. Tt
is the scope of command, which specifies whether command should be applied on whole
dataset or a part of it, “if* and ‘in" clauses reduce the scope but ‘by’ clause classify the scope
of command, Commandsz like tabulate or table also classify scope of command. For example

consider the following data
Data-1

hhno ocpeode dist caste income
1 1 1 1 100
1 2 1 1 200
2 1 1 1 200
2 2 1 1 100
3 1 1 2 0
3 2 1 2 100
4 1 1 1 100
4 2 1 1 500
3 1 1 2 300
3 2 1 2 0
& 1 1 2 100
& 2 1 2 0
7 1 1 1 500
7 2 1 1 0

8 1 1 1 0

8 2 1 1 1000
g 1 2 2 100
g 2 2 2 200
10 1 2 1 0
10 2 2 1 100
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11
11

100
500

12 100

12 600
The commend ‘summarkze income', summarize has scope on total data. In command ‘tab
caste ocpeode i dist—1, summ(income)’, scope of summarize has reduced to district with
code 1. Apain scope of summerize is partitioned by castz and occupation group. Total 9
groups {(by including total, caste and occupation has 3 groups each) are formed and for each
group means are calculated within the scope.
Analysis of Base Statement
Very often people start preparation of table before analyzing the basic statement (title) of
table. Some time titles are given and some time it has to be created. Basic problem arises
when basic statement for table ig not created in structured mannet. There are four components
of sttuchared stateanent for table: (1) sunmmary (2) summary variables (3) base (4) by
variables. "Summary' part containg statistical procedure, like mean, smm, min, max, percent
etc. on data. ‘Smmenary variable’ is such variable on which statistical procedure has been
applied Identifying base for tabulation is most fimdamental part but sometimes it may be
hidden in the tifle statement (it genorally follow 'of)). By variables are variables through
which scope of statistical procedure iz classified. A struchmed staiement is written in
following mamner
summary. summary variable: base: [by]
It is pertinent to mention that ‘by’ is optional.
Now consider the bagic statement for creating a table (based on Data-1):
“mean of income by caste”. Sometimes, for same purpose title may be given as: “mean
income of caste™. There may be other ways to write the title. But above-mentioned titles are
not structured. Second statement i3 more nearer to structured statement. If we follow the rule
for structured statement, above statements may be written 83 (a) and (b) respectively.
{(a) mean: income: missing: caste
(b) mean: income: caste: missing
In first statement ‘base’ part ia missing and hence it is not clear whether income should be
calculated for individuals or households (g2 both are given). In second statement by’ part is
missing which is not necessary but use of by’ part gives clear picture of relationship. Real
structured statement may be obteined by filling missing part in (a).
After writing atructured gtatement, most important agpect is to check layout data on which
tables should be prepared. Here fundamental rule is data should be uniqnely identified on
base. For example if missing part is filled as *houschold’ (and hence real statement ig "mean
income of houschold by cazte”) and data is supplied by Data-1. This data camnet be uged as
such for the purpose of making above mentioned table directly, because data ig net uniquely
identified on housshold This data can be directly used for statemsnt ‘mean income of
occupation of housshold by caste’. In this case parts of statement will be as fellows:
mean: income: occupation of household: caste

b b b b2
e b b

1
2
1
2
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Betore tabulation always check whether any indication of reduction of scope. For example if
statement is given as “mean income of household by caste for district 1 or “mean income of
household by caste for occupation 1 and district 1*

Categorical V. Continnons Data

Information contained in variable and represented by number may be categoriged in two
types - quantitetive or qualitative. Information about quantities or value like quantity or value
of some serial mumber is example of quantitative data. Sometime numbers may represent
different categories like casis or land group. Such variables are called qualitative or
categorical data. These vatiables are used for categotrizing the 2cope. In peneral there is no
meaning of applying operation like mean or sum ot such variables. On the bagiz of
quantitative data, cateporical data may be generated through recode functon through
generate command or ¢ut fimction in ¢geém command,

Composition and Incidence

These two concepts zre frequently used in preparation of table. These are represented in
termg of percent, Term composition is alternatively used as Distribution, This distribution is
represented in 100 and generally 'tabulates' command is used in STATA for thizs purpose.

Suppose data ig given as follows

Data-2
hhne | idcode sex | edn caste
1 1 1 Tliterate 2
1 2 2 Iliterate 2
1 3 2 iterate 2
1 4 1 Below prim. 2
1 5 2 Un formal 2
2 1 1 Below prim. 1
2 2 2 Middle 1
2 3 1 High 1
2 4 1 Un formal 1
2 5 2 Iliterate 1

For sex, 1 represgents male and 2 represents female

For caste, 1 ropresenis Gensral caste and 2 represent SC

Now if we want to know the composition of sex on the basis of casie (Le. by casie).
Structured statement may be written as:

compogition; sex; individual of household: caste

Since dats ig vniquely identified on individual of household direct data may be used without
any reshaping. Total number of persons by caste and sex is

caste

female

Total

1

2

3

2

Total

3
2 3
3 3

10
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For getting composition of caste, totel number of male and female in each caste may be
represented as percent of total mumber of persons in respective ceste. Command used for

purpose is
tab caste aex, row nof
BEOX
wte il [emale | ™
1 60 40 100
2 40 60 100
Total |50 50 100

Position of 100 gives information about varisble for which composition is obtaimed Since
100 is placed in lins of caste, table gives information about compogition of caste.

1f we use the command

tab caste sex, col nof

caste BEX Total
male female

1 60 40 50
40 60 50

Total 100 100 160
Since position of 10{ is placed in line of sex, this table gives composition of sex.
STATA cen represent both compositions in single table. Through place of 100, we can
identify composition of respective variable. For example if we use command
tab caste sex, row col nof

the result will be like this
F1-7 4
e e EmE |
1 %0 20 100
20 50
2 20 0 100
60 50
Total |50 50 100
00 |00 100

Here collection of upper figure in each cell (as 100 is placed in upper half of cell} gives
composgition of sex, Similarly collections of lower figure in each cell give composition of
casts,

Incidence is third factor represented in data, In general other factors effect the table through
reducing or forther classifying the tables (through “by' clause or as supper column variable).
Incidence does not affect the scope. Incidences in certain groups give percentage of number
of observations, satisfying the condition of incidence factor wat. totsl number of
observations belonging to that group. In other way incidence is some sort of rate. For
example suppose we want to get the incidence of literacy by caste and sex on the basis of
Data-2.

We get totsl number of person by caste and sex as follows:
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tab caste sex, nolabel

86X
caste T > Total
1 3 2 5

2 3
Total |5 3 10

Total mmmber of literate person by caste and sex is as follows:
tab caste sex if adu-~— "Mliterate", nolabel

8eX
caste 1 3 Total
1 3 1 4
2 1 1 2
Total |4 2 &

Incidence of literacy may be obtained on the basis of above two tables as :

X
caste 1 3
1 100.00 | 50.00
50,00 | 33,33
Total | 80.00 | 40.00

Here we can see total number of male in caste 1 is 3 and out of these 3 all are literate. Hence
incidence of literacy for male of caste 1 is 100. Similarly total number of female in caste 1 is
2 and out of 2 only 1 ig literate hence incidence of literacy ig 50.

For getting such incidences it is not necessary to generate two scparate tables. First write the
statement in structure form in following manner:

ineidence: literacy: individual: cazte and sex

Thue we see here literacy is new variable, which may be created on the basie of education.
This variable containg two type of values 0 for all ids which are not literate and 100 which are
literats. Now modify the sttuctured form as

mean: litetacy: individual: caste and sex

It is left as exarcize, how this mean represents percent of literate people in each group.
Wide vs. long data

Many timeg it is required for compulation it create separate records for information
belonging to different colimms or variables. For example

Data-3

hhn idgron incom idgroup? income2 idgroupd income
o pl el 3

1 {1 1000 020305 2000

2 {1 2000 0203 2000 0206 1000

3 0104 1000 0402 2000

4 01020304 4500

5 010203 2000 0304 2800

6 0102 2000 0104 500
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7 03 4000
8 010203 2000 02 3000
9 01 2500
10 0102030 2000

4
11 01 1500 03 1500
12 01 500

In this data three type of incomes, income from agricolhme (incomel), income fiom wage
(income2} and income from buginess (income3) are piven for 12 houscholds. Similatly
idgroupl, idgroup2, idgroup3 represent list of ideode involved in respective occupations.
Other form of database for similar information may be as follows:

Data - 4

hime ocpcode  idgroup income
1 1 01 1000
1 2 020305 2000
y 1 01 2000
y 2 0203 2000
y 3 0206 1000
3 2 0104 1000
3 3 0402 2000
4 3 01020304 4500
5 2 010203 2000
5 3 0304 2800
] 1 0102 2000
6 3 0104 500
7 1 03 4000
B 2 010203 2000
8 3 02 3000
9 3 01 2500
10 2 01020304 2000
11 2 01 1500
11 3 03 1500
12 2 01 500

Here additional field ‘ocpeode’ {occupation code} gives information about occupation of
household Occupation code 1, 2, 3 represents agriculture, wage and business respectively.
Format of Data-3 iz wide type of data, while format of Data—4 is called long type of data. We
can geq from hoth layouts that in wide type of data more colmmms are needed while in long
type of data more records are needed to accommodate same information, Both layouts have
their benefits, In Data-3 we can identify that households very easily, which have more
income from wage than agricylture, while it is not as siraight forward in long type of data
{(Data-4) {(may be possible through use of subscripts in STATA). In other way it is not
posgible to get average income by occupation in single table for Data-3 which is possible in
Data-4. Many times for merging two files it i3 necessary to change layout of datm. For
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chanping layouts of dats commends like collapse or reshape are used in STATA. Many
commands like table, which has replace option, may be used for changing layout of data.
Merging Vi. Appending Data Files

For practical purposes it iz general practice to break total information in separate files. Since
STATA can open only single data file at a time, at time of tabulation, it ig required to bring
different information from different files at single place. In different paradigm of databases,
where many tables can be opened (directly or indirectly) in different work areas at the same
time, same papose i achieved through linking tables. In STATA, such type of work may be
done by merge command In STATA only two files can be merged with single merge
command. In STATA, two files which are merged ate called as master file (which is
currently opened) and using file which resides in hard diske After merging, all varisbles of
using files are added io vaniables of master file. Hance it is suggestad to keep only necegsary
variables and save thig with different name amd then merge with master file, Befors merging,
it is necessary to decide key fields (common in both file} through which recends of both files
can be linked. These fislds should be such that, records of using files (not necessarily master
file) should be vniquely identified on the basiz of key field. Steps for merging two files can
be summarised as follows:

(1}  Decide which two files should be merged;

(2}  Decide which fields are key fields;

(3}  Decide which file should be “master’ file and which should be ‘using’ file. “Using’
file should be uniquely identified on key field(g);

(4)  Keep necessary fields in “using’ file, sort on key fields and save with other name;
(5) Open ‘master’ file and sort it on key ficld(s);

(6) Use merge command,

Merge command generate a system variable with name * merge’ (if other name is net
specified through merpe () option). This variable shows the link status of records of both
files. For detail see help of *merpe’.

Concept of Blanks

In STATA blank ig treated in very gpecial manmer. In most of the tabulation commands blank
ie not included unless it iz specified by given option (if it ig given) in command. A special
care ig needed in caleulation of mean,

Data -§
hbno caste land size
1 2 05 5
2 1 0 8
3 3 0 4
4 3 1.5 6
1 2 25 8
6 4 3 7
7 4 05 6
8 1 08 5
9 2 0 4
10 2 0 6
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hbno caste land size

11 2 25 3

12 2 25 2
Suppose we want to calculate average land size by caste. Two different result could be
obtained if landless houscholdz are represented by . (blank) or . In first case average size
will repregent average of these houscholds who pessess land while in other case it represent
average of all houscholds whether it possesz or not any land. Before obtaining average it is
bettet to check the summary variable and conwvert it to *.” or ‘0" according to need
Free v, fixed format
Although there are separate ufilitiez for imporfing data from other type of databases, most
common technique is cotrvert data of other sources in text format (fat file). With most of the
databages and spreadsheet such utilities are available, Import of such text file can be domne
through ‘insheet’ or ‘infile’ command (in recent versions of STATA, import conmmand has
bemn used for importing data). These two types of commands work with two different formats
of text files - free format and fixed format, Free formats (also called as delimited files) are
those files in which information contained in different colummg (or fields) is separated by
some separator like tab or comma. In the fixed formats, information is not separated by
separator but is separated according to defined position in the record, In STATA, such type of
definition {(byte position for a variable) is given in form of dictionary or it can be directly
used in commend. Command “Infile’ or *Infix* uses dictionary for importing data in STATA.
STATA exports data only in fixed format through ‘ountiile’ or ‘outshest’ command.
Weight
Due to sampling degign or due to some logical reason, it is some time needed to provide
weight to each observation in database. Informetion conteined in some variable may be used
a8 weipght or additional veriable may be created with that type of information. For attaching
weight to observations, variable which containg weight, is used directly. According to way
throngh which these weights are used STATA provides four types of weights namely-
fweight (frequency weight), aweight (analytical weight), pweight (inverse probability
weight), iweight (importance weight). Most frequently used weight is fweight, For petting a
fecling how weight effects results, for Data-5, use command fab casie. Regult will be as
followed:

caste Freq. Percent Cum.

1 2 16.67 16.67
2 6 5000  66.67
3 2 16.67  £3.33
4 2 16.67 100.00
Total 12 100.00

Now using the command

tab caste [w—size]

we get following result with additional line

(frequency weights assumed)
caste Freq. Percent Cum.
1 13 20.31 20.31
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2 28 43.75 64.06
3 10 15.63 79.69
4 13 20.31 100
Total 64 100
Generate a new variable with
gen temp=1* gize
table caste, o{sum temp) row
caste sum temp
1 13
2 28
3 10
4 13
Total 64

Comparing this teble with just above it, we get justification of ‘fweight’. ‘fweipht’ create
duplicate records (hypothetically) those many number of times given by weight variable (here
size). Thus for caste 1 there are two observations related with house no 2 and 8 with weight 8
and 5. Hence on the bagis of 8 duplicate records of house 2 and 5 duplicete records of house
no 8 total numbers of obgervations may be obtained 13. Similarly by using command table
caste [w=eize], o{mean land) format{%5.21) row

(frequency weights assumed)
caste mezn land
1 10.03
2 0.77
3 0.9
4 1.64
Total 0.82

Using the above mentioned logic of duplicate records, we can check everage land size for

caste 1 is (0*8+.09*5)/13 {.03). For details of aweight, pweipght and iweight see STATA

manusal.

Labels

Stata provides facility of attaching much auxiliary information with data. Although from

Stata7.0 onwards, we can keep variable name up to 32 lengths and it is sufficient to fix

informative name to variable. Apart from thiz we can atiach a label to variable for providing

more information about variable. Some of the commands use this label in preparation of table

and makes table more readable. Another type of label may be attached to value of categorical

data with the purpose of maling it more readable. Such type of labels is called value label.

All type of operation like defining labsls, dropping labels; modifying labels are govemned by

‘label’ command

Freparation of Report

(1} Locate the files m which necessary mformation (variables or columns are contamed).

(2} Bring all necessary information in one file using mexge and append (in STATA only

one file can be opened at one time).

(3} Clean the logical incongistencies of data contained in variables related with report,
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(4) Divide the whole table into parts according to limits of STATA commands (tabulate,
table or tabstat). Number of required commands {without *for’ command) depends upon
columns used in report. If all columns of repert belong to single variable then one tab (or
table) may be sufficient. Sometimes it iz possible to bring data of different variable in one
variable though 'reshape’ command. In guch case many tab (or table) command may be
replaced by gingle tab (or tabulate) command.

(5) Check whether any reghaping (use of reshape or collapse) is needed for particular part.
If yes, then save data ag some teporary file and proceed further. This temporary file may be
reopened if data before reshaping are needed

(6} Generate variables for respective parts of report (if needed).

(7} Generate tables for respective part

(8} DPBring all tables in EXCEL shest and prepare final report,
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R Software for Statistical Analysis

Introduction
R iz a free software environment for statistical computing and graphics. It is almost perfectly
compatible with S-plus. The only thing you need to do is download the sofiware from the
intemet and use an editor to write your program {c.g. Notepad). It contains most standard
methods of statistics as well as lot of less commonly used methods and can be used for
programming and to constryct your own functions. It is very much a vehicle for newly
developing methods of mteractive data analysiz. It has developed rapidly, and has been
extended by a large collection of packages. It is available for down load from http:/fwww.r-
project.org/. The primary purpose of this chapter is to introdnce R software for beginners.
To Download R Software

In any web browser (e.g. Microsoft Intermet Explorer), go to: hitp://www.r-projiect.ore.
You will see a page like

e 4

{ﬁ The R Project for Statistical Computing

g Shmrios

. Downloads: CRAN {On your left hand side you will see CRAN).
. Set your Mimmer; Anyons in the Indin or any other country is fins,
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. On your right hand gide you will see Downlead R for Windows. Click there

# Click on base

. Click on R-3.2.0.ex¢ and save it fo your hard disc.

. This is the latest avsilable version of the software. It is en ‘.exe’ file, which you can
save in your hard disc. By double clicking on the name of this file, R is sutomatically
installed. All you need to do is follow the installation process.
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To Open R Software

The installation process sutomatically creates a shorteut for R. Double click this icon to open
the R environment. R will open up with the appearance of a standard Windows
implementation (i.e. various windows and pull-down menns). Note that R is an interpreted
language and processes commands on a line by line basis. Consequently it ig necessary to hit
ENTER after typing in (or pasting) a line of R code in order to get R to implement it.

To Run R Program Code

The main active wihdow within the R enviromnent is the R Console. This ig a line editor and
output viewer combined itto one window. Here at the commmand prompt (the symbol > ), we
can enter R commands which ruh instantly upon pressing the carriage return key. This sign
(>} is called prompt, since it prompts the user to write something, see below.

L T

=L ]

B e e e S i —— Csieiiea

We can elso run blocks of code which we have copied into the paste buffer from another
source. In this session we shall use the Windows-supplied editor Notepad to display and edit
out R program code. If we were to write some R of code, then simply copy it from the editor
and paste it into the R. Console, then the code would run in real time.

To Open the Editor

Here we are using the Windows-supplied editor Notepad to display end edit our R program
code, although any general-purpose editor will suffice. Open Notepad by going to the Start
button and clicking on:

Start > All Programs > Accessories > Notepad

Having opened Notopad, open the file, for example, Intre to R.txt {containing the program
code, assume that it is copied in C: / derive} by selecting the following option from the pull-
down menu:

File > Open

Click on the down-amow at the top of the “Open” dislog box and change the selection to
“Look m” C:\. You should now see the filename Intro to R.txt among a list of files,
Double-click on the filename to open it.
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A Conple of Other Useful Things

. Please remember that R iz case-sensitive so we need to be congistent in our use of
lower and upper cage letters, both for commandz and for objects.

. ‘When the program has finished, we should ses the red command prommpt { > ) pop up
in the R Console window. This mdicates that conirol it relrned io the user, so that you can
now type mere R commands if you wish,

. A comment in R code begins with a hash symbol (#). Whole lines may be
commented or just the tail-end of a line. Examples are:

Help

Himl-help can be invoked from the Help-menu. From the opening webpage, you can access
menuals, frequently asked questions, references to help for individuel packepes, and most
importantly, Search Engine. Help is the best place to find out new functions, and get
descriptions on how to nse them.

e

Getting Started With R

Commands in R are given at the command prompt.

Simple Calcnlations, Vectors and Graphics

To begin with, we’ll use R as a calculator. Try the following commanda:

2+7

2/(3+5)

sqri{9)+5°2

sin(pi/2)-log(exp(1))

Help about a specific command can be had by writing a question mark before the command,
for instance:

Nog

As an alternative, help can be used; in this case, help (log). The help files are a great resource
and you will zoon find yourself using them fraquently.

Comments can be written using the #-symbol as fellows:

2+3 # The answer should ba 5
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Vectors and Matrices

Vectors and matrices are of great importance in meny numerical problems. To creste a vector
named my dats and assign the values 7, -2, § to it, we write a8 follows:

m}'dm“:- G(?,—Z,S)

The symbol <- {or alternatively nse =) should be read as “asgigns”. The command ¢ can be
interpreted (by you, the user) as colummn or combing. The second element of the vector can be
referred to by the command

mydata[2]

and elements between 2 and 3 (i.e. elements 2 and 3) by

mydata[2:3]

Vectors can be manipulated, for instance by adding a constant to all elemenis, as follows.
myconst <- 100; mydata + myconst

Using the semicolon allows us to write multiple commands on a single line.

A vector x consisting of the integers between 1 and 10; 1, 2, . . ., 10; can be created by
writing

x <-¢{1:10)

Vectors with sequences of numbers with particular increments can be created with the seq
command:

mydatal <-zeq(0,10,2) # integers between () and 10, with increment 2

Repd xend y

x<-¢(2,3,1,5.4,6,5,7,6,8)

v<- (10, 12, 14, 13, 34, 23, 12, 34, 25, 43)

Read two vectors

weight<- ¢(60, 72, 57,90}

height<-c(1.75, 1.80, 1.65, 1.90)

bmi<- weight/height*2 # Compute body mass index (BMI)

Functions on Vectors

lenpth(x) ¥To compute length of data in x.

[1] 10

sum(x} #To compute gum of data in x.

[1]147

sum(x*2}

[1] 265

mean(x) #To compute mean of data in x.

[1]14.7

mean(y)

[1]22

var(x) #To compute vanance of x,

[1]14.9

sqri{var(x)) # To compute standard deviation of x,

[1] 2.2135%4

sum({(x-mean(x})"2)

[1] 44.1

sqri{ver(x}ymean(x)* 100 #To WEFWM of variation



To compnte summary featnres of datain x

summary(x}

Min. 1et Qu. Median Mean  3rd Qu. Mex.
1.00 325 500 4.70 6.00 8.00
To compute sammary features of data in x

summary(x”2}

Min. 1t Qu. Median Mean 3rdQu. Max.
1.00 1075 2500 2650 3600 64.00
Some Calculations

sum(weight)

mean(weight) or sum(weight) length(weight)

Denoie by xbar— mean{weight) then

sqrt(sum((weight- xbary2))/ length(weight))

sd(weight)

cor(x,y) #To compule correlation coefficient between x and v,
var(xy) #To compute covariance between x and v,

Slightly more complicated example ...

The rule of thamb s that the BMI for a normal welght individual should be between 20
and 25, and we want to know if our data deviate systematically from that.
. We can use a one sample t test to assess whether the 6 persons’ BMI can be assumed
to have mean 22.5 given that they come from a normal distribmtion.
. We can use function t.teat
. Although you might not be knowing about t test bui example is just to give some
indication of what real statistical output look like
ttest (see ? t.test)
t.test {bmi, mp=22.5)
One Sample t-test
data: bmi
t=-.5093, df=3, p-value = (.6456
alternative hypothesis: true mean is not equal to 22.5
95 percent confidence interval: 18.29842 25.54231
sample estimates:
mean of x
21.92036
If m is not given then t.test wounld nae defanlt =0
The p vahie is not small, indicating that it is not at all unlikely to pet data like those observed
if the mean were in fact 22.5
Packages
The base distribution already comes with some high priority add on packages, for
example, boot, nlme, stats, grid, foreign, MASS, spatial etc. The packages included as default
in bage distribution implement standard statistical functionality, for example, lincar models,
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classical tests, & huge collection of high level plotting functions etc. Packages not incladed in
the base distribution can be installed directly from R prompt.

Classical Tests

To load the library of classical testz statistics available with R seftware use library(stats)

#To get results of t-test for comparing population means of x and y when variances are not
equal.
tiest(x,y)
# To get results for nsual t-test when variances are equal. If T is replaced by F then it is equal
to ttest(x, y)
test(xy,var.cqual=T)
.test
library(stats)
x<-6(2,3,1,5,4,6,5,7,6,8)
v <-¢(10, 12, 14, 13, 34, 23, 12, 34, 25, 43)
mean(x)
mean(y}
var(x,y)
cor(x,y)
t.test(x)
t.test(x,y)
t.test{x,y,var.equal=T)
vat.test(x,y) #To compare vatriances of x and v.
The commands rbind end cbind can be used to merge row or column vectors to matrices.
Try the following:
x <-¢(1,2,3)
¥ <- 0(49516)
A = cbind(x,y}
B = rbind(x,y)
C =B}
The last command gives the mairix transpese of B. Now type A, B or C to seec what the
different matrices look like.
Simple Graphics
Graphics- one of the most important aspects of presentation and analysis of data Is
generation of proper graphics
. CGraphic features of a data can be viewed very effectively using R-software
. Graphs of functions can be drawn by constructing snitable vectors and using the plot
command.
. plot: both 1D and 2D plots (ace ?plot)
Scatter plots: are useful for studying dependencies between variables. Try writing
. Using the plot command.
x <- 5£q(0,10,0.2)
y <- sqri(x)
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plot(x,y); grid()
. As one might guess, the last command adds a grid to the plot.

Plot(x,y, type="h",col="blue",Iwd=1,lty—4,pch=5, main—"My plot", xlab="x axis", ylab="y
axis"™}

grid{col="red"™)

-+

My plof My plot

plot(xy,type="b",col="blue" twd=1 lty=4,pch=5, main="My plot®, xlab="x axis", ylab="y
axia")

grid(col="red"}

text{8,2,"this iz my example plot™)

abline(h=1,v=4, col=c("darkred","green™), lty=c(1,4),lwd=c(4,6))

reg.lm=lm(x~y)

abline(reg.lm, col="red" lwd=6)  #To add the regresgion line
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My plok My ot

Save graphics by choosing Flle -> Save as

Bar Plot

x1 <- ¢(400, 300,600,530,425)

Suppose data in x1 are average MPCE of some states whose names are to be assigned against
their value. Following commands ere required:
nsmes(x1}y<-c("UP","MP","Punjab”,"TN","WB")

To sssign nemes of states. Double quotation mark * ® means that names are characters not
numeric.

barplot(x1, names—names(x1), ylab="MPCE (Rs)",col="blne")

B
w3
u I
LF L P iz I (L=

barplot (xl,names = names {x1), ylab = "MPCE (Rs)", col = ¢ ("blue", "red", "gray",
“orange”, "black"™})

!-
H
i_
!_
= - -

Pl - wa
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Tharplot

Histoprams

A histogram can be used to study the distribution of continmous dats. Unless they sre
explicitly stated, R chooges the numbers of classes and class width when the command hiat is
usged.

#penerate 100 random mumbers from standard normal distribution

u<- rnorm{100)

hist{u) #defanlt histogram

#with shading

hist(u, density=20)

Hestegram of i HEOpa ol U

# proportion, instead of frequency also specifying y-axis

hist{u, density=20, breaks=3:3, ylim=c(0,.5), prob=TRUE)

Histagram af u

hist(u,freq=F,ylim = c(0,0.3)}
curve(dnomm(x), col = 2, ky = 2, Iwd = 2, edd = TRUE)

The freq=F arpument to hist ensures that the histopram is in terms of densities rather than
absohute counts

-
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Histegram of u

# overlay normal curve with x-lab and ylim

# colored normal curve

m<-mean(u} ;std=<-sqri{var(u))

hist(u, density=20, breaks=20, prob=TRUE, xlab="x-varigble", col="red", ylim=c{0, 0.7),
mein="normal curve over histogram")

curve(dnorm(x, mean=m, sd=std}, col="darkblue", lwd=2, add=TRUE)

mormal curvs owver histogram

hist(n, density=10, breake20, col="rad", prob=TRUE, xlab="x-variable",
ylim=¢(0,0.8),mair—="Dengity curve over higtogram™)

lines{density{u),col = "blue™)

=

Density curve over NESogram

o= e [ o e s |
|.|'_- e o | -:-:-:|_.

Box Flois

Box plots are alzo a useful toel for studying data, It shows the median, quartiles and possible

outliexs. The R command is boxplet, which we use on the same variables as the histogram.
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boxplot(u, xlasb="my variable”, boxwex=4)
boxplot(u, xlab="my variable", boxwex=.6,col="blue", Ity=2 lwd=2}

# we creat date: three variables

ul<- morm(100) # 100 rendom number from stendard normeal distribution

u2<- rchisq(100,5) # 100 random number from chisq distribution with mean 5

u3<- morm(100,5,1) # 100 random number from normal distribution with mean §, sd 1

boxplot{ul,uZ,u?, boxwex=.4)
boxplot{ul,u2,u3, boxwex=c{.2,4,.6),col=c("red","blue","green™)

variablename<-c{"low","medium", "high"™)

boxplot(ul ,u2 13 names=variablename, boxwex=(.2,.4,.6), col=c("red","blue","green"),
ylim=¢{-5, 20}, xlab="veriable statug™)

boxplot{ul,u2,u3 names=variablename,
boxwex=¢(.2,.4,.6),col=c("red","bloe"," green"), ylim=c(-5, 20),xlab="variable status™, notch
= TRUE)
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##1ry

boxplot(u, xlab="my veriable”, pars = list(boxwex = (.5, staplewex = .5, outwex = 0.5),plot =
F)

boxplot(u, xlab="my veriable”, pars = list(boxwex = .5, staplewex = .5, outwex = 0.5),plot =
T)

Thoxplot

Handling Data

Creating Data Frames

The command data.frame can be used to orpanize data of different kinds and to extract
subsets of seid data. Assume that we have data about three persons and that we store it a3
follows:

length <- ¢{180,175,190)

weight <- ¢(75,82,88);

e o« ﬁ("ﬂﬂﬂ","ﬂnkit","suﬂﬂ")

frisnds <~ data frame{name lenhgth weight)

frisnds is now a data frome containing the dats for the three persons. Data can easily be
extracted:

my.names <- friends$name

length <- friends$length[1]

Reading Dats from Files

It is common that data is stored m a text file and that we wish to import the data to R. We will
study two cases; one with purely numerical data and one with numerical date with headers. In
the file coins.det data about the amount of silver in 27 silver coins from different epochs is
stored. When we use the command

mynt] <- read.table{"coins.dat™}

R creates g structure with two colummns with headers V1 (amount of silver) and V2 (epoch).
To see the properties of the tenth observations we write

mynt1[10,] # [10,] means “everything on row 10"

If we only want to see the smount of gilver in the tenth coin we write

mynt1$V1[10] # vector V1 (the first vector), row 10

or

mynt1[10,1] # row 10, colommn 1
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Clearly, it’s important to kmow which dats is stored in which column. To make this clear one
can give the colummns headers when importing the data:
mynt2 <- read.table{"coins.dat”,col.names—c("Silver”,"Epoch")}
so that the strings Silver and Epoch will be used instead of V1 and V2. Let us know study the
same data set, but with the data stored in a slightly different way. The file coins.txt has the
same data stored, but with headers stored on the first row of the file. To import the data with
headers we write
mynt2 <- read table ("coing.txt", header=TRUE)
Try to aceess information about particular observations as before!
There are funetions for importing data from, for instance, databages or Bxcel spreadsheets as
well, but these are more advaneced and not covered in thig lecture. Usually, howevet, one can
copy the data from the database or the spreadshest to a text file and then import it, so that the
read.table command can be used.
# clean out the workspace
rm(list=1s()
#List objects in workspace
150
#File path is relative to working directory
#(et or Set Working Directory
getwd()
setwd()
# e.g. setwd("C:/Documents and Settings/Myfiles™)
Writing data from files
X <- matrix(1:20,ncol=5) # generate dats in matrix form
write(x, "C:/ xm.txt™)
write (x, " C/ xm.csv™)
write (x, "C/ xm.cav" aep=","}
write.table(x,” C:/ xm.x1s",sep="%"}
Analysis of » Data Set
We will study a data set from the early 70°s, with data about different cars (Cars data get).
Load the data et by writing
data(mtcars)
it cam read more about the data by looking at the help file:
mtcars

mtcars packege:datasets R Documentation

Motor Trend Car Road Tests

Description:
The data was extracted from the 1974 Motor Trend US megazine,
and comprizges fiel consumption and 10 aspects of sutomobile design
and performance for 32 amtomobiles (1973-74 models).

Usage:
tteais

Format
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A data frame with 32 obzervations on 11 variables.
[, 1] mpg Milea/(US) gallon

[, 2] eyl Number of cylinders

[, 3] disp Displacement {(ci.in.)

[, 4] hp Gross horsepower

[, 5] drat Rear axle ratio

[, 6] wt Weight {Ib/1000)

[, 7] gsec 1/4 mile time

[ 8] v V/S

[, 9] am Transmission {0 = automatic, 1] =manual)
[,10] gear Number of forward gears

[,11] carb Number of carburetors
Source:

Henderson and Velleman (1981), Building multiple regression models

interactively. Biometrica , *37%, 391-411.

Examples

pairs(micars, main = "mtears data™}

coplot{mpg ~ disp | as. factor{cyl), data = micars, panel = panel smooth, tows =1)

Exercise. Angwer the following questions nging the help file:

1. How many cars are included in the data set?

2, 'Which yearzs are the models from?

3. What does the mpg value desribe?

To see the entire data set, simply write

micars

Exercise. To get familiar with the data set, answer the following non-statistical questions.

1. Are there any cars that weigh more than 5000 (1b/1000)?

2. How many cylinder has the motor of the Volvo 142E?

3. Are there any cars with 5 forward geara? Do they have antomatic or manual transmisson?
Descriptive Statistics

Data can be summarized using simple measures such as mean, median, standard deviation,
maximum and minimom and 8o on. A summary of a few such measures for the mtcars data
set is obtained by writing

summaty(mtcars}

Meazgures can also be studied one at a time:

mean{mtcarsShp); median(mtcars$hp); quantile(mitcars$wt), max(mtearsSmpg)
sd{mtcars$mpg} # standard deviation

var{mtears$mmpg) # varisnce

sd{mtcars$mpg)"2 # sd*sd=var?

The commend attach iz very useful when dealing with data frames. By writing atiach({mtcars)
the references io the vanables in micars can be shoriened; instead of the long references
above we can wrile;

mean(hp); median(hp); quantile{wt); maz(mpg)
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The sequence of commands below plots two histograms in one window, the first being the
histopram for mpg and the second for wt.

par(mirow=c(1,2)}; hist(mtears$mpg); hist(mtcarshwi}

par(mfrow=c(a,b}) pives a rows with b plota on each row. Using the parameters freq when
calling hist we can plot a histogram with relative frequencies instead of frequencics. Such
histograms can be viewed as estimates of the density function of the data. Read in the help
file about what hist{mtcars$mpg, freq=FALSE)} means and then ses for yourself by typing the
commmand.

boxplot{mtearsSmpg); x110); boxplot{mtcarsSwi)

The x11 command opens a new window which the next figure will be plotted in.
plot{mtcars$wimicars$mpg)

Does the zlope of the clusier seen reasonable? The comrelation (which measures linear
dependence) can be calculated ysing the command cor {use to help file to see how). What is
the correlation in this case? Does it agree with the slope?

cor(micars$wt,mtcarsfmpg)

Linear regresgion

Im{micars$wi~mtcars$mpg)

Try to see help (lm)

Quiiting R

R can be closed with the command q( ). After issuing the quit commeand, R asks whether to
save the workspace or not:

I LAl e ] [
"

It is usnally a good idea to save the workspace, since this creates a gpecial file that can be
directly read inio R, and one can commemce working with the same datasets and results
already generated without a need to start from the scratch again, Saved workspace ig in a file
called RDaia, and all the commands given during the same R session are saved in a file
celled Rhistory. To load the workspace into R agsin, one can simply double—click on the file
Rdata, and R should open sutomatically with all the data and results loaded. Note however
that libraries are not loaded automatically, and these should be loaded (if needed) before
commencing the work

Strengths and Weakneses of R

Strengths

free and open source, supported by a strong user conmmnity

highly extensible and flexible

implementation of modemn statistical methods

moderately flexible graphics MEAS %tﬂdscﬁults



Weaknesses
. slow or imposgible with large data sets

RDﬂelupmthoreTcam{Zﬂlﬂ) R,Alangnageanden\ruonmmtformusmalmmpuung.
R Foundation for Statistical Compiting, Vienna, Aystria. URL; http://www R-project.org,
WWW.T-project, org
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An Introdunction to MATLAB

MATLAE is a programming language developed by MathWorks. It started out as a matrix
programming langusge where linear slgebra programming was simple. It can be run both
under interactive sessions and a5 a batch job. MATLAR is an interpreted language for
mumericel computation. It ellows one to perform numericsl calculations, and visualize the
results without the need for complicated end time consuming programming. It has statistics
toolbox which is very useful. MATLAB allows its users to accurately solve problems,
produce graphics casily end produce code efficiently. Beceuse MATLAB is an interpreted
lenguage, it can be slow, snd poor propramming practices can make it unacceptably alow.
Introduction

MATLAB is a high-performance language for technical computing. It integraics
computation, visualization, and programming in an easy-to-uge environment where problems
and solutions are expreazed in familiar mathematical notation. Typical uges include:

Math and computation

Algorithm development

Modeling, simulation, and prototyping

Data analyzis, exploration, and visualization
Seientific and engineering graphics

Application development, inchuding Graphical User Interface building

MATLAB 1% an interactive syziem whose bagic data element i3 an aray thai doeg not
require dimensioming. This allows you io solve mammy techmical computing problems,
especially those with matrix and vector formuylations, in a fraction of the time it would take to
Wwrite g program in a scalar noninteractive language such as C or Fortran,

The name MATLAR stands for matrix laboratory, MATLAB was originally written to
provide easy access to matrix software developed by the LINFACK and EISFACK projects,
which together represent the state-of-the-art in software for matrix computation.

MATLAR has evolved over & period of years with input from many users. In university
environments, it is the standard instructional tool for introductory end advanced courses in
mathematics, engineering, and science. In industry, MATLAB iz the tool of choice for high-
productivity research, development, and enalysis.

MATLAB features a family of application-specific solutions called toolboxes. Very
important to most nsers of MATLAB, toolboxes allow you to learn and apply specialized
technolopy. Toolbexes are comprehensive collections of MATLAB functions (M-files) that
extend the MATLAB environment to solve particular classes of problems. Areas in which
toolboxes are available inchuide signal procesging, control systems, neural networks, fuzzy
logic, wavelets, gimulation, and many others.

The MATLAB System
The MATLAB gystem consists of five main parts:
The MATLAB language.

This iz a high-level matrix/array language with conirol flow statements, functions, data

structures, imput/oniput, and object-criented programming featres. It allows both
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"programming in the small" to rapidly creste quick and dirty throw-awsy proprams, and
"programming in the large" to create complete larpe and complex application proprams.
The MATLAB working environment,

This is the set of tools and facilitics that you work with as the MATLAB user or
programmer. It includes facilitics for managing the variables in your workspace and
importing and exporting data. It alzo inchides tools for developing, managing, debugging, and
profiling M-files, MATL.AB's applications.

Handle Graphdcs.

Thiz is the MATLAB graphics system It includes high-level cotnmemds for two-
dimensional and three-dimensional data visnalization, image processing, ahimation, and
presentation graphics. It also inchudes low-level commands that allow you to fully customize
the appearsmce of graphics as well as to hwld complete Graphical User Interfaces on your
MATLAB applications.

The MATLAB mathematical function library,

Thig is a vast collection of computational algorithms ranging from slementary fimctions
like gum, gine, cosine, and complex arithmetic, to more sophisticated functiong like matrix
inverse, matrix eigenvalues, Bessel functions, and fast Fourier transforms,

The MATLAB Application Program Interface (APD).

Thiz is a library that allows you to write C and Fortran programs that interact with
MATLAB. It include facilities for calling routines from MATLAB (dynemic linking),
calling MATLAB 8z a computetional engine, and for reading end writing MAT-files.

Basie Operations
Assignment to variable
B =3

=3

> y=7

y=7
Addition of variables
> z=x+y

z=10¢

-} ]

z= 10
Subtraction of varinbles
> y-X

ans = 4
Multiplication and Power of variables
== x%y

ang = 21

2 x”2

ans= 9

)

ans = 49

= YK
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Creating mairices
The basic data element in MATLAB is a matrix. A scalar in MATLAB is e 1x1 mairix, and
a vector is & 1xn {or nx1) matrix.
Example: Create a 3x3 matrix A that hag 1°s in the first row, 2’2 in the second row, and 3’s
in the third row:
>»»>A=[111;222,333]
The zemicolon is nused here to separate rows in the matrix. MATLAB gives you:
A=
1 1 1
2 2 2
3 3 13
If you don't want MATLAB to display the result of a command, pui a semicolen at the
end:
>>A=[111;222;333]; Matrix A has been created but MATLAB doesn't display it.
The semicolon is necessary when you're nmning long seripts and don’t want everything
written out to the screen! Suppose you want to access a particular element of matrix A;
== A(1,2}
ang=1
Suppose you want to access a particular row of A:
>> A(2.)
ans=2 2 2
MATLAB has several built-in metrices that can be useful. For example, zeros(n,n} makes an
nxn matrix of zeros.
> B = zeros(2,2}
B=
0 0
0 0
A few other uscful metrices are:
zeros — create a matrix of zeros
ones — create a mairix of cnes
rand — create a matrix of random numbers
gye — create an identity matrix
Matrix operations An important thing to remember iz that since MATLAB is matrix-
based, the multiplication operator “*" denotes mairix multiplication. Therefore, A*B is not
the same as multiplying each of the slemenis of A times the glementz of B. Howevar, you’ll
probably find that at some pomt you want to do elament-wise operations (armay operations).
In MATLAB you demote an array operator by playing a peried in front of the operator, The
difference between “*” and “.*” is demonsirated in this example:
>>A=[111;222;333];
B = ones(3,3);
A'B
ans =
3 3 3
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Other than the bit about matrix ve. array nmltiplication, the basic arithmetic operators in
MATLAB wotk pretty much as you'd expect. You can add (+), subtract {-), nmltiply (*),
divide {{), and raise to some power (*).

MATLAB provides many usefiil functions for working with matrices, It also has many
scalar fimetions that will work element-wise on mairices (e.g,, the fimection sqri(x) will take
the square root of sach element of the mairix x). Below is a brief list of yseful fimctions,
You'll find many, many more in the MATLAB help index, and also in the “Other
Resources” listed at the end of this handout.

Useful matrix fanctions

A’ — transpose of matrix A, Also transpose(A).

det(A) — determinant of A

eig(A) — eigenvalues and cigenvectors

inv(A)— inverse of A

svd(A} — singular valne decomposition

norm{A} — metrix or vector nomm

find(A) — find indices of elements that are nonzero. Can slso pess an expression to this
function, e.g. find(A > 1) finds the indices of elements of A greater than 1.

A few useful math functions:

sqri{x} — square root

sin{x) — sine function. See alao cos(x), tan(x), ctc.

exp{x) — exponential

log(x) — natural log logl0{x) — common log

abe(x) — absolute value

mod(x} — modulus

factorial(x) — factorial fimction

floor(x) — round down. See also ceil{x), round(x}.

min{x) — minimum elements of an array. See also max{x}.

besselj(z) — Bessel fimetions of first kind

MATLAB also hag a few built-in constants, such as pi (%) and i (imaginary mmnber),

Symbolic math

Although MATLAB is primarily used for numerical computations, you can also do symbolic
meth with MATLAR. Symbolic variables are created using the command “sym.”
>>x=sym{'x’);
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Here we have created the symbolic variable x. If it scems kind of lame to you to have to type
in all this just to create “x”, you're in hick—MATLARB provides a shortcut.
>3 gyma X
This iz a shortcut for x = sym(*x").
Symbolic variables can be wsed for solving algebraic equations. For example, suppoge we
want to solve the equation “x™ + 3¥x"2 + 3 = 5"
»> y = golve(x*4 + 3¥x"2 + 3 = 5'.x)
y=
(- 174{1/2)/2 - 3/2¥(1/2}
(1741/2)/2 - 3/2yN1/2)
- 174(1/2)/2 - 3/2YM(1/2)
(171722 - 3/2)(1/2)
Descriptive Statistics
MATLAB provides a number of commands that you can use to perform bagic statistics
tasks, When working with descriptive statistics, the math guantitatively describes the
characteristics of a data collection, such as the largest and smallest values, the mean value of
the itemg, and the average. This form of statistics is commonly used to summarize the data,
thus making it eagier to understand.
The following steps help yon work through some of these tasks:
1. Type w =100 * rand(1, 100); and preas Enter.
This command produces 100 pseudo-random mumbers that are uniformly distributed
between the values 0 and 1. The numbers are then multiplied by 100 to bring them up to
the integer values used in Steps 4 and 5.
2. Type x = 1{{ * randn(l, 100); and press Enter.
This command prodoces 100 peeudo-rendom numbers that are normally distributed. The
numbers can be positive ot nepative, and multiplying by 100 doesn’t necesserily ensnre
that the numbers are between —100 and 100 (88 you see later in the procedure).
< B Type y = randi{100, 1, 100); and press Enter.
Thig command produces 100 psendo-random integers that are uniformly diztributed
between the values of 0 and 100.
Of course, you can interact with the vecters in other ways. For example, you can use
standard statistical functions on them. Here ig a list of the fimetions,

Function Usage Example
corrcoefl) Determines the correlation coefficients | comcoef{ AllVals)
between members of a matrix.
cov() Determines the covariance matrix for either | cov(AllVals)
a vector or a mairix,
max() Specifies the largest slament in a vector. max{w)

When working with a2 matnix, you see the
largest element in each row.

mean{) Calculates the averape or mean value of a | mean(w)
vector. When working with a matrix, you
see the mean for each row.
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median() Calculates the median value of a vector.
When working with a mairix, you sce the
median for each row,

median{w)

min() Specifiez the smallest slement in a vecior.
When working with a matrix, you ses the
smallest element in each row.

min(w)

mode{) Determines the most frequent value in a
vector. When wotking with a matrix, you
see the most frequent value for each row.

mode(w)

std(} Caleulates the standard deviation for a
vector. When working with a matrix, you
gce the standard deviation for each row.

std(w)

var(} Determines the variance of a vector. When
working with a mairix, you see the variance
for each row.

var(w}

Example 1 — Calculating Maximum, Mean, and Standard Deviation
This example shows how to use MATLARB functions to calculate the maximum, mean,
end stendard deviation values for a 24-by-3 matrix called count. MATLAB computes these

statistics independently for each column in the matrix.
>> % Load the sample data
load count.dat
% Find the maximum valie in ¢ach column
mx = max(count)
% Calculate the mean of each colunm
mu = mean{count)
% Calculate the standard deviation of each column
gigma = gtd(count)
g =
114 145 257
=
320000 46.5417 655833
sigma =
253703 414057 68.0281
Calculating and Plotiing Descriptive Statistics
I Load and plot the data;
>> load count.dat
[n,p] = size{count);
% Define the x-values
t=1m;
% Plot the data and annotate the graph
plot(t,count)
legend('Stetion 1','Station 2','Station 3','Location','northwest")
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xlabel("Time"
ylabel("Vehicle Count”

sigma =2;

mu=>5;

y = normmd{ mu , sigma , k, 1);
hist( ¥, 20 );

1m T T T T T T T T

- - - -

-4 -2 Q 2 4 L [ 10 12 14

Example and Plot. The most common application of the F distribution is in standard tests of
hypotheses in anelysis of variance end regression. The plot shows thst the F distribution
exists on the positive real numbers and is skewed to the right.
x=0:0.01:10;
y = fpdfix,5,3);
plot(x,y)
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Example and Plot. The following commands generate a plot of the noncentral F pdf,
x=(0.01:0.1:10.01),
Pl = ncfpdf(x,5,20,10);
p = fpdf(x,5,20);
plot(x,p,- -'x,p1,-}
Correlation Coefficients
Compute the correlstion coefficiemts for 8 matrix with two normally distributed, random
columns and one column that is defined in terms of another. Since the third columm of Ais a
multiple of the second, these two variebles are directly correlated, thus the correlation
coefficient in the (2,3) and (3,2} entriez of R iz 1.
Ex.
> x = randn(6,1);
y = randn($,1);
A=[xy2*y+3];
R = corrcoef{ A}
R =
1.0000 04973 04573
04973 1.0000 1.0000
04973 10000 1.0000
Computs the correlation coefficient matrix between two normally distributed, ramdom vectors
of 10 observations each,
>> A =randn(10,1);
B =randn(10,1);
R = comcoef{A,B)
R=
10000  0.3907
0.3%07 1.0000
Regression
Linear regression
Syntax
[r,m,b] = regression(t,y)
[r,m,b] = regression(t,y,'one”)
Description
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[r,m,b] = regression(t,y) takes these arguments,

t Target matrix or cell array data with a total of N matrix rows

y Output matrix or cell array data of the same size

and returna these outputs,

r Regression vahies for each of the N matrix rows

m Slope of regression fit for each of the N matrix rows

b Offset of regreszion fit for each of the N matrix rows

[t,mb] = regression(t.y.'one”) combines all mairix rows before regreasing, and retatns single
scalat regresgion, slope, and offset values.

Examples

Train a feedforward nstwork, then calculate and plot the regression betwesn iis targets and
outputs.

>> [x,t] = simplefit dataset;

net = feedforwandnet(20);

net = train({net,x,t);

y =net(x);

[r,m,b] = regression(t,y)

plotregression(t,y)

Command Sommary

The command

> help

will give a list of categories for which help is available
{e.g.matlab/generalcovera the topics listed in Table 3.
Further information regarding the commands listed in
this section may then be obtained by using:

>> help topic

try, for example,

>> help help

Managing commands and fimctions.

help On-line documentation.

doc Load hypertext documentation.

what Directory listing of M-, MAT-and MEX-Files.
type List M-File.

lookfor Keyword search through the

demo Run demos.

‘Working with leg and the operating sysiem.

dir Directory listimg.
delete Delete File.
! Executs operating system command.

umix Execute operating system command & return result.

MASTAT-21/ 105




diary Save text of MATLAB session,

cedit Set command line edit/recall facility parameters.
ele Clear command window.

home Send cursor home.

format Set outprut format_

echo Echo commandy nside script files.

mote Control paged oulput in command window.
quit Terminate MATLAB

Matrix analyzis,

cond

norm

reond LINPACK teciprocal condition estimator.

rank Number of Imearly independent rows or columns,
det Determinamt,

trace Sum of diagonal olements,

mull Null spacs.

orth Orthogonalization,

mref Reduced row echelon form.,

chol Choeleeky factorization.

lu Factors from Gaugsian elimination.

itrw Matrix inverse.

qt Orthogonal- triangular decompogition.
qrdelete  Delete a colunn from the QR factorization.
qrinsert Insert o cohunn in the QR factorization.
s Non {negative least- squares.

pinv

Peeudoinverse.
lscov Least squares n the presence of known covariance,
Eigenvalues and singular values.
eig Eigenvalues and eigenvectors.

poly Characteristic polynomial.

polyeig Polynomial eigenvalue problem.

hess Hesaenberg form.

qz Generalized eigenvalies.

ref2csf Real block diagonal form te complex diagonal form.
edf2rdf  Complex diagonal form to real block diagonal form.
schur Schur decomposition.

balance  Diagenal scaling to improve eigenvalue accuracy.
svd Singular value decomposition.
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expam Matrix exponential,

expm] M- File implementation of expm.

expm2 Matrix exponential via Taylor se-ries.

expm3 Matrix exponentisl via eigenval-ues and sigenvectors.
logm Matrix logarithm.

sqrim Matrix square root.

funm Evaluate general matrix function.
Graphics & plotting.

figure Create Figure (graph window).
elf Claar current gurs.

close Close gure.

subplot Create axes in tiled positions.
Axig Control axis scaling and appear-ance,
hold Hold cimrent graph,

figure Create gure window.

text Create text,

print Save graph to le.,

plot Linear plot.

loglog Log-log scale plot.

semilogx Semi-log scale plot
semilogy Semi-log scale plot.

Specialized X-Y graphs.

polar Polar coordinate plot.

bar Bar graph.

stem Discrete sequence or "stem” plot,
gtairs Stairstep plot,

errorhar Error har plot,

hist Hisiogram plot.

ose Angle histogram plot.

compass Compass plot.
feather Feather plot.

fplot Plot function.

comet Comet-like trajectory.
CGraph annotation,

title Graph title.

xlabel X-axis label.

ylabel Y-axis label.

text Text anmotation.

glaxt Mouse placement of text.
grid Grid lmes.

contoyur Contour plot.
mesh 3-D mesh surface.
surf 3-D ghaded surface.
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waterfall Waterfall plot.

view 3-D graph viewpoint specica-tion,
zlabel Z-axis label for 3-D plots.
ghext Mouse placement of text.

Thig chapter iz an introduction to Matlab for people without much programming,
mathematical or Unix background. Matlab is an easy software package to use even without
much knowledge. That iz what makes it 80 convenient, In this tutorial, some basic and very
useful fimctions are described. These should get you started. Having understood a few basics,
it will be pretty easy to expand your knowledge using Help, the intemet and manuals,
References:
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H]rpnthllis Tesl;lnglnll
Hypothesis testing refers to the process of choosing between competing

hypotheses about a probability distribution, based on observed data from the
distribution. It is a core topic in mathematical statistics, and indeed is a fundamental
part of the lanpuage of statistics. In this chapter, we study the basics of hypothesis
testing, and explore hypothesis tests in some of the popular test using R.
Test 1: test for two populations means [Independent sample and variances
onknown)
Object. To investigate the significance of the difference between the means of two
populations.
Method: Consider two populations with means x and z, . Independent random samples
of size

MASTAT-21/ 108




n, and i, are taken from which sample means X and X, and varlances

1 —\2 1 — 2
8= -%) ands,’ =——> (x,-
= el R ands? = ()

The test statistic is f= (%) -(m-)
LA
oM
which may be compared with Student’s t-distribution with degrees of freedom
m+n -2
Limitations:

1. If the varlances of the populations are known, a more powerful test is avallable: the Z-
test for two population means.

2. The test is approximate if the populations are normally distributed or if the sample
sizes are sufficiently large.

3. The test should only be used to test the hypothesis g =,

Example:zBelow are given the gain in weights (in Ibs.) ofpigs fed on two dlets x and
y-
Gain in weight
Dietx: 25, 32, 30, 34, 24,14, 32,24, 30, 31,35, 25
Diety : 44,34,22,10,47,31,40,30,32,35,18,21,35,29,22
Test If the two dlets differ significantly as regards thelr effect on Increase Inwelght
Solution:
Null hypothesis: Ho: g =g le. there is no significant difference between the mean

Inerease In welght due to dlets A and B,
Alternative hypothesis: ;4 # i, (two tailed)

To apply t -test for the above, we proceed in the following steps:
Step 1: First of all, open R; window will appear just as bellow:
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B vorzam 3il.1 €2014-07-100 - TSeak iw oo MoT
Copyright (21 0L4 Tas A Fouzfation fox Sravtecical Compecing
Piesfoomr EBE_S4-wtt-minged2/E6d 169141

B in froc softeorc owd ooecs wisk RBIICOTELT B0 NAMAENTT.
Pzo arw welocoms o redisrcibece ic dader cerreda ooodiciors.
Tro= "liocmacll' or "liecooci) ' foo dimscibaiies dosailas

Moremml loaseoar murport et racoiag i om Ermalish losalc

B 15 4 OLISNOFATIYE DIGISG VIEN WAL BIEDTADORIYS:
Typs “conrribororsil ® for moce Lafomacizn el
THICATICN 13" [ MOV TO QUEE B OF B BAONSIES A0 DADILERCLIGS.

TOr SOne 0S80, 'BEI0CIT DOL OE-LLNE NE1D, OF
* for a=m ETHL bEcowsar lazerface oo Eslp.
WILT e

[PISTECLARY Aie] BOPKEpADS BedLaEma]

+1

Stepl: Enter the data L.e. the value of sample:

E ovarmico 3.8.0 (00id-d1-1d) — “Sack it to Ha®
FORFRAGES (S} 2334 The B FOLLAACION TOE ITACINTACAE COMAILIEG
Flarfome . e26_fd-sid-mloguidizid (#d-bic)

F Ls fras scftwacs and comss wich ABSOLDTELY HD HARRANTY.
TOU. KPS WELE0RE [0 [RILACILTGGE 10 EDOSE ORCTALE QDALTIONS.
Typa ‘Licemssi|® or 'Licsncel)’' for leccikcclos dacalle,

Maturs] Lasguaps suppoet tot cuming anoax Eaglisk Locsls

F in & collsborsciss profect wich many contcibecora.
Tyoc 'mortribumcadl ' for ozt infocmotden ard
“alraclani|® oa hew to cazs Roar R pachages dn poklicatioos.

Typs 'dimci]® far scma camas, 'Ralpl)! fox co-lira balp, ar [l
"hcipoatars (1! For an MR keowscr Snoccfocc o3 helos
Typa 'qii! tooquaiz d.

[Feariounly SR NITRNTASE TRATETAE|

c.a £ eiE, B, X
_r - CUR

@l L, AE. 34, 38, B8 3B, 3B
L P2 TR L [N F AR PR SU- . LR P H)

Step2:type the code for t-test as:
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Pl BB View Mhr Pedoge Wioken Mo

Koeccolan 3.0 IZI-TT-19F —- TEock ikt HCT
Copytigus €01 234 The B Focrdacim far arical Empuring
Flaifoma a16 14-w81-mimewd2/nld ©f

e fameq|© f3s s Simas, ‘el fE
"beipaatezs |}t for an NI kmowmer dmeerioct o
Tvps ‘1Y tooquaz &,

[Erariausly savad wookapacs Teseasd]

Step3: Press enter; the result will look like as
Riviave T . ... e T ——— . il

l: -\..I 2113 'I.'I‘Jr -u'.lndﬂ : E‘.-u d7tical Donpusico

d comew with ABSOLOTELY SO PANRAATY.
LiGEs o [RILICEITETA 1T SROE GHFTASE SALALTACAN.
icmamei) * or ‘licencend’. faor dlscrikecize dacalle.

cad Language aoppost oo nwrming o oar Eaglist locale
F 10 w zollaberativs pooject mich pany cootcibacors

shotared)! £o7 Kore nfarmstion ard
tattani|® o how ko citw R oc B packeges in pubiicetacas

"rp:qlltm'!-

Froviowsly ooecd woTkareos Toacorcdl

Description of output: Since, calculated value of mode t (0.93182)for two tailed test Is
less than 1.708141 (ie. critical value for one tiled test at 5 percent lewvel of
significance]. Same evidence is also found from p-value=0.3605>0.05. Hence, null
hypothesis is accepted for two tailed test at 5% level of significance. Now, for one tailed
test, one can simply change In the R-code as: type "less” or “greater” in place of
two.sided
FAFHR RS R R B B S S R S R S R T S
HAEH R R YR
R Diet_x <- c{25, 32, 30, 34, 24, 14, 32, 24, 30, 31, 35, 25) Code:
Dlet_y <- (44, 44 34 22 10,47,31 40,30,32 35,18,21 35,29 27}
ttest{Dlet_x, Diet y,

alternative = "two.sided",

mu = {, patred = FALSE, var.equal = FALSE,
conflevel = 0.95)
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Output [ e Two Sample t-test

data: Diet x and Diet y
t=-0.93182, df = 24.536, p-value = 03605
alternative hypothesis: true difference in means is not equal 0 0
95 percent confidence interval:
-9.235501 3.485501
sample estimates:
mean of x mean of y
28.000 304875

IR R R S R S R R S R R S SR S
HIFU R

Test 2: i-test for two populations mean (dependent sample) or Paired t-test:
Object:To investigate the significance of the difference betwesn two populatdon
{dependent) means, i and s, . No assumption is made about the population variances.

Method: The differences 4,({x,— y,) are formed for each pair of observations. If there
are nsuch pairs of observations, we can calculate the variance of the differences by
1 & 8 =
4 — —

5 =E§(d, —d) whered =x —X,
Let the means of the samples from the two populations be denoted by x and x, then the
test statistic becomes

d 0,

s/dn
which follows Student’s t-distribution with # - 1 degrees of freedom. The test may be
either one-tailed or two-tailed.
Limitations:
1. The observations for the two samples must be obtained in pairs. Apart from
population differences, the observations in each pair should be carried out under
identical, or almost identical, conditions.
2. The test i1s accurate {f the populations are normally distributed.
Example:Below are given the gain in weights (in Ibs.) ofpigs fed on two diets x and
¥-

=

Gain in weight
Dietx: 25, 32, 30, 34, 24, 14,32, 24, 30, 31,35, 25
Diety : 44, 44,34,22,10,47,31,40,30,32,35,18
Test if the two diets differ significantly if same set of 12 pigs were used in boththe foods
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Solution:
Null hypothesis: Ho: ;4 =g, ie. there is no significant difference between the mean

increase in weight due to diets A and B.
Alternative hypothesis: & + i, (two talled)

To apply t -test for the above, we proceed in the following steps:

Step 1: First of all, open R; window will appear just as bellow:

mrcibuce fc mdsr cercain oooditions.
iocooc k! Loz daoscibuiicn dorailas

17 [AE A8-11NE B2ID, OF
tazwcfacs o Eelp.

Stepl: Enter the data l.e. the value of sample:

"Eok 44 to Mo
icn fox Sratiaciasl Compociag
-l
® RBIDCOTELY B0 MRAREMTY .
iocroc il ! o daowribatio dosadlas

e b ucniay i3 m Eoalish looalc

nr sonc dowe, "hoipdl” focoom- Lo
far ax HIML orowsec izcecfscd —o zelp.
uit A.

apvod workopace Loow

Step2:type the code for t-test as:
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B i g

EECDC =N

capyrsght 12y 0Ld Tas A Foussatico for Scariscizal Coagecing
Tlasfoomt xBE_th-wbb-mingviiesd |66-rdtl

I :.'l I"i rofovmcy ﬂn m H.L RISOLUTELY B0 MAMBENTE.

Wereal lamgpoege weppers Bes o

5 iz e English lozulm

is & callsbcowrive projsct wits mamy ccecribnass,
. L3

Step3: Press enter; the result will look like as

Resizay o
H-uru- B lnq-vmh- vem

(] (el ] @1 8]

' % ard sy
un e m A s = . b
iprtrani Ak o 4 A i A
Antaamal

Description of output: Since, calculated value of mode t [1.081) for two talled test is
less than 2.2009 (Le. critical value for one tailed test at 5 % level of significance). Same
evidence is also found from p-value=0.3028>{.05. Hence, null hypothesis is accepted for
two tailed test at 5% level of significance. . Now, for one tailed test, one can simply
change in the R-code as: type “less” or “greater” in place of twosided.

RIFEREHRE R R S B R R S U R R R S B S R R

SR
R- Diet_x <- c(25, 32, 30, 34, 24, 14, 32, 24, 30, 31, 35, 25) Code:
Diet_y < c{44,44,34,22,10,47,31,40,30,32,35,18)
ttest{Diet x, Diet y,

alternative = "two.sided”,
mu = 0, paired = TRUE, var.equal = FALSE,
conflevel = 0.95]
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Output: | Paired t-test
data: Diet_x and Diet.y
t=-1081, df = 11, p-value = 0.3028
alternative hypothesis: true difference in means is not equal t0 0
95 percent confidence interval:
-12.903102 4403102
sample estimates:
mean of the differences
-425

RAEHREFRFVRFSRESRAFT BB R B AR AT RIS RF SRS RERRFFR R AR5
SRS

Test 3: F-test for two population variances (variance ratio test)

Object: To invesdgate the significance of the difference between two population

variances.

(yl, TR )fmm the two populations, the values of

1 1 , 1 o a1 ]

=— X =— = -x) 5 =— !
can be calculated. Under the null hypothesls that the varlances of the two
populationsare equal the test smadstc F=gs?/s}follows the F-distfbudon with

(m —Ln, —1) degrees of freedom. The test may be either one-tailed or two-tailed.

Limitations: The two populations should both follow normal distributions. (It is not
necessary that they should have the same means.)

Example: Two random samples are given as follows:

A: 25,32, 30, 34, 24, 14, 32, 24, 30, 31, 35, 25

B: 44, 44, 34, 22,10, 47, 31, 40, 30, 32, 35, 18

Test whether the samples come from the same normal population at 5% level of
significance.

Solution:

Null hypothesis: Ho: o =o;’

Alternative hypothesis: o, # o,’ [two miled)

To apply P-test for the above, we proceed in the following steps:

Step 1: First of all, open R; window will appear just as bellow:
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B vorzam 3il.1 €2014-07-100 - TSeak iw oo MoT
Copyright (21 0L4 Tas A Fouzfation fox Sravtecical Compecing
Piesfoomr EBE_S4-wtt-minged2/E6d 169141

B in froc softeorc owd ooecs wisk RBIICOTELT B0 NAMAENTT.
Pzo arw welocoms o redisrcibece ic dader cerreda ooodiciors.
Tro= "liocmacll' or "liecooci) ' foo dimscibaiies dosailas

Moremml loaseoar murport et racoiag i om Ermalish losalc

B 15 4 OLISNOFATIYE DIGISG VIEN WAL BIEDTADORIYS:
Typs “conrribororsil ® for moce Lafomacizn el
THICATICN 13" [ MOV TO QUEE B OF B BAONSIES A0 DADILERCLIGS.

TOr SOne 0S80, 'BEI0CIT DOL OE-LLNE NE1D, OF
* for a=m ETHL bEcowsar lazerface oo Eslp.
WILT e

[PISTECLARY Aie] BOPKEpADS BedLaEma]

+1

Stepl: Enter the data l.e. the value of sample:

B vorsamm 3.1.1 €2004-07-100 == "Epak 44 to MoT
Capyrignt () S0id TEs R Fousdaticn fex Sraiscizal Coapecing
Fienformr ROE_GA-rAl-wingedd et |81t

W iz froc oofoemrc omd owecd wish RBSMICOTELT WO WRARANTY.
Bzo are welooss To rasiscribuce ic et cerrain condiTiors.
Tros "lioceoti)' or "liczcoc |l for dicscibukimm dotailas

Morezol Immoac supeart bt racniap i on Enalich Iosalc
¥ 1o o collohcrondve Troicoe iR sy camtcibulass

Typs “oatribzearsll - faf mACs LRSGTAACLAE A3

"zdvarimall’ en how 4o guec Boor B parkoass in publizesion,
Teec "doecl)' for sonc dosear 'helpdl? foooaw-lisc oo ox
'2Elp.#Tarci|® far sm WIML Drowsas Lessrfecs o Eelg.

Tees "mil” 5 guie A

r v aeved o f

¥ Dict_m - 22N 3, 20 B
> BTy <~ Sl4d, 4, 34, 12,

- Ny @Y B AL, 38, IM
0, 47, al, W, 80, &, 8k, 4]

Step2:tvpe the code for F-test as:
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Step3: Press enter; the result will look like as

T ponx dowea, 'BTipdl” far ma-liac belo @
RTHL browssr fzcecface co Delp.

Dﬂcrlptlnn nf nutpm: Since, culated p—value-{} ﬂ4341-={} 05. Hence, null hjrputhesis
is rejected for two tailed test at 5% level of significance. . Now, for one tailed test, one
can simply change in the R-code as: type “less” or “greater” in place of two.sided.

Diet x =- of25, 32, 30, 34, 24, 14, 32, 24, 30, 31, 35, 25}
Diet v <- c{4444,34,22,10,47,31,40,30,32,35,18)
var.test{ et x, Diei. y, ratia = 1,

alternative = cf"two.sided ™),

conflevel = 0.95)
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F test to compare two varlances
OUtpUE | yota: Diet x and Diety
F =0.27651, num df =11, denom df = 11, p-value = 0.04341
altarnative hypothesis: true ratln of varfances iz not equal to 1
95 percent confidence intarval:
0.07960231 0.96052803
zample estimates:
ratio of variances
02765145

Test 4: y2-test for testing the goodness of fit of the data.

Object: To investigate the significance of the differences between observed data arranged in
K

classes, and the theoretically expected frequencies in the X clazses.

Limitation:

1. The observed and theoretical distributions should contain the same number of elements.

2. The division into classes must be the same for both distributions.

3. The expected frequency in each class should be at least 5.

4, The observed frequencics are assumed to be obtained by random sempling.

Method: The fest statistic is
2 _ X0 -E }2
x = .E:L E;
where O; and E; represent the observed and theoretical frequencies respectively for each of
the X clagees. This statistic is compared with a value obtained from »2 tables with v degrees
of freadom. In general v=K— 1. If »2 iz preater than the critical value we reject the nuall
hypothezis that the obzerved and theoretical disttibutions agree.
Example: Test the hypothesis whether the students smoking habit is independent of
their exercise level at 0.05 significance level.
Freq None Some

Heavy 7 1 3

Never 87 18 84

Occas 12 3 4

Regul 9 1 7
Solution:
Null hypothesis: Ho: The students smoking habit is independent of their exercise.
Alternative hypothesis:H1: The students smoking habit is dependent of thelr exercise.
To apply ¥2 test for the above, we proceed in the following steps:
Step 1: First of all, open R; window will appear just as bellow:
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B vorzam 3il.1 €2014-07-100 - TSeak iw oo MoT
Copyright (21 0L4 Tas A Fouzfation fox Sravtecical Compecing
Piesfoomr EBE_S4-wtt-minged2/E6d 169141

B 1o Froe Softeocc owd cowcd wiik RIIDCOTELT B0 NRMAKNTT.

Ton acw welcoms te racisrcibuca Lo uader cecreda condiclons.

Trr= "lioewe=|i' or "liosse=ll ' for disscibwiden desaila.
Morezal Ioammgt mupcart bub ciendag iz on Enaidsh Ioeals

W13 8 CORISNCTSEIYE [J0IL06 WIEE BAAN OOECTADORITS

Typs “comrribceorsl)® for mers Lafomacicn aad

*SICATISNIY OO MDY TO QUEE W OF K BACKSIES IO DUDLLERGLOGS,

THI® "EF011' TOL SORE 0SW04, 'BEIOCI” D€ OR-118% B21D. oF

‘amlp.gmarer)® foc e BTML Ecowsar tazecfacs o oelp.

THI® "A01” 50 GULE B

[PISTECLARY Aie] BOPKEpADS BedLaEma]

+1

Stepl: Enter the data l.e. the value of sample:

A Dodec cavelopzsst (uzrtablal (20938-07T-08 =TOS71} -- "Teauffaced Conasgeances®
| Coprzight (G} Z016 Tho R Fomdatios foo Seobasticel Compabing
Blatforms MEE §4-w6i-ximaudi/méd 1E4-biti

B 13 fpss spfTusrs and oomes wicn ASSCLOTELY G WREIANTY.
Yas mxs welooms ©o redistribots it wndsr casTaln sozdicicos.
Tyga ‘licmnes||' or ‘licence|]' for dirtriboticn detmils.

Blacucal 1 bt 2= man Eaglass locals

B 212 a oolluboracive peoject wich many ooncrikbucors.
Typm 'cockzibotoze |}’ for more inforracicn esd
'OLTAGIONG) T 08 BOW GO QUGE X O K §Aokages iN [UDILOAnicns,

Type 'Senc()® for scem daxos, ‘halp|) ' foo oo-line Balp, o
'telp,sTarc||® for an HTEL browser Incerface T4 helg,
Tyes 'Ril! s quic E.

» LibraryHRES|
> thl = takls|surrariiscim, sccverSZzeci|

Step2:type the code for chi-square test as:

MASTAT-21/ 118



| % Urder developeanc |metable) (3916-07-02 $700T1) —- "Uneaffered Conssquasces®
Capyright IC) 924 Toa B Foundstdon Eor Statisticel Corputizg
| Platformi xB8 S{-wSd-mingedinsd (95-bred

'R ip froc oofvwart ood comoa with RAASOLUTELY HD WAREANTY,
i'!'\uu arc wolcorx ta rodiohribucc 4% umdcs ooroolin copdidiomo.
- Type "liocmaci)” ox "liccooo() ' for disozibubion dokadlos

Wotarol langmages owpeost bub cunnisg in ez Englioh locolc

;l 1% & QOLEADOXATLIYE PIOYEDL WILh RaEy OOnLIlDUCOYS.
| TYEE COOOCEADULOES (1" [0Y miXe ARCOMBATlOS And
| TOLCATLONIL " OO0 NdW Lo O10E B oC A DAOEAOSS 1N DW0110AT100S

| TYOE "OQERO |F' TOF S0t 0&e0d. CEELDOFT TOF an-1i%eE [EAb. OF
| "NELD.AGAET 13 ' [O7 &f MTHL EIOWSET INCEITS0E Go. BELll.
i':m SaEl” P @Eas A

f ¥ LibraryiHARE
| % ochh = cablaesrveyiamake, suRTsygEwsc:
| > anbay.cesticnt| |

f Y00 AFS WELZONA To PSALAGELEUGE 15 USGSID OSIGAIN QOMAITLONS.
| Typs "licsrasi)? ar "licencs()' far dtscrikbucion dscaila.

Weraral language sspporr Buc rannizg in az Exgliah locale

|3 ic o collaborative projoon with mooy contribetocoo
| Typs *aoncribucara ()t for mave infowmstion and
| "citaticn|}” oo how to cits B or A packmger in peblicaticam.

| Typw "damc|}' for scom dmacs, ‘Balpi}® for on-liza balp, or
| "helpeanort |’ For om ATML browscr imtczfacc bo Bolp.
| Twpe "ai)® to gals .

> libeaxy (MAEE)
|> chl = cable(rarveyiSecks, surveySEmac)
» chiog.wsot (tbi|
Fsaracn®s Chi-squaced tears

i cata: tkl
| X-pgzared = 504285, AF = E, p-valum = 9,922

| Warnizg DaEssgu:
| In chisqreas(rpll | Cll-squBred SPPCCHLNATLION WAy b LNOOTIECT
>

e '

Dascrlpthn of ulltpllt: Since, cal:ulated p-value=0.4828>0.05. Hence, null hyputhesu
Is accepted at 5% level of significance. and hence we may conclude that The students
smoking habit is independent of their exercise.

R-Code: library{MASS}
thl = tabiefsurvey$Smoke, survey§$Exer}
chisq.tesi{th)

Pearson's Chi-squared test
OUpuE: | jara: tbl

X-squared = 5.4885, df = 6, p-value = (.4828
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