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1.0 INTRODUCTION

Descriptive Statistics deals with the process of identification of characteristics of
collected data. The data collected from many sources may be of different type. You
may like to arrange such data so that you may be able to draw logical conclusion from
it. You may use several techniques to describe characteristics of data. These
techniques may involve graphical representation of data, measures of finding central
tendencies of data and summarisation of data by finding the data dispersion and
variability. Once the data has been described, the next step would be to draw reliable
conclusions using the sample data for the entire population. This section elaborates
use of some of the data distributions that are used in statistical analysis — t, chi-square
and F distributions. This section also deals with hypothesis testing and test of
significance. You are advised to go through BCS040/Block1 and Block 2, before
going through this unit.

All the spreadsheet figures used in this file has been put in a file. You can download
this file from the BCA pages of IGNOU’s website.

1.1 OBJECTIVES

After performing the activities of this section, you should be able to:

e Use functions that are used for descriptive statistics
e Draw charts using spreadsheet software for describing data
e Use functions for statistical inferences.

e Appreciate the steps involved in some of the statistical calculations.
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1.2 FREQUENCY DISTRIBUTION OF A VARIABLE

A statistical study is conducted to generate valid conclusions about the problem under
investigation. Recall from BCS040: Block 1 Unit 1 to appreciate the fact that relevant
data is necessary for this purpose. Further, data can be collected either for the first
time (primary data) directly by the investigator or from other sources already
available (secondary data) in the form of some published work or from Government
data resources etc. Broadly, statistics deals with data collection, data analysis and
interpretation of results, with Statistical inference playing a role. Some of the key
definitions used from this view point are given below: (Please refer to BCS040: Block
1 Unit 1, for details):

Population and Sample: The set of all the observations relating to the problem under
investigation consists of the population. The sample on the other hand, consists of
data actually collected from the few units selected from the population. For example,
if we want to find the average income of adults in our country, the population consists
of the data on income of every adult in the country. However, collecting and
analyzing such huge data is difficult or impossible. Thus, we may take only a small
part (See Book 3 Chapter 5) of the observations in the population, which is called a
sample.

Discrete or discontinuous Variables: Consider an example of marks scored by
students in statistics out of 100 that are awarded as whole numbers. A variable of this
type that can take distinct, finite or countably infinite values is called a discrete
variable.

Continuous Variables: The continuous variables on the other hand can take any value
between a low and high value. Measures of height, weight etc. are examples of this

type.

Frequency Distribution: is the most common method for summarizing and
presentation of data, which enables us to quickly assess how frequently any value
occurs in the given data set.

You must read Unit 1 of Block 1 of BCS-040 for more definitions and examples. In
the following example the use of spreadsheet package is demonstrated for the purpose
of generating a frequency distribution.

Example 1: (Data used for this example has been taken from Block 1 Unit 1 of BCS
040 example 7, table 3 with five modifications) Table 3 shows the lives of 100 electric
bulbs. You are required to construct a frequency distribution and create histogram
from this data using Spreadsheet package.

Solution: Figure 1 shows the spreadsheet (for the example, MS-Excel has been used,
but you are free to use any spreadsheet package). Enter the given data in the cells
A2..E21, that needs to be used to construct the frequency distribution. (Read page 15,
Unit 1 of Block 1 of BCS-040). In the next step, you are required to specify class
intervals to construct a frequency distribution. In this context, observe that the
minimum and maximum values for the raw data are 511.6 and 1314.7 respectively
(use min(A2:E21), max(A2:E21)), as these are useful information in deciding about
the classes to be formed. Here, the data under bins shows the class categories and they
can be read as 0 to 510.5 (included), 510.6 to 590.5 (included) and so on. The last
category is 1390.6 and above. Please note that for the purpose of calculation of
frequencies, the upper limits of the classes (H2..H13) alone are required.

Once the basic data is entered you need to calculate the Frequency distribution for
these class intervals. For this you need to enter an array formula in the spreadsheet.
An array formula performs calculations on an array of data and may produce an array
of results. To enter array formula you may need to press CTRL+SHIFT+ENTER into



a worksheet. The formula for calculating frequency is also an array formula. To enter Descriptive Statistics
this formula, perform the following steps: and Statistical

. . . . Inf
Select the cells in which result is expected in our case these are J2..J14. frerences

Enter the formula: =frequency(A2: E21,H2:H13) and press
CTRL+SHIFT+ENTER keys.

e You can also find the Cumulative frequencies, use simple addition formula for
this purpose in cells K2..K14. Write your own formula for this purpose.

On completion of these operations the screen will look like as that of Figure 1.
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Figure 1: Calculating Frequencies in Spreadsheet

e Compare these results to those given in the Unit 1 of Block 1 of BCS-040. Do
you find any difference? If yes, then discuss the reason for this difference
with other students or counsellors.

e Please note that you may also use the Struges’ rule that enables you to
calculate the number of classes (k) in terms of total number of observations
(N) as k=1 + log,N], where [....] is the celling operator (see help on function
CEILINGY...,...)). Can you redo the task above using this method? Further,
discuss with other students or counselors how would it help in developing a
C-program for construction of frequency distribution without user
intervention.

To create a histogram as well as frequency distribution, you may also use Data 2
Data Analysis Menu. In some of your worksheets this option may not be displayed. In
such case take the help of the software for “Load the Analysis ToolPak”. On loading
this, you will be able to see the Data Analysis option in the Data Menu option.

In order to make the histogram, you just need to use the original raw data and bins, so
delete all other data in Figure 1 except keep the columns A to E and H. Moreover,
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transfer the column H data to G by incrementing previous G data by 0.1. Now to make
the histogram perform the following steps:

1. Select Data = Data Analysis and then select Histogram in the resulting dialog
box and press Ok button.

2. In the resulting dialog box, set the /nput Range to A2..E21, Bin Range to G2..G13
and Output Range to 11..J14. Please do not forget to check the Chart Output check
box.

3. Click Ok

The Histogram will be displayed as shown in the Figure 2. You need to modify the
format of the histogram to make it look as per your need. For example, to remove
gaps in between bars:

Click on Bar 2Right Click ?Format Data Series...
Series Options ?Gap Width 0%

Fill PPattern Fill

Border Colour 2Solid Line etc..

bl S

Notice that horizontal axis labels now depict the upper class boundaries having class
width of 80 hours in Figure 2. Once again compare this histogram to the figure that
has been made in the Unit. Can you now plot the frequency polygon and the less than
type ogive for the same frequency distribution (refer to Block 1, unit 1, section 1.2.3
page no. 17)? You can also plot Bar diagram for appropriate data as shown in the
Unit.

You can also explore the fact that all spreadsheet packages allow you to modify the
Title of the chart, Axis titles, colour of bars, size of bars, size of chart and many other
formatting features. For this you should refer to documentation of the spreadsheet
package that you are using.
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Figure 2: Histogram using the Data = Data Analysis options.
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1.3 SUMMARISATION OF DATA

Two important statistical measures that are used to summarise of data are:
e measures of central tendency
e measure of dispersion

Let us discuss them with the help of the example given in BCS-040, Block 1, Unit 1
page 30-31. The following figure shows an implementation similar to Table 14 of the
said block/unit.
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Figure 3: Applying the measures of Central tendency and dispersion

Please note that we have used the following procedure in the worksheet to arrive at the
result shown in Figure 3:

e In the cell 12 to 114, you can use the array formula as explained in the last
section to calculate the frequencies of each class.

e For calculating the Average life in hours (x)) or the class mid-points, you may
enter in the cell J2 the formula =(G2+H2)/2.

e Copy this formula from cell J3 to J13. Notice that you need to find the value
for cell J14 using different formula.

e Calculate the value of y;in the cell K2 as per the formula =(J2-8J$8)/80.
Copy this formula to cells K3 to K14.

e Now enter the formula for calculating y; /; and

e Enter the formula for the p’ (see page 30, Unit 1) - the mean for x-
observation, variance for x-observations and Standard deviation for x -
observation.

(you can do it yourself).



Statistical Methods
Lab

10

You can compare the results so obtained with the results that you can obtain by
directly applying the formula of mean (AVERAGE), median (MEDIAN) and standard
deviation (STDEV) on the cell range A2:E21 containing the original data. Discuss
with other students or counselors, why are there differences in the values of mean and
standard deviations. Please note that the values so calculated are different than the
values as shown in the Table 14 of the course BCS040.

&~ Lab Session 1

1) Construct a frequency distribution, plot bar graph, and find the mean and
standard deviation of the data on marks of the 100 students as given in
BCS040/Block 1/Unit 1 Table 2 (page 11) using spreadsheet package.

2) Develop a program in C to construct a frequency distribution and hence
calculate mean & standard deviation for the data mentioned in problem 1.
Your program should make provision to input data from a file and output
results on the screen (you may also use Struges’ rule).

3) Using spreadsheet package generate hypothetical data on marks of 10
different students in 5 different subjects. You may use the spreadsheet
package function RANDBETWEEN(bottom,top) for this purpose. Find the
average (u) standard deviation of marks (o) and calculate grades of the
students on that basis of the following: A student who receives marks in the
range of u+ o is awarded grade B. A student who gets marks above u+ o is
awarded an 4 grade. The student getting marks below 4 — ¢ is awarded a C
grade. Make suitable assumptions, if any.

1.4 SAMPLING DISTRIBUTIONS

This section discusses about the basis of various tests that you can perform for
hypothesis testing. You should go through BCS-040 Block 2 before going through
this section. Let us first revise some of the terms used in that Block.

Population and Sample: In statistics the term population refers to a set or collection of
observations relating to the phenomenon under investigation. Thus, the statistical
population or simply population comprises all the observations or measurements,
relating to the phenomenon under investigation, which can be collected. The
population can be finite or infinite. In an infinite population it is not possible to
observe the measurements on all the units; even in the case of a finite population it
may not be economical or feasible to observe the values from all the units of the
population. Thus, a representative set of units from the population are chosen using a
statistically valid procedure and measurements or observations are made from these
selected units. This subset of observations comprises the sample that are selected for
performing statistical analysis (please refer to Part II of Book 3).

Notation: Consistent with the BCS-040/Block 2, Unit 4, the population mean is
denoted by p and the sample mean is denoted by * . Similarly, you can define the
standard deviation for the population and the sample.

Statistic: A function of sample of observations, which does not contain any unknown
parameter and whose values can be observed, is called a statistic. It is denoted by

. For example, T = X is a statistic, as its values can be
observed and it does not contain any unknown parameter; I = & + & is not a statistic

when &  is unknown.
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statistic and its associated probability distribution. Inferences

Let us try to show you the use of Spreadsheet for calculating the sampling
distribution. Consider the BCS-040/Block 2, Unit 4, Page 9 Example 1, using which
the notion of population mean, sample, sample mean, list of all possible samples and
mean of sample mean or grand mean are presented.

Example 1: Suppose we have a population of incomes of N = 4 Business firms viz.,
100, 200, 300, 400 (in Lakhs).

Taks:
e List all possible samples of size n = 2 drawn from the population without
replacement
e Calculate the mean and variance of each sample
e Construct the sampling distribution of the sample mean
e Calculate the mean and variance of this distribution

Note that in sampling without replacement, a total of *C, = 6 possible samples can be
drawn from the population. The results related to the tasks stated above are shown in
Figure 4. In order to generate the content of Figure 4, you can use your own formulas
by following the steps below:

e Create the column F of sample elements
e (Calculate the sample means in columns G

e Hence construct the list of all possible values of sample mean ¥ in column L.
e Use the array formula =FREQUENCY(G3:G8,13:17) in column J to get the

frequency distribution of sample mean X From this frequency distribution
calculate the Relative frequency / Probability distribution PXY of sample
mean. Note that here X denotes a random variable and ¥ its value.

e Now, you can insert the chart of Sample Mean versus relative Frequency. The
Chart type used should be decided keeping in view the discrete or continuous
nature of the distribution. This is the graph showing the sampling distribution
of X

e Also note that you can calculate the Grand mean X (see E10..G10) as well as

o
standard error SE F] as shown in the figure. Their direct computations have
also been shown using worksheet functions (see 114..K15).

LT
e Computation of 3£ {x) using v~ 1 the Finite Population Correction
R
sE(fjm P02
Factor (FPC) has been done in I17..J19 using formula N

(see BCS-040/Block 2, Unit 4, Page 12 or Book 3, Page 5.6).

11
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Figure 4: The sampling distribution of Example 1

Some important exact sampling distributions that are widely used in statistical data

analysis are Chi-Square distribution (& %), Student’s t-distribution, F-distributions and
these are briefly discussed subsequently.

1.5 SOME IMPORTANT DEFINITIONS

An important objective of statistical data analysis is to draw inferences and
conclusions about the aspect being investigated. In this context, statistical inference
provides us methodology for doing the same. The test of significance is a formal
procedure that is aimed at assessing evidence that is provided by sample(s) data
in favor of some claim/inference about the entire population. Before going through
this section, you may go through the Complete Block2 of BCS-040.

Some of the key terms used here are defined below for your recapitulation:

Normal Distribution: It is an important probability distribution of a continuous
random variable, which you will use in solving many problems subsequently. The

probability density function (PDF) f{x} = flx: 4. &%} of a normal distribution having
parameters 4 (Mean) and & : (Variance) is below:

1 1 ¥ — g,
flx} g e.rp{—i { Eu] j.—:r: < X = O
Furthlelr,

i
1 £

& = -
is a Standard Normal random variable that has PDF
=1

Fizk= .:1.'12_-7 E’.'I_'J[_? }. — 00 & F g

with parameters ¥ =0 (Mean) and gf=1 (Variance). BCS-040/Block 1/Unit
3/Section 3.6 explains normal distribution in details.

12
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random variable £ having Mean # and Variance & * . What are the mean and

variance of £ ?

Task: Try your hand in calculating the following in cells @22..T24 by altering the
values of U and V in cells 023..024.

Pl-1= 2 1) = 06827
P{=2 = I <2)=09545
Pl=3«< I <3y=09973
Can you now calculate probabilities #{—1 < I == 0} P{-2 < I < 3}9

Task: Construct the frequency distribution of the standardized values for the data on
life of light bulbs used in Figure 1 & 2 (see Figure 5 for the results).

Following steps will enable you to get the content of Figure 5.

e The standardized values £ of the random variable £ are calculated in the
range H2..L21.

e The mean of £ -values and standard deviations are given in 020..021.

e The Data 2>Data_Analysis PHistogram option was used to generate summary
statistics (bin, frequency).
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Figure 5: A Sample distribution — almost normal distribution

Point Estimates and Interval Estimates: An estimate of a population parameter that
is a single number is called a point estimate. For example, sample mean X is an
estimate of the unknown population mean # . An interval estimate on the other hand
provides a set of two numbers, within which the unknown parameter is likely to
belong (see Book 3, Chapter 6).
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Statistical Methods Let #r and 97 be the mean and standard deviation (standard error) of the sampling

Lab distribution of a static T . Then, if the sampling distribution of T is approximately
normal (for CLT see BCS-040/Block 2, Unit 4, page 15), than the values of

o o

T—ur ]
=]
probability " ¥y for 2r = L3 are given in the table below. It follows

from the table values that the end numbers ¥ + 'z ,¥20; T+ 30: are the 68.27%,
95.45%, 99.73% confidence limits for “7 respectively.

For example, the confidence interval for mean (# )

Large sample (! £ 30 ): (Ref. BCS-040/Block 1/Unit 4/page 12-13) using standard

error expressions, the confidence interval for the population mean is given by
M

i 1
¥ "y — 1

Ii'::_— o A+zr —
Vi V=1 o ¥ . These are of the form

Esrimare  error margin (please refer to figure 6(a)).

-

Confidence Level: The probability £IT7 — =~ r < tir= T + 2+ 7] enables us to
state the level of confidence for unknown parameter 7 to belong to the said range.
For different values Zc the table below lists the confidence level..

Confidence level | 68.27% | 90% | 95% | 95.45% | 99% | 99.73%
Zr 1 1.645 1 1.96 | 2 2.58 |3

In the Figure 6(b), the z value for 95% confidence level will be 1.96.

Density Curve of

Sample Mean >

95% probability

| — error V) | + error
margin margin

<+— (Confidence Interval —

(a) The density curve for mean of various sample, the error margin here is for 95%
confidence level

Area = Confidence Level
= (95 % in this case)

P(value) = 1 — 95%
(value) =1-95% P(value)=1-95%

2

-z 0 +z
(a) Standard Normal Curve for 95% confidence level

Figure 6: Confidence Interval, Confidence level and Normal Distribution using density and
standard normal curves
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Please note that Figure 5(a) shows the density of the mean for various possible Descriptive Statistics
samples of defined number of variables. The idea in this figure is that for a confidence and Statistical

level of 95% there will be a range of possible sample mean values that will range Inferences

within a confidence interval. However, if you convert the mean score to z score, you

get a normal distribution as shown in Figure 5(b). This figure shows that there will be

a standard confidence values which will be equal to the shown area on the curve (95%

in the case of Figure 5). The remaining area called a (5% or 0.05) will be in two tails

(2.5% or 0.025 each).

Null Hypothesis: The Null Hypothesis is the statement or the claim that there is no
difference in true means or proportions of groups that are being compared. It is
observed that a Null hypothesis many a times includes phrase like no effect or no
difference.

For example, take the case of test of the hypothesis that the average height of men in
North India (#x7) is greater than the average height of men in East India (#= ). Notice
that the claim in this case is 4x > tr and this forms the alternative hypothesis H1 .
Having no predetermined reason for the heights to differ, the null hypothesis Ha is
that they are the same.

Hgt 4y = gz Average heights of men in North India and Eazt [ndia are same.
Hy: wer = u- Average heights of men in North India iz greater than East ladia

|3

In general, the a and 11 can be one sided or two sided. For example, alternative
hypothesis may be Ha: iy # tig.

Two common types of errors related to the testing of hypothesis are:

Type I error: this occurs when the null hypothesis Ha is rejected when in fact, Hy
true.
Type I error: this occurs when the Hypothesis Hy is false and it is not rejected.

p-Values: It is defined as the probability under o of observing an equal or more
extreme value of the test statistic, where extreme denotes departure from the null case,
in the direction of the alternative hypothesis Hy . If the p-value is small, then it may
lead to evidence that the sample data does not support Ha . For example,

if g = 0.002 = 0.05 | the value of statistic belongs to the region of rejection (please
refer to Figure 6). Hence, the evidence against null hypothesis o results in its
rejection and consequently in the acceptance of alternate hypothesis 71 .

€t _Value: In order to test the null hypothesis, it is required to fix a cutoff value for p-
value. An a value of 0.05 means that the evidence provided by data against Hy should
be so strong that it would not happen more than 5% of the time. In other words, if we
carry out the test 100 times, only 5 out of these values of mean or proportion, etc.

(statistic T ) calculated from samples, is not in the region of acceptance. Further, it is
also termed the level of significance of the test.

1.6 t-DISTRIBUTION

Please read the content of BCS-040/Block 2/Unit 4/ Section 4.4 on page 18 on the t-
Distribution. We reproduced here the relevant portion below:

Suppose % 1+ 4z £ be a random sample drawn from the normal
distribution -¥{tt ©*} where the population mean p and the variance o> is unknown

15
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(i.i.d.). Then the expression given below has Student’s t-distribution or simply t-
distribution with a parameter v=n— 1

X—p
F = 5
I
f m
1 =
§= |— Y i{x, —%)®
Here, m=-1 is the variance of the sample

" is the mean of the sample, and
=1 -1 jsthe degree of freedom (d.f.) of the distribution.

The probability distribution for different values of d.f. are shown in Figure 3,
BCS040/Block2/Unit4/Section 4.4/page 19. The probability #{z = .} = & for

different values of '« & is tabulated in Page 93 (Right-Tail) are shown in Figure 4
(page 19) of the unit.

Important Property: t-distribution is symmetrical about the value t = @
This is useful in calculation of probabilities under the curve using the table
mentioned above. Mathematically, PIz < =10 = Fir = .},

Thus, P{I:I = :} - ':‘E:' = _:.:}+ F{: - :.."Il - 2":.';-: e ":1 and ~fz= fi-a
(Refer to Book 3, Chapter 4).

Please note that the values given in the table are only for the Right-Tail of the t-
distribution. For example, if a =0.05 and v=10, one tailed value foos = 1812
However, if we want to find the two tailed value for the same significance level, we

E = Fr
have to use "~ =“-% 10 read values from the columns of the table and the value

of ¥ = 10 in the row to get fopzs = 2128

Example: Let us solve the problem of £ -distribution given in Example 3 of
BCS040/Block2/Unit4/Section 4.4/Page 19 using a spreadsheet package.

Given: Degree of freedom ™" = 9 | find t for which
(i) shaded portion of the right = 0.05
(ii) the total shaded area = 0.05
(iii) the total un-shaded area = 0.99
(iv) the shaded area on the left = 0.01

Solution:

The solution using the Table of t-distribution is given in the said Block. To solve this
problem using spreadsheet, you need to know the following function (this function
may have different name in different spreadsheet package):

TINV(probability, degreesOFfreedom)

This function returns the ¢ -value of the Student t-distribution. It takes two
parameters:

Probability —probability for which you want to determine the t-value. Please note
that the function return the value of £ for two-tails probability of the curve
denoted as #lltl = t.} = 27{r = 1.} What are two-tails? Please discuss it with

other students. Can you appraise the values of £ in the table mentioned above and
the values returned by this function?



Degrees of freedom as defined earlier is defined as V" = % = 1 where I is the Descriptive Statistics

number of observations under consideration. and Statistical
Inferences

For more details on this function, you may refer to the spreadsheet package that you
are using.

Now, you are ready to solve the problem.

(i) Shaded portion of the right (o) = 0.05.
Since the spreadsheet function takes probability in the form of two tails, the
total shaded portion will be twice the shaded portion on the right. Thus,
probability =2 x 0.05 = 0.1 (it is calculated in cell F6 of Figure 7), the degree
of freedom is given to be 9 (Cell F7 of the Figure 7). Thus, you insert the
formula =TINV(F6, F7) in cell F9. Verify the result with the Example’s
result as-well-as the table value.

(ii) The total shaded area = 0.05.

The total shaded area is same as the probability, so you just need to insert this
probability in cell G6, put 9 in G7 and formula =TINV(G6, G7) in cell G9

(iii) The total un-shaded area = 0.99.
Calculate the total shaded area and insert the formula for t in cell H9.
(iv) The shaded area on the left = 0.01.

This area is same as area in the right. So insert the required formulas.

Figure 7 shows these results. Now, let us solve the problem 4 of the same section
using the spreadsheet

Problem 4: of the same Unit stated above

Given: Sample size and t-value; find the probability.
(i) n=26,t=2.485
(i) n=14,t=1.771

Solution:
To solve this problem, you need to use a function from the spreadsheet package:

TDIST(x, degreesOFfreedom, tails)

This function returns the percentage points (Probability) of the student t-distribution at
a t-value specified by x. You may be able to define the other two parameters. You
may refer to spreadsheet package help for more details.

(i) n=26,t=2.485and
(ii) n=14,t=1.771

Please check in Figure 7, cells F13 to F16 and G13 to G16, the values have been

entered respectively. You can Insert the formula =TDIST(F15, F14, F16) in cell F18
and copy it to G18. You will get the required probabilities.
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Figure 7: t-distribution (Problem 3 and Problem 4)

Hypothesis testing using t _statistic

Procedure for Mean: (See Book 3 Chapter 7)
To test for mean a4t = tg against an alternative

Hytu > ta Calculate P8-.: and Reject Ao if 8.0 = 18,
Hy:u = iy Calculate T8-2: and Reject Ho if 3.0 < 18,
Hy:u # 1y Caleulate 188:4:1 and Reject a, if EBeacl = (8,5

Example 4 of Course BCS-040/Block2/Unit4/Section4.4/page 20: We briefly
describe below the procedure:

Given:

Sample size of fuses * = 20 | this sample is subjected to 20% overload

The expected average time of blowing of fuses (p) 12.40

The average time of the sample = 10.63 minutes with Standard deviation 2.48
minutes.

Claim: The fuse will blow in 12.40 minutes on an average with 20% overload.
In other words, you can state null hypothesis as:

Hy: The average time for the fuse to blow with 20% overload is 12.40 minutes.

H,: The average time for the fuse to blow with 20% overload is below 12.40 minutes.
or simply stated as

Ho:u = 1230 minutes

Hyzu = 1240 minutes

The solution to the problem is discussed in the Unit. We can also use spreadsheet to
solve this problem as shown in Figure 8. Insert all the values in the spreadsheet and
calculate the t-value. By now you are familiar about the functions that are used in the
spreadsheet.



In the Figure 8, you may notice that the tabulated value of t., is calculated (in cells Descriptive Statistics
B13, C13 and D13) using the spreadsheet function: and Statistical
TINV(probability, degreesOFfreedom) Inferences
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Figure 8: A sample Hypothesis Testing using t values

The calculation of statistic t., is done using the formula:

[’—I_“
]
[

Please note that the inference in this case is drawn for various a values. You should
also notice the Standard error mentioned in the diagram. Please relate the standard
error to Figure 6.

The claim of the company has been Rejected as you can notice that fear = ~Lran,
which is the condition to Reject the Null Hypothesis.

Further, the test can also be carried out directly using ¥ -value of the test, which in
this case is B = Prit £ £, |Hq:u = 12400 = 0.002400778 | which is mentioned in
the last line of paragraph above Figure 6 of BCS-040/Block2/Unit4. Note that the
typical values of level of significance used in practice are @ = 3%, 1%, 1.1%  and
the decision in the last case being different (Acceptance) in the present case.

1.7 CHI-SQUARE DISTRIBUTION

The Chi-square Distribution is defined in the BCS-040/Block 2/Unit 4/ Section 4.5 on
page 22.

Suppose “1+%z:**&. be a random sample drawn from the normal
distribution -¥{tt« ©*} Then distribution of the statistic

A i E[T-_j F.:r = {1‘: = 1.]5:

o=
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Statistical Methods is called chi-square (¥ : ) distribution with " = 1 — 1 degree of freedom.
Lab
e Chi-square is always positive
e  Chi-square distribution is not symmetrical and is skewed
e As' increases, the shape of distribution approaches the shape of the normal
curve
e Table 3 in Unit 7 gives probability & (4% = ¥2) where ¥* is distributed as
chi-square with V' d.f.

Example 5: (Refer page 23 of the Unit stated above) you need to find the value of
(12"2 of the ("{2 ) distribution for o = 0.05 and 0.01 for the degree of freedom 5.

Solution:

In order to solve the problem using spreadsheet package, use the function
CHIINV(Probability, DegreeOfFreedom), that returns the value of & * for given value
of probability and d.f. V' . The solution of this problem is shown in Figure 9. The
value of probability and degree of freedom are in cells F3 and F4 respectively for the

first case, and G3 and G4 for the second case. The formula entered for calculating chi-
square value in cell F6 is: =CHIINV(F3, F4). This formula is then copied to cell G6.

Problem 5: (Refer page 23 of the Unit stated above)

Variance of the refractive index of glass (expected) = 1.26 x 10™
Sample size = 20, so degree of freedom =20-1 =19
The firm rejects any sample having a variance higher than 2.0 x 10™

What is the probability that a shipment be rejected even through the variance in the
population is 1.26 x 107

Solution:
First please note (as stated in the solution given in the Unit) that the sample is taken

from a normal population having the variance 7* . The sample has a variance of 54

and the size of sample is small (" = 30 ) then chi-square value can be calculated
using
L o '[": = ll:l-:'i

¥y
7a

You can now use this formula to calculate the value of chi-square and check it against
the tabulated values (you can use spreadsheet CHIINV function to calculate the
tabulated values). Figure 9 shows the details of the calculations. In the cells F9, F11
and F12 size of the sample, the values of variance of population and value of variance
of sample has been entered. The cell F14 contains the formula =((F9-1)*F12)/F11
that calculates the value of chi-square to be . * = 30.16 _ To calculate the probability,
we first calculated the degree of freedom in cell G10 and using the function
CHIDIST(x,DegreeOfFreedom), where x is the value of chi-square on which
probability is to be calculated, you can calculate the probability of rejecting a valid
sample as

Priy® = 30.16l7% = 1.26 % 107} Thus, you can enter the formula
=CHIDIST(F14,G10) in the cell G16. The calculated probability is 0.05 which means
there are 5% chances that a due to our method of sampling, we reject a shipment that
has variance of the refractive index of 1.26 x 10™,
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Figure 9: Using chi-square distribution

Hypothesis testing using A : —statistic

For Variance: (See Unit 6/Page 66, Book 3/Chapter 7)
Statistic:
g =152
- - l.{. : I-::
To test for variance Ta:9* = 5 against an alternative
Hy:o® = 0f | Calculate {2~ and Reject fla if %2 > Kinoa
Hy:0® < of | Calculate 121 and Reject Ho if £7ar < X i-nmn-1
. . .2 2
Hi:o® # 0f | Calculate £ 2+ and Reject Ha, if T5ar = d1-%fn-1
orAdar * Xdgm-y

Example: Let™ = 10 o =005 Ha:0% = 16 agqinst an alternative

o Hy:0® <16 Reject Ho ifd3n: < Afaze = 33251

o Hiy:g® =16 , Reject flo if X321 = ¥dose = 165190

o Hyo*=16 Reject Ha, if Xiat € XBerse = 27004 or
X2t = Xiomas = 19022

Computation of these values are shown in cells K9..N12 of Figure 9 using worksheet
function CHIINYV.

For Goodness of Fit: (See Unit 7/Page 76, Book 3/Chapter 7)
Statistic:
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where C: ’s are the observed number of values in the ! th class and £: ’s are expected
number of values in the same class. Then the approximate distribution of X~ is Chi-

square with ¥ — 1 degrees of freedom. Example based on this will be discussed in
section 1.10.

1.8 F-DISTRIBUTION

The F- Distribution is defined in the BCS-040/Block 2/Unit 4/ Section 4.6 on page 24.
Before starting with this section, please read BCS-040/Block2/Unit6/Section
6.3.2/page 59, in particular page 64.

Recall that in applying I -test to test the hypothesis of the type Hyzpy = pig , against
Hyzuy # Hs etc., it was assumed that the samples were drawn from normal
populations with means 1+ %z and equal variance of = 0f = o* , which is unknown.

Note that this equality of variances, which is required can be tested using £ -
statistics/distribution.

Suppose “* 1a+<2 13+ " 1my and 4 2204 23074 2my be two independent random samples
drawn from normal distribution -¥ {41 &5} and V{2, 93} respectively. Then the
statistic
Fy
. _f" vy
Xz
i,

has £ -distribution with V1 and Vz degrees of freedom it is denoted as Fivivn . The

random variable £ can also be defined as the ratio of two independent chi-square
random variables, each divided by their respective number of degree of freedom. Here
wEny—1 vy=n:—1 apd

st -0 (g - 1S
e Az =g
Ty and i
e [ isalways positive

[ ]
™

-distribution is not symmetrical and is skewed

e In order to decide which of the two samples is first or the second, we take
larger of the two quantities in the numerator and the smaller one in the
denominator.

e Table 4&S5 in Unit 7 gives probability Pr(F = Faves J, and the values so
tabulated are greater than unity. Worksheet function to be used
FDISTIx, vy, 10 )

1

Fiaaa Wi o F . — . -
o “avgena, in order to get value of & for given @."y. V2 use

worksheet function FINV{a, vy, 15}
You may also refer to Book 3/Chapter 4.

Example 6: (Refer to page 24 of the Unit stated above) A random variable has F
distribution with 40 and 30 degrees of freedom, Find the probability that it will exceed
(1) 1.79 and (b) 2.30.

Solution:

To find the probability for the given value of random variable that has £ -distribution,
you need to use the function FDIST(x, DegreeOfFreedom1, DegreeOfFreedom?),



where x is the value of random variable on which probability is to be calculated. You Descriptive Statistics
can insert the data as shown in Figure 10, and enter the formula =FDIST(F5,F3,F4) in and Statistical

the cell F6. Copy this formula to G6 to get #r{F = 1.78} = 0.05 Inferences
and Fr{f = 230} = 0.10  You can compare the results that you have obtained using
the spreadsheet function and the example of the Block or the table lookup value.

Problem 6: (Refer to page 24 of the Unit stated above) If two independent random
sample of size 1+ = ¥ and "1 = 13 are taken from a normal population. What is
the probability that the variance of the first sample will be at least three times as large
as that of second sample?

Solution:

You can easily find the number of degree of freedom for the value of random variable
and calculate the value of random variable under F-distribution as 3.00 (variance of
first sample is triple of the second). You can once again use the function FDIST as
explained above.

However, in the figure 9 you will find that we have also used a formula of
=FINV(K15,K11,K12) in cell K13. The purpose of this function is to calculate the

value of £ for given probability and degrees of freedom. The function in spreadsheet
is FINV(probability, DegreesOfFreedoml1, DegreesOfFreedom?2).
|

Ficmizag =
Further, notice that the expression el Fakiz fora = 0.05 (in cell F15) is

verified in cell F17.
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Figure 10: Using F-Distribution
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1.9 TEST OF SIGNIFICANCE

As discussed in the section 1.5, an important aspect of statistical data analysis is to
draw inferences and conclusion concerning the problem under investigation based on
sample being drawn from the population. Let us reiterate the definition of the test of
significance here: The test of significance is a formal procedure that is aimed at
assessing evidence that is provided by sample(s) data in favor of some
claim/inference about the entire population. For details on test of significance, use
of chi-square testing you must go through the BCS040/Block2/Unit 6. The following
are the steps, in general, in performing the test of significance:

Step 1: State Hy and H; and select a significance level o

Step 2: Specify and select a sample

Step 3: Calculate desired Statistics

Step 4: Calculate the ¥ -value

Step 5: If value of ¥ = & | Reject Null hypothesis and conclude H; may be true.

Otherwise, we conclude that sample does not provide sufficient evidence
against Hy, thus, we do not reject Hy

Recapitulation: Based on what has been covered above, the following should be
useful in deciding a test statistic:

e Based on Large sample:

o UseZ -test in testing a hypothesis concerning means such
as Hatit = g or Hatits = U2 (Unit 6/page 53/Section 6.3, Book

3/Chapter 7) and

o UseZ -testin testing a hypothesis concerning proportions such
as Ha:7 = 7 or ety = Tz, (Unit 6/page 67/Section 6.5, Book
3/Chapter 7)

e Based on Small samplef’ = 30} (see Unit 6)

o Use® -test in testing a hypothesis concerning means such as
Hg:u = ug or Hatits = U2 (in both cases of two independent
samples; paired and not independent samples)

o Use® -test in testing a hypothesis concerning proportions such
as Hatm = 7 or Moty = 7z (Unit 6/page 67/Section 6.5, Book
3/Chapter 7)

o Use.l'" -test in testing a hypothesis concerning variance such
as Ho:o® = a5

o Usef -test in testing a hypothesis concerning variance such
as Hatof = 0F

The following two examples describe the use of these tests using a spreadsheet
package:

Problem 9: (Refer Unit 6, page 65):

The table givens the data on the reading speed of 10 students
Before | 941103 (8468|7898 [92|11.2]9419.0
After [9.3/106|88]70]|7.7]10.0|98|11.7]9.7]9.0

Can you say that the reading course is a success at 0.05 level of significance?



Solution:

In order to judge effectiveness of the reading course, we denote reading speed
“before” by 11, “after” by <421 and the difference by

D =Xy ~ &g le Belore — After: Then apply [ -statistic to test the null
hypothesis.

Note:

1. Since in this example, the question being investigated through statistical test
of hypothesis is: “Can you say that the reading course is a success?”, and it
can be considered to be a success in the case of higher average reading speed
among students after undergoing the course. In other words, we are

effectively testing D<o,
2. Consequently, we will apply a one-tail (left-tail) T -test to test the hypothesis.
3. If we start with a definition & = Xz = Xy 1L.e, After — Before e can

reproduce the solution discussed in Unit 6, page 65-66 with Hy:D =0

Here, the hypothesis to be tested is:
Hy: No difference in the mean reading speed before and after
undergoing the course i.e., there is no difference in

students reading abilities before and after the course, orJ=10
Hy: The mean reading speed after the course is greater than before
undergoing the course i.e., the students reading course is a

success, or & < 0

You can apply the Left-Tail ¢ -test to test the hypothesis using spreadsheet package.
Figure 11 shows the application of “t-test: Paired Two Sample for Means” test on the
data. You can apply this test in two ways in the spreadsheet.

o Select Data=> Data Analysis—> t-test. Paired Two Sample for Means
e In the resulting dialog box enter the two ranges of data and output range
as shown in Figure 11.
e Here we have used ranges as:
o Variable 1 Range: $B$2:$K$2
o Variable 2 Range: $B$3:$K$3
o Output Range: $A$5
o Leave the alpha (significance level) as 0.05

On applying the test, the results so generated are shown in Figure 11. Some of the
terms that are of importance in the present case are: mean, variance and number of

observations for both the samples, number of degrees of freedom (d.f.) and ¥ -value

and ¢ -value for one or two tails.

Decision: Here, tear = —3.023 and ty-oos = —fope = —1833
Since fear = ~foes, we Reject the Null Hypothesis and conclude that the reading

course is a success. Here, ¥ -value for the test is
p=Prit % t..:14,) = 0.007 < 0.05

The second way is by using the worksheet function:

TTEST (arrayl ,array2, tails, type); type is the type of t-test, help on which can
be found from spreadsheet help.

Descriptive Statistics
and Statistical
Inferences
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=TTEST(B2:K2,B3:K3,1,1) in cell H9, which returns & = 0.007 in cell 19 (Please
Read Note above for explanation on arguments “1,17).
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Figure 11: An example of use of t-test

e In both the cases you have got ¥ -value (Left-tailed) as 0.007, which is less
than the significance level of 0.05. Hence hypothesis H, is REJECTED. This
implies that there is a significant difference/improvement in the average
reading ability of the students and hence the reading course is a success.

e Extreme caution should be exercised in deciding the direction of the rejection
region (left, right or 2-tail) and this has a bearing from the basic question
being investigated.

e Conclusion of the test should pertain to the basic question being investigated.

1.10 APPLICATION OF CHI-SQUARE TEST

Chi-square testing is used in two important types of test: finding the goodness of fit
and performing the test of independence/ For more details on these tests using chi-
square testing you must go through the BCS040/Block2/Unit 7. In this section, we
present few examples of these tests using spreadsheet.

Test for Goodness of fit

Example 1: (Refer to Unit 7 page 77) Jaswant is interested in breeding flowers of a
certain species. The experimental breeding can result in four possible types of flowers:
a) Magenta flowers with a green stigma (MG)
b) Magenta flowers with a red stigma (MR)
¢) Red flowers with a green stigma (RG)
d) Red flowers with a red stigma (RR)

As per Mendel’s law, the ratios of these flowers are 9:3:3:1.



Jaswant found that under her experiment, out of the 160 flowers that bloomed, number Descriptive Statistics

of flowers of the four types are: and Statistical
Inferences
MG has 84
MR has 35
RG has 28
RR has 13

Check if this data is compatible with Mendel’s law or not.

Solution: The hypothesis to be tested is
Hy: The distribution of the flower types is multinomial with ratio 9:3:3:1
H;: The distribution is not as per the given ratio.

Figure 12 shows the goodness of fit test carried out for the data and the expected
theoretical model. In the cell C13, you can enter the formula for calculating the

tabulated value of chi-square using the function
CHIINV(Probability,DegreeOfFreedom) which is: =CHIINV(CI12,C11)

The hypotheses of goodness of fit can be tested using the statement in cell C15:
IF(Chi-square at alpha >= calculated U ) then Reject HO else do not reject HO

You can enter the related formula to check if hypothesis is rejected or not Result:

Calculated Value of V) =2.27,
Critical value (at 5%) =7.81
Decision Do not Reject Ho

Let us discuss another example for testing goodness of fit using chi-square statistic in
the case of fitting of normal distribution to the given data, which is based on Problem
1/Unit 7/page 80 (also see Book 3/chapter 7,page 7.33 and page P.12 & P.17).
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Figure 12: Chi-square test for goodness of fit
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Problem 1: (Refer to Unit 7 page 80) A chemical company wants to know if its sales
of a liquid chemical are normally distributed. This information will help them in
planning and controlling the inventory. The sales record for a random sample of 200
days is given in the following Table:

Sales (in 1000 litres) | Number of Days
Less than 34.0 0
34.0-35.5 13
35.5-37.0 20
37.0-38.5 35
38.5-40.0 43
40.0-41.5 51
41.5-43.0 27
43.0-44.5 10
44.5-46.0
46.0 or more 0

Assume that the upper limit of a class shows that quantities less than that limit are in
the class. So, for example, 35.5 will be included in the third class interval, not the
second one.

At the 5% level of significance, test the hypothesis that the company's sales are
normally distributed.

Solution : Hy : The company's sales are normally distributed.
H; : The company's sales are not normally distributed.

Figure 13 gives the worksheet dealing with the two problems viz.,(i) fitting of normal
distribution and hence (ii) test for goodness of fit. The first step in this exercise is to

locate if the values of parameters mean (% ) and standard deviation (¢ ) have been
specified in the problem. If they are not specified, we proceed to calculated/estimate
their values from the given data. This step will enable us to decide the degrees of
freedom for the Chi-square test, as it has to be reduced by 1 for each parameter being
estimated and otherwise not. Here, for the purpose of demonstration we have used the
estimate value of Unit 7 as the specified values of population mean 40 thousand litters
(in cell B19) and standard deviation 2.5 thousand litters (in cell C19). So, the d.f. is
not reduced. Subsequent calculations related to the problem shown in the worksheet
are self-explanatory.

The spreadsheet calculates the mean and standard deviation based on the formulas
given on BCS040/Block 1/Unit 1 Page 30and 31. Please enter the formulas yourself.
You can also enter the formulas for calculating U as shown in Figure 13.

Conclusion:

¢ Since the calculated value of U is greater than the chi-square tabulated value, we
Reject Hp and conclude that normal distribution does not provide a good fit for the
data.

e Further, note that if we use the estimated values of # and & (enter values in cells

B19 and C19).
o The d.f. has to be reduced by 1 for each parameter (enter 1 in cells N15
and N16).



o Notice the expected frequencies and pool the classes appropriately (for Descriptive Statistics
frequency less than 5). Hence, enter the appropriate adjustment to d.f. in and Statistical
cell N17. Is there any change to the d.f.? Inferences

o What is the conclusion now?

O] [l el g e G e e f— v ol
P e B IR T | BoE - Ll sl = g e 10 B EEEA S W e
[ w &

EE—— 3 S ] e 1 ) | T

(1L} H R R T.ipha i :I 'i’lr-ll'll-l-llp : fapmiral Bt wdimal | Eopenind

| Lt il i || el 8l | e | | foparepal | Obasrved | [ T—
| i (1 i a s i
Sk | i D30 | | du |t b | iprerea [ 2 L] gafF i el T I :;:MWH | I‘:'I:II Mavbytal | ey | e B i
j | L L R T i liwE flap el jai |
1 L P i i | a5 ] B bR ik £ T BEl | s |
FLL il [ ms| W [l ow T oede [ isany 0 | ant [ ROTT | Nems | vema | 4% | W |
L T N | S L = R L oL R b I T O 9 UL L S Y L I
IRRLET 5 B W - | 17 15 14 £ ) ila a2t EiRE | Apwed AL 14 1 |
T, | % | |wiav] s | | m35 | W | asele | eand | GAH AL aii | a |
AE-4L s jal 1 0y 1% %3 [ (b s i 1147 P 11%F Ay 1% 145 LREL ]| 14 |
=R 1 AT s 15 TRt CE LT | L L B M Eind -::lni-I i1l 1 [
Aridih [ ddy | 0k | Aidh | b | RN | k236 | L4 | Ad6d) | B ) BSRIR ) BSRIMG GMSE | MR
H M IAE oA | 4 |adyd oay ) Ak | aeay | B4 | wsxie | enivr)  dves  f gamd | 3w Ui
TR L P i | Al iy B | s bEde (UL 1k i
| 4. ERE] LR ] ] J.IJIJ!I:I-'!- JiE e i iR
| a CLEE] ¥ i twr bar o Olmnay n
|ia L (R ] i W Tagraan 2! Tiagdken T L Heeed . in ooloutoind
:.'\- AT EETN 4 &F Dpebanaiesl e BaR Farwamia il g L
g  Eedrwiteungt g AEAEED 5.0, Dy dguies sibie 1 & ddar RRUT TR [
A% Cempned barn 10dd 2% N L =ipribai (Hy Wyl Aaaad (@i ]
L] Thean o e i 4r El Jeral 1
.... Yt BT TP T T L

Figure 13: Test of goodness of fit

Test of Independence

Chi-square test can also be used to investigate if there is an agreement between the
observed frequencies and the expected frequencies or independence of attributes. See
Unit 7/section 7.3 or Book 3/Chapter 7. The following example explains this in detail.

Example 4: (For more details refer to BCS040/Block2/Unit 7/Page 84)
The Glorious Watch Company wants to find out if there is any relationship between
the income of a person and the importance she attaches to the price of a brand name.
Mr.Zafar, the Chief of the Marketing Division, wants to test the hypothesis:
Hy:  Income of a person and importance to her of price attached are
independent. against
H,: Hy is not true or there is some dependence.

Solution: The Figure 14 gives the results computation relating to the test of
hypothesis. The test has been done using two approaches —

e (Calculations using the formula as given in the Unit 7

e Calculations using the CHITEST(...) function of the spreadsheet.

Remark:
e Details of all related computations for the two methods can be seen in the
attached spreadsheet. You can enter all the formulas yourself.
e Notice that the notion of “range naming” in worksheets has been used here for
the purpose of demonstration and it is explained in the steps below.
o To name a range Click on Formulas ?Name Manager >New Dwrite
Name ASpecify Refers to

29



o Then while writing a function in place of the range, you can write the
named range from the list.
o Here, the range has been named as “ObservedFREQ”.

e (Can you identify which other places in earlier worksheets could you have
used the same?

e The “hypothesis is rejected” in both the methods and we conclude that the
income of a person is related to the importance she attaches to the price of a
brand name.

e For Method 1, please refer to Unit 7/page 8§3.

Statistical Methods
Lab

The result so generated helps us in the process of managerial decision making.

I i rasalt Lucel Edited_Precticalin e

Al pe f Do e Pgre o [is e e B i o8 x
BT FLN T W & WY T A SN LR S W BN EER L R -4

1] = L]

[ Lo B C el E | F 4 H LI M [ v] & P a R lE
1 Method 1 Meethod 2
z| Feamre 2 noome} Featire1 | Faature dincome)
3 Feature 1 Lo kil High TOTAL K- {Imparatan Lot Middle| Hagh | TOTAL
a[mporatace o Prce) | Gy | By | Oy | By | Oy | Ky Lowe  hrdBe  Hegh e by Pl hy D | s
| freat LTI R 1
b Great 70 G358 SB[ 6L2 33| 4522 Iy 374 | 167 | 3302 Ioderat 48 5 15| 158
7 Moderate 48[ 508  6G| Se88| 45 4204 1580 1082 | 1159 o4 Lowy w57 55 172
g low GO G433 57| 6L92 55| 4575 172 0231 | 0391 | Li6d TOTAL 187 180f 133] 500
] I-L E.;- EI_:
.I:I.l TOTAL 187 180 133 S0+ u = 13,21 Gereat 63,58 0612 4522
i) [Wadderat 5904 5688 4L
iz | Here, £ = {5 of entries of ith rev )< Suny of entries of jih columnl/i Tatal Sample Size) Loy b4.328) 6192| 4575
12 Mumbar of Rows i
14| Mumber of Columns 3 Calewlated P-vlaue 0.l
it Degrees of Freedom » (rows -1} « (column -1 Significance Lovel o 0.2
in Degrees of Freedom 4 Hypathesis (Hyt Rejectad
i7|Significance Level o £.02
1k Chi Sguare value at ¢ 11.67 Wsing CHITEST Actual_range, Expected_Range] finction
1 Hypothesis (Hyl Rejected
u
Iy
JJ'"
B
R o Figrmd f Frgued f P Fraureed | e e f Figeads st gt | Figmad f Pawald [ Figaedd ) Figwdd |x ¥ |f

Nuach

siany [ e

W o

“ - -
u ¢ €0,

Bireiertricd e | (kKRR SALTRTAY 2 intem G351 g

Figure 14: Test of independence

& Lab Sessions 2, 3, 4
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Develop all the spreadsheets as shown in various diagrams in these previous
sections. Can you now make effective use of names for ranges instead of cell
references?

Perform all the examples given in the Unit 4, 5, and 6 using spreadsheet
package.

Perform the following Exercises of BCS040/Blockl2/Unit 4/ E4 (Page 10), ES
(Page 11), E6 (Page 13), E7 (Page 18), E8, E9, E10 (Page21), E11, E12 (Page
23) and E13, E14, E15, E16 (Page 25) using spreadsheet.

Write simple C functions to calculate the ¥ and chi-square values from the
formula that are given for their calculations.

Perform the exercises of BCS040/Block 2/Unit6 and Unit7, which can be
implemented using spreadsheet. If not generate sample data for the tests.



Descriptive Statistics
1.11 SUMMARY and Statistical

Inferences

This section is an attempt to provide you details on some of the basic concepts of
statistics along with how their computations can be carried out in a spreadsheet
package. The attempt here is not only to introduce you to various steps that are used to
perform the said statistical data analysis, but also to the spreadsheet functions that can
be used in performing the same. The unit begins with frequency distribution,
summarization of data using central tendency and dispersion and subsequently covers
nature of sampling distribution and some important concepts such as ¥ -value,
significance level, normal distribution, array formula and finally range naming. The

unit then explains how you can use spreadsheet to solve problems using t -

distribution, chi-square distribution, F _distribution etc. Finally the unit describes the
use of spreadsheet package for performing test of significance. The test of significance

is explained with the help of an example on I -test. The last section of the unit is
devoted to application of chi-square testing on testing goodness of fit and
independence of attribute.

1.12 FURTHER READINGS

Books

1. Introduction to the Practice of Statistics, Fifith edition, 2004, David S. Moore,
George P. McCabe, W.H. Freeman and Company, Newyork

2. BCS-040: Statistical Techniques, IGNOU Material.

3. Probability and Statistics (Schaum's Outlines Series), SIE, 2010, Murray R.
Spiegel, John J. Schiller, R. Alu Srinivasan, Debasree Goswami, Tata McGraw-
Hill Publishing Co. Ltd., New Delhi

Web link:

e www.wikipedia.org
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SECTION 2 CORRELATION& REGRESSION
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2.4.2 Multiple Regression 42
2.5 Summary 46
2.6 Exercise 46
2.6  Solutions/Answers 47

2.0 INTRODUCTION

The objective of this unit is to enable you to investigate the interdependence of
variables in terms of Correlation and Regression analysis through hands-on
experience in using MS-Excel and its tools viz., Data Analysis Tool pack. However,
prior to this you should go through BCS 040 Block 3 Unit 9, Regression Analysis,
which is a prerequisite.

Whenever you are going to conduct a study or experiment or research, irrespective of
the discipline, it is desired to analyze the dependence of one variable over other(s).
Correlation and Regression are used to analyse collected sample data to investigate
the relationship between the variables to answer associated questions such as:

e Is there any relationship between the variables under study?

e How strongly the variables are related to each other?

e (Can we use the relationship to estimate or forecast the value of one of the variables
(dependent variable)?

This section provides a practical orientation in the light of your understanding of
BCS 040.

2.1 OBJECTIVES

After going through this unit you will be able to perform:

Correlation analysis through Excel;

Multiple Correlation analysis through Excel;
Linear Regression analysis through Excel; and
Multiple Regression analysis through Excel.

2.2 CORRELATION

Let’s start by describing the following simple example: In any computer system there
are various components like Memory, Processor, Motherboard etc, and say you want
to study how the performance of any computer system varies with different
permutation and combination of some constituent components. For example, you may
want to know “is there any relationship between the size of Random Access Memory -
RAM and the performance of Computer system” OR “is there any relationship
between Hard disk storage capacity and the performance of Computer system” etc. in



order to address such queries, you are required to conduct a statistical experiment that Correlation and
entails in the collection and tabulate the data as discussed earlier. So, collect and Regression
tabulate data under heading say “RAM-Size” and “Performance-Status” OR “Hard

Disk-Capacity” and “Performance-Status”.

Thus, it is required to carry out a statistical investigation of the fact that a Computer
System’s performance improves on increasing the RAM size. Since it is known that
there is non-linear relationship between the two variables, a linear regression (which
involves linear relationship between variables), will “not be a good approximation” in
the study of relationship between system performance and RAM size. Consequently, a
non-linear relationship of appropriate type, between computer system performance
and RAM size will only give a better approximation (read chapter 8, Book 3). Since,
Non Linear regression is not within the scope of this course, we will restrict our
discussion only to Correlation and Linear Regression. Recall that a linear relationship
between variables (independent variable) and (dependent variable) can be put in
the form

The objective of our study is to investigate the question

“Is there any relation between the size of Random Access Memory (RAM)
and the Performance of Computer System?”

Steps:

e From the objective of the problem, identify the two variables, which in this case
are “size of Random Access Memory (RAM)” and the “performance of Computer
system”.

e In order to proceed with our study, we are required to collect data, for which we
are require to have RAM of different sizes. Further, for the sake of simplicity, let
us restrict the study to the processor existing in the system. It is an exhaustive
exercise, in which we have to mount different RAM on the Motherboard slot
repeatedly, restart the system and monitor the system performance parameters.
Say, we record the Percent (%) variation in RAM size and the percent (%)
variation in the System performance in the Excel spread sheet.

e Since we are investigating the effect on System performance, the influence of
variation in RAM size, i.e., the % variation in RAM is the independent variable
and % variation in system performance is the dependent variable.

e Notice that the importance of identifying the two variables rests on the fact that

there are two different lines of regression viz., on and on . (see Chapter 8,
Book 3)

Now to calculate the correlation between the two continuous variables in excel,
tabulate the recorded observations into the excel worksheet. Excel enables us to
investigate the question stated above in three different ways, viz., through

1.Excel Formula 2. Standard formula - Correl(x,y)3. Data Analysis ToolPak

As an exercise you are required to observe the consistency of the results obtained
through all three methods. This will help you to identify the mistakes, which might
have occurred while writing your own formula.

In the screen shot given below you can identify that all three options leads to same
result.
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Figure 1

Now, let us explore each of the option to calculate the correlation coefficient( ) i.e.,
using own Excel Formula, Standard formula - correl(x,y) and Data Analysis ToolPak

1. Own Excel Formula: There are different forms of the formula to calculate
correlation coefficient ( ).Standard function described in excel i.e. correl(x,y)
uses the formula in the form

However, we will calculate the same using the form

in our excel implementation.

To implement it, tabulate the data as shown in the above screen shot and write the
formula (E14-12*A14*B14)/SQRT((C14-12*A14/2)*(D14-12*B14"2)) to
calculate correlation coefficient ( ). You might have learned the method of
formula writing in excel in earlier courses. Another form useful in computations is

2. Standard formula - correl(x,y) :
a. Tabulate the collected data in column A & B as shown in above screen shot

b. Select any cell in which you wish to have result of correlation coefficient ( )
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c. In that cell write CORREL(A2:A13,B2:B13), where A2:A13 and B2:B13 are Correlation and
the columns related to the tabulated/recorded data, i.e., the values of variables Regression
and

You can also use Excel Help by pressing function F1 key and type the function
or formula you want to understand. Say, press F1 and type correl in search
option you will get all related details of that formula. CORREL(X,Y) is the
Excel formula to calculate correlation coefficient . Here,

where & are average values of variable & respectively.

Using Data Analysis ToolPak : You may calculate the correlation coefficient ( )
by using the Data Analysis Toolpak utility of Excel, which provides a set the tools
necessary for statistical Data Analysis.

Steps to find Correlation coefficient ( ) using Data Analysis ToolPak:
a. Click the Data tab

el 2 — ~

Haome Insert Page Layout Formulas Data Reviaw e

b. Click the Data Analysis tab

B W
3 i . " T
c. Select correlation option and click OK
2]
Analysis Tools

Anowva: Single Fackor -

Anowva: Two-Fackor with Replication Cancel I

Anoya: Two-Factor withouk Replicakion

Covariance
Descripkive Statiskics

Exponential Smoothing

F-Test Two-Sample for Yariances

Fourier analysis

Hiskagram v|

d. Select the input range,

i.  Which in our case is Al to B13, relating to % variation in RAM and %
variation in system performance.

ii.  Choose the columns option as the data is tabulated in the columnar
manner.

iii.  Check the Option Labels in first row, as in Al and B1 we are having
headings for respective columns.

iv.  Finally, choose the cell location where you want to have the output result.

v. press OK
21
rInpuk
Input Range: ILI
Cancel I
Grouped By:
Help I

¥ Labels in First rowvs

—Oubput options
€ Sukpuk Range: [$a425 =
£ Mew Wwiorkshest Bl I

£ Mew Workbool:,
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e. Output:

rd () P~
=z 2% Change v

Change Sysremt
Size () [

o Change n RA

Size (X)) 1

%% Change In System | |

Parformance (¥) 0.96156| 1

[

Calculation of Correlation
Coefficient (r ) through Data
Analysis Tool Pak

NOTE : We will prefer to use Data Analysis Toolpak for other applications

subsequently and would like to put more emphasis on data interpretation.

Screen Shot of Final Outcome
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Figure 2
Remark on Data Interpretation

e  Which curve to fit?

» Between two continuous variables the relationship can be ascertained by first
plotting a scatter diagram.

» Then, simply looking at the trend of the resultant plot, it could be linear or
curvilinear.

» You are required to apply your understanding of our earlier sessions to plot
scatter diagram etc. in Excel.

to earlier
one

Sudhans
h:Sirl
made
the
desired
correcti
ons hope
its OK
Now




Correlation and
e Why ? Regression

» If the resulting scatter diagram exhibits a linear relationship between and ,
the extent can be quantified using correlation coefficient ( ),which “measures
the extent of linearity” present in the data.

» Value of always lies between and

» Closer the value of towards , the stronger is the linear relationship
between the variables.

» You can verify in the subsequent section on simple linear regression that

depending on the value of being or , the slope of the line of
regression will also be or-  respectively. In other words, when is
or an increase in the value of “independent variable ( )” will result

in an increase or decrease in the value of the “dependent variable ( )”.

e If the relationship is found to be significantly strong, the line of “best fit
”passing through the bi-variate data can be obtained and it is discussed in
section 2.4.

& Check your progress 1

Try this: Analyze the screen shot and use the data interpretation tips given above, to
answer following questions:

a) Study the scatter diagram only, what can we conclude about the data?

b) Analyze the correlation coefficient ( ) and comment on the relationship between
RAM size variation and System performance.

c) Can we use the collected data for the purpose of forecasting?

2.3 MULTIPLE CORRELATION

In this section we extend our discussion to the case of coefficient of multiple
correlation, which measures the extent to which a dependent variable can be predicted
using the linear function of a set of independent variables. TTO explain the concept let
us take another example from the IT sector, companies generally have a monitoring
index called the technical index(TECH INDEX).The monitoring of this index goes on
monthly basis, and the indexing is performed to identify growth of an independent
company with respect to the industry requirements. The data related to the variation
between industry parameter called TECH INDEX and the monthly rate of return is
gathered for few companies viz. Google, Yahoo, Microsoft, Apple; the same is to be

analyzed.‘ Since variation of multiple companies in coordination with one parameter is Comment [AU2]:
to be analyzed, we take recourse to the concept of Multiple Correlation which you Please Check this text is OK in terms of context.

. . . . . The word synchronization is NOT clear to me
studied in BCS 040 Block 3. Denoting the companies by and industry
index by , a multiple regression model that describes this relationship can be put in Sudhansh : Thanks for your valuable comments.
the form I'm,ade the correction, hope the same is

acceptable now

You are required to perform the following:
1. Plot the graph for all collected data.

This will help you to visually identify the variation in variable synchronization.
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Statistical Methods 2. Run Correlation analysis on all the variables simultaneously.

Lab Given below is the data on various IT sector companies stated above:
MONTHLY RATE OF RETURNS FOR IT SECTOR COMPANIES
COMPANY
DATE TECH INDEX | GOOGLE YAHOO MICROSOFT APPLE
1-Apr-11 0.8799 0.7541 2.1407 -4.6296 -18.8406
1-May-11 7.5187 14.9701 -2.5948 18.986 6.6964
[-Jun-11 5.558 11.9792 7.7869 -1.7226 -3.3473
1-Jul-11 1.3716 7.907 -8.5551 -0.5535 5.8442
1-Aug-11 -1.6289 -5.1724 1.2474 6.679 1.9427
1-Sep-11 2.4171 3.4091 0.8214 1.8261 2.1063

As the first step of analysis, we are interested in visualizing the data graphically and to
this end obtaining a scatter plot is simple as well as most appropriate. Notice that in
the case of multiple correlation & regression with only two independent variables,
scatter diagram can be plotted in the three dimensions. Thus, for the sake of
completeness, we can generate a plot with date along the -axis and the series values
along the same -axis to get an insight into the given data. (see Output Screen Shot
given below)

Steps for Multiple Correlation using Data Analysis ToolPak
1. Click the Data tab

= el =~ =
am
hoeme thsere Faoe Layout Formutas Data Feeariens i

2. Click the Data Analysis tab

o W

L]

3. Select correlation option and click OK

Data Analysis ?I Xl
analysis Toals
Anova; Single Fackor -
Anova: Two-Factor With Replication Cancel |
Ancva: Two-Factor Without Replication
Covariance Help |

Descripkive Statistics

Exponential Smoothing

F-Test Two-Sample For Yariances

Fourier Analysis

Histogram il |

4. Select the input range,

a.  Which in our case is $B$3:$F$9, related to TECH Index and Companies data
understudy.

b. Choose the columns option as the data is tabulated in the columnar manner.

c. Check the Option Labels in first row, as from B3 to F3 we are heaving
headings for respective columns.

d. Finally, opt for the cell location where you want to have the output result

e. press OK
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DATA INTERPRETATION
TECH INDEX GOOGLE YAHOO MICROSOFT  APPLE
TECH INDEX 1
GOOGLE 0.938661647 1
YAHOO 0.128558379 -0.098932814 1
MICROSOFT  0.470349107 0.350437967 -0.2637109 1
APPLE 0.255052662 0.342337358 -0.5014902  0.627513676 1

The table shown above contains correlation coefficients discussed in the previous
section, computed between pairs of variables for the data under study. Notice that it is
in the form of a matrix, which is known as matrix of correlation coefficients and it is
symmetric about the diagonal (why?). Clearly the elements along the diagonal are
correlation coefficients computed between values of a variable with itself, which is
unity (refer to section 2.2 and state why?).Further, our study requires us to analyze the
relation between industry parameter TECH INDEX and Monthly rate of return of
various companies. Clearly,

1. There is high correlation (0.938661647) between Google’s monthly rate of return
data and the industry TECH INDEX, which is on the expected lines.

2. Similarly, for the Microsoft’s monthly rate of return data the correlation
coefficient i50.470349107 and it is reasonably high.

3. In contrast to these,the respective correlation coefficients in the case of Yahoo and
Apple are [IER5E8879 and PBBB0BE662 rcspectively, which is low.

Thus, we learned how to interpret the results obtained by using the correlation
coefficient in Data analysis ToolPak. However, we will subsequently in section 2.4.2
learn how to compute the value of multiple correlation coefficient (denoted by ) and
to this end we will extend your knowledge of section 9.3/Unit 9.

Correlation and
Regression
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24 REGRESSION

In section 2.2 above you learned about correlation and the related excel tools and now
we extend our discussion towards regression. Regression analysis enables us in
estimation and forecasting of the value of dependent variable for given value(s) of the
independent variable(s) and is extensively used in various disciplines. Clearly, while
in simple linear regression there is a single independent variable; in multiple
regression there are more than one independent variable. In other words, the former is
confined to the study of two variables only; the latter is concerned with the study of
more than two variables. Further, in case of simple regression if the relationship
between the dependent and independent variables follow a straight line pattern, it is
called linear regression. On the other hand, if the relation is expressed in the form of a
curve it is called curvilinear regression.

Task: Discuss with other students or counselors

e Example of curves.

e Example of curves that can be transformed into linear form (called tractable linear
form). What about ?

e Example of curves that cannot be transformed into linear form (called non-
tractable form). What about ?

e Importance of scatter diagram in deciding a specific curve.

We will restrict our discussion to the simple linear regression and later extend it to the
case of Multiple regression. The general problem of finding the equation that fits a
given data set is called curve fitting.

Before starting with the practical problem solving through excel, we present below a
discussion on regression.

2.4.1 Linear Regression

Here we are going to study the case of two variables & . Thus,there are two lines of
regression viz., on and on . The regressionline on gives the most probable
values of for a given value of and the regression line on gives the most
probable values of  for a given value of . However, when there is a perfect
correlation between & i.e., , the two regression lines on and on
coincides i.e. we will have one regression line(see chapter 8, Book 3). Otherwise,
there are two lines of regression which coincide at ().

The regression line on is given by

which simplifies to,

Similarly, the regression line on is given by

which simplifies to,

Where,
. and are arithmetic mean and standard deviation of variables and
respectively,
. —is the regression coefficient of on ,
. —is the regression coefficient of on ,

° is correlation coefficient.



Note: Correlation and
Regression

1. The two equations above can re-written in a simple way in terms of standardized
values in the form given below:

— —and— -_—.

2. The two forms written above are the least-squares lines of regressions of on

and on .
3. You may recall the equation of a straight line and compare the
parameters with the least-squares line of regressions given above to get
and
4. . (you may refer to chapter 8, Book 3 for details)

5. We recommend you to apply the skill you developed in earlier sessions and
perform calculations by writing your own formula for correlation and regression.

However, we exhibit the utilization of Excel Data Analysis ToolPak utility, in our
subsequent section on multiple regression.
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Figure 3

Remark on Data Interpretation:

1. Correlation coefficient ( )
From the above screen shot one can observe that the value of correlation
coefficient (r) is quite high, thus we may conclude that the X and Y are directly
proportional

2. Regression coefficients  and
implies that with unit increase in , the value of increases by
times. Similarly implies that with unit increase in , the value of
increases by times

41



Statistical Methods
Lab

42

& Check your progress 2

Try this: Analyze the screen shot & use the data interpretation tips given above, to

attempt following questions:

a) Comment on the interdependence of RAM size variation and System

performance.

b) With an unit increase in RAM size, how much you expect the system performance

to improve?

c) For unit improvement in system performance how much RAM size is expected to

be altered?

d) Can you forecast the system performance, if change in RAM size is 25%?

2.4.2 Multiple Regression

Did you complete the sections 2.3 and 2.4.1 before starting with this section? It is
advised that you should complete these sections prior to starting with multiple
regression analysis. You may ask why? There as on being it will enable you to
identify the continuity and extensions in the topics you are working on. As in the case
of TECH INDEX parameter you studied in section 1.2.1 above, we firstly identified
the companies which influence [ (or contributes to)khe composite industry index. Thus,

we ought to include variables that can explain the variation in the composite industry
index, viz. GOOGLE & MICROSOFT and not YAHOO & APPLE. Data on the first
two companies considered for multiple regression analysis are listed below:

COMPANY
TECH
DATE INDEX GOOGLE MICROSOFT
1-Apr-11 0.8799 0.7541 -4.6296
1-May-11 7.5187 14.9701 18.986
1-Jun-11 5.558 11.9792 -1.7226
1-Jul-11 1.3716 7.907 -0.5535
1-Aug-11 -1.6289 -5.1724 6.679
1-Sep-11 24171 3.4091 1.8261
Screen shot is as follows
= 4"
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Now let us use the tool i.e., Data Analysis ToolPak’s Regression facility to perform

multiple regression analysis:

Steps for Multiple Regression using Data Analysis Tool Pak:

1. Click

2. Click

the Data tab

bl =3 - =
m— Haome Insert Page Layout Formulas
the Data Analysis tab
T
L4 i - =l | L ="

3. Select Regression option and click OK

Analysis Tools

Exponential Srookhing Al
F-Test Two-Sample For YWariances
Fourier analysis

Histogram

Mowving Awverage

FPandom Mumber Generation
Rank and Fercentils

Sampling
E-Test: Paired Two Sample For Means "I

Correlation and
Regression

Data Review Viewr

-l d |

Cancel |
Help I

4. Select the respective data range,

a.

Which in our case is $B$3:$B$9 as Input Y- Range, related to TECH
Index and $C$3:$D$9 as Input X-Range, related to shortlisted Companies

viz. Google and Microsoft.

Choose the Output range, we opted for cell location $A$11

Check the Option Labels and confidence level at which we wish to fix

and this in our case is 95%.

Finally, opt for the cell location where you want to have the output result

Press OK.

Regression

- - |

ik I
—ancel I

Help I

—Input
Input ¥ Range: [$e4=: 5642 =1
Inpukt X Range: [+cs= 5052 =
I~ Labels I constant is Zero
I~ Confidence Level: IQS e

—OLEpUE GREions
& output Range: [+as111 =1

£ mewvs workshest Bly: |
£ Mews Wworkbook

esiduals
I Residuals
I standardized Residuals

I Residual Ploks
I Line Fit Ploks

armal Probability
I rormal Probability Ploks |
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The Data Analysis ToolPak, gave exhaustive summary for the Data, out of which we
will focus on the Regression statistics and subsequent sessions we will extend our
discussion to ANOVA.

Interpretation of Results

1. Following is the summary output obtained using Data analysis ToolPak, which we
seek to interpret.

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.950726494
R Square 0.903880867
Adjusted R Square 0.839801446
Standard Error 1.330891938
Observations 6

2. The Multiple is the multiple correlation coefficient and it measures the strength
of the association. The range of Multiple R is -1 to +1, which in the present case
yields to the value .This implies that the dependent variable
which in our case is TECH INDEX has a high positive correlation with the
combined effect of Google () and Microsoft ().

3. The Square value ( ) is the square of the multiple correlation coefficient . It
measures the strength of the regression prediction compared with predicting solely
by the response mean. Alternatively, the value of ,can also be
interpreted as that of the variation in can be explained by variables

& . It may further be noted the closer value of to 1, the stronger is the
regression prediction.
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4. Defining multiple correlation as ——which is in terms of sums of Correlation and
squares (SS)can be expressed as (for Regression
values see screen shot above).

5. Discuss with other students or counselors that in general, the value of — will
always increase when an additional regressor / independent variable is added (say
YAHOO).Details of which is beyond the scope of current content.

6. We present below the Regression coefficients from the screen shot along with
summary statistics.

Coefficients  Standard Error t Stat P-value
Intercept 0.251395602 0.711022732 0.353569008 0.747049498
GOOGLE 0.39330088  0.085205836 4.615891325 0.019133411
MICROSOFT 0.062953947 0.074635551 0.843484722 0.460900097

The column of coefficients contain the values of intercept ( ) and the regression
coefficients and  of the regression equation

which in the present case is

The value  givesus how much will changefor each unit change in ,and  is held
constant. Similarly for .To understand this, consider the regression equation

- - . Here since the coefficient of  is negative,
keeping  constant, an unit change in leads to a decrease in by 0.5403. Again,
since the value of regression coefficient is 13.4852, keeping  constant, an unit
change in  leads to an increase in by 13.4852.

Read section 9.4.2 of Unit 9
& Check your progress 3
1) Analyze the Multiple Regression Summary output of Two independent variable

&  and dependent variable given below, and determine what percentage of
variation in is explained by &

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.840726494
R Square 0.705680867
Adjusted R Square 0.639801446
Standard Error 1.330891938
Observations 5
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Statistical Methods 2) Consider the following multiple regression analysis results for two independent

Lab variable &  and dependent variable
Standard
Coefficients Error t Stat P-value
Intercept -5.51395602  0.711022732  0.353569008  0.747049498

-39.330088 0.085205836  4.615891325 0.019133411
6.2953947 0.074635551  0.843484722  0.460900097

Determine the Multiple Regression equation and explain how &  are related
to

2.5 SUMMARY

The practical sessions covered in this unit enabled you to enrich your understanding of
correlation and regression, which you gained in BCS 040, through practical
implementation using MS EXCEL Data Analysis ToolPak. It is important to
understand that mere usage of MS Excel or any other software will not serve the
purpose unless and until you possess an understanding of the subject. It worth noting
that regression analysis finds extensive application in a wide range of field of
research.

2.6 EXERCISES

Exercise 1:

Is there a relationship between moderate milk consumption and heart disease rate?
The table underneath provides data from 6 developed countries from various cultures.

Country A B C D E F
Liters of milk 25 |24 |8 79 |18 | 65
per year per capita (x)

Deaths from hearth disease 211 | 191 | 297 | 107 | 167 | 86
per 100,000 people per year (y)

Exercise 2:

The data in the table below show the percent of people who purchase their music from
the internet (with 1997 corresponding to t = 0). Calculate the equation of the
regression line and predict what percent of people will purchase their music from the
internet in 2007 if this model is correct.

Year 0 1 2 3 4 5
Percent |03 |1.1]24(32|29|34
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Correlation and

1 .7 SOLUTIONS Regression

Check Your Progress-1

Q1
a) Scatter plot shows that data is highly positively correlated. Recall that the
value [is approximately close to 0.9\ Comment [AU4]:
b) Since , thus variation in one variable directly affects the other. In },T;V:eljgtz fﬁ:g;;z? J:ﬁleviuzaete “or so”

other words, increase or decrease in RAM size will result in a corresponding
. . Sudhansh : text “or so ” deleted, however the
increase or decrease in system performance. value is close to 0.9 is just to give hint and not any

¢) Yes, we can use the collected data to construct a linear regression model and sultilkiin
hence use for the purpose of forecasting. This is justified from the high value
of correlation coefficient

Check Your Progress-2

Ql

a) Both factors are seen to be highly interdependent.

b) Unit increase in RAM size will lead to 0.69 times increase in systems
performance.

¢) Unit improvement in systems performance requires 0.54 times of alteration in
RAM

d) 25 times of RAM change will lead to improve system performance by 0.69 X
25 times

Check Your Progress-3

Ql
a. of variation in  is explained by &

b. -

Exercise 1:

The coefficient of correlation is given by

so that in our case we get

Exercise 2 :
Let us calculate the coefficient of correlation using the formula in Exercise 1:

Since there is high positive correlation between the variables, we calculate the
coefficients of the least squares regression line as below:

Slope and

Intercept - -

The equation of the least squares regression line thus becomes

We calculate the percentage of people that purchase their music on the internet in the

year 2007 by substituting into the least squares regression
line. We get
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SECTION 3 ANALYSIS OF VARIANCE

Structure Page Nos.
3.0 Introduction 48
3.1 Objectives 48
3.2  ANOVA Test 49
3.2.1 One-Way Classification 49
3.2.2 Two-Way Classification 53
3.3 Summary 56
3.4 Exercises 56
3.4 Solutions/Answers 56

3.0 INTRODUCTION

By now you must have become familiar with hypothesis testing based on test

statistic -test, -test and F-test in the earlier sessions. (Please refer to Section 2,
Book 3 or BCS 040 for details). Recall that you learned to test the significance of
differences between two sample means earlier. In addition to this, there are situations
in which we are interested in testing the significance of difference among two or more
means or equivalently equality of more than two means.

For example, an industrial manufacturing unit may be interested in testing the quality
of wielding done by workers who works in three different shifts viz., morning,
evening and night. In order to assess the quality of welding carried out by these
workers, data is collected by floor managers using an advanced imaging technique.
The goal is to test for difference in the average welding quality standards. In other
words, seek an answer to the query: Is there a significant difference in the average
welding quality of the workers who works in the three shifts? Notice that whereas
using -test, equality of only two means at a time can be carried out, ANOVA tests the
hypothesis concerning differences between two or more means. An advantage in using
ANOVA rather than multiple -tests is that it reduces the probability of error.
ANOVA is a technique that works by partitioning the total sums of squares into
components used in the model under consideration. It may further be noted that
ANOVA is “concerned not with analyzing the variances, but with analyzing the
variation in means.”It is recommended that you revise BCS 040 unit 8 prior to
starting with the sections below, as we choose to analyse data by exploring the excel
tool Data Analysis ToolPak.

3.1 OBJECTIVES

After going through this unit you will be able to:

e Bring out an appraisal of any physical problem

e Identify suitability of using ANOVA

e Use Data Analysis Toolpak for ANOVA, in particular
o  Perform One Way / Single Factor ANOVA Test
o  Perform Two Way / Two Factor ANOVA Test



Analysis of Variance

3.2 ANOVA

Analysis of variance is a technique due to Sir Ronald Fisher which can address
questions such as the one mentioned in the example above. It makes use of
the  statistic you learned earlier.

3.2.1 One-Way Classification

The one-way classified data obtained in an experiment has the following layout with
unequal number of observations in each treatment:

Treatment 1

Treatment 2

Treatment k

Recall the linear mathematical model for ANOVA you studied in section 8.3, Unit 8
in the form

s and
and the hypothesis to be tested is

Assumptions:
e Errors ()are identically and independently distributed with mean and
variance  (Homoscedastic).
e Errors () have normal distribution.

Application CASE STUDY

FACTORS INFLUENCING SALES OF STREAMERS

Consider a company is producing Streamers and it is in the process of developing its
dealer-distributor network. In order to accomplish the same, they recruited four
dealers, having fixed shops in four different parts of a town. The amount of units sold
by the dealers is tabulated below:

DEALER SALES RECORD
DAY 1 DAY 2 DAY 3 | DAY4 | DAYS5 | DAY 6
DEALER -1 22 46 62 43 36
DEALER -2 25 35 42 55
DEALER -3 22 44 66 33 13 50
DEALER -4 25 34 40 28 40

e Based on the tabulated data, the company desires to investigate, is there any
significant differences in the average number of streamers sold by the dealers.

e Some of the dealers are making efforts to promote their sales. Thus\ to promote the
sales of the streamers, one of the dealer has appointed four salesmen. These
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salesmen are guided to visit five localities of the same town randomly in a month

and sell the product, whose day wise details are tabulated below.

e The locality wise sales record of each salesman is tabulated below:

DEALER -1 : LOCALITYWISE SALES RECORD OF SALESMEN

LOCALITY 1 LOCALITY 2 LOCALITY 3 LOCALITY 4 LOCALITY 5
SALESMAN-1 22 33 9 31 18
SALESMAN-2 13 23 13 11 8
SALESMAN-3 7 15 4 24 15
SALESMAN-4 31 44 13 31 23

As a study, the dealer wants to test whether the salesmen differ in their ability of
salesmanship and he wants to test that whether the locality has any influence on the

sales of streamers.

ANALYSIS

Based on the case study, following objectives are identified with respect to the

company and the dealer.

Company Objective

In order to test “whether the average numbers of streamers sold by the dealers differ

significantly or not”, we consider the model as below.

, and dealers

Where the additive model has

termed as the additional effect of the th

s

treatment and the hypothesis to be tested is , or equivalently

. Now, we demonstrate how to use the excel tool to perform a test of this
hypothesis.
Steps:

1. Tabulate the DEALER SALES RECORD as given above in Excel Spreadsheet

screen shot below.

2. Click DATA TAB — DATA ANALYSIS — ANOVA: Single Factor — OK

“For activation and usage of Data Analysis Toolpak, refer to the earlier unit of
Correlation and Regression - The snap shots are readily available there”

However we are giving some of the relevant screenshots here

21|

& N

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

-+ r

Anowva: Two-Fackor With Replication “ancel I
Anowva: Two-Factor \Without Replication
Correlation
Covariance Help I

Descripbive Skatisktics
Exponential Smoothing

F-Test Two-Sample For Wariances
Fourier aAnalysis

Histogram vI

Commer

Please
see if
clarity
has been
achieved,
as
desired
in the
CASE
STUDY.

Sudhans
h:

Sir
thanks
for your
valuable
commen
t1
redrafte
d the
text,
hope the
same is

now OK




=T = = Analysis of Variance

— Home Insart Page Layout Formulas Data Reviaw wiEw

Get External Data Connections Sort S Filt

- =

B = D E F [€ H
DEALER SALES RECORD |
DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY & 1
55 T ] 3 3 H
=5 <z 55
z=2 £8 33 73 S0
_______ B s B b @Bl v B v I esissnsisian sy
= inale Factor = =<l
1; Input Range:
1= Grouped By:
e Help |
15 I~ Labels in first column
15 alpha: [o.0s
1= oubkput options
19 =
T = o R ange: = ==
21 £ Mews Workshest Bl I
== T e Workbook
23
24

Notice from the screen shot above that while selecting the cells only row labels are
included (columns excluded). This is because incase of one way classification, the
data is required to be classified by only one factor viz., the Dealers in the present case.
Data on the sales volume of different dealers is recorded row wise, where the dealer
names are entered in first column. Thus, we check the option “Levels in First
Column”. Further, the level of significance Alpha for the test is by default set at

or , which can be alteredto  or etc. as per requirement. We have to
identify the output cell address where the results are desired to be placed, which is
chosen as . Following is the result of the procedure discussed above.

Anova: Single

Factor

SUMMARY

Groups Count Sum Average  Variance

DEALER -1 5 209 41.8 213.2

DEALER -2 4 157 39.25 158.9167

DEALER -3 6 228 38 374

DEALER -4 5 167 33.4 46.8

ANOVA

Variation \ \ P-value  F crit
Between roups 184.2 3 61.4 0.29007 0.831921 3.238872
Within Gfoups 3386.75 211.671

Total 3570.95

Tz tmmboEsls — 1 S S, = E Feine
I Error ™ — k S55a MME -Cl:.-.&l_-
Toeal, P — 1 _-i_'li-i = =

Now refer to Table 3 given at page 12 of BCS 040 Block 3 unit 8 i.e. ANOVA for a
comparison of the results. Notice the forms of the tables marked with corresponding
column heading shown above.

“F crit” in the Excel output is the critical value of - distribution at the stated level of
significance, which can be obtained from the table. -Value for the calculated value of
- statistic is also generated in the Excel output.
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A test of the hypothesis, in the present case, can be carried out based on either of the

following two approaches (see chapter 7, Book 3).

e Calculated value of - statistic
Based Calculated value of - statistic the rule of Thumb is “if the
calculated value of -statistic is less than the critical value of i.e. critat
the desired level of significance, do not reject the null hypothesis, else reject
the null hypothesis”

e -Value
Based on -Value the thumb rule is “if’ -Value is less than the desired
level of significance,reject the null hypothesis, else do not reject the null
hypothesis”

& Check your progress 1

Analyze the summary statistics of the ANOVA: Single Factor table given above and
Answer the following:

1) What is the level of significance at which ANOVA test is performed?

2) What is the critical value of ? Explain by looking up a table of -distribution
given in Appendix, Table 1 of Unit 11.

3) Compare the value of statistic with the critical value of . Use the corresponding
thumb rule and comment on the Null Hypothesis constructed to study the
company objective i.e., to test “whether there is significant difference between the
average number of streamers sold by the dealers.”

4) Use the thumb rule for P Value and comment on the Acceptance or Non
Acceptance of Null Hypothesis laid for the study of company objective.
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3.2.2 Two-way Classification

The two-way classified data obtained in an experiment has the following layout with
one observation in each treatment:

Block Block ven Block

Treatment 1

Treatment 2

Treatment k

The linear mathematical model for ANOVA in this case is of the form
R and

and the hypothesis to be tested are (i)For Treatments s and
(ii)For Blocks , . Here, is the grand mean, is the
treatment effect and  is the block effect.

Now, let us extend our discussion for Two-way or Two factor ANOVA test. Based on
case analysis, the company has single objective to study and dealer has two, which are
to be tested simultaneously. Thus, two factor ANOVA test is desired to be performed
for Dealers.

Dealer Objective
1. To Test “whether the salesmen differ in their ability of salesmanship”
2. To Test “whether the locality has any influence on the sales of streamers.”

From the objectives, we identified, that to apply the ANOVA test we need to establish
Two Null hypothesis, and , which are to be tested simultaneously. For ,let
be the grand mean, be that part of  due to the i" salesman and for , let be
that part of  due to thej™ locality. Thus, the Null Hypothesis to be tested are

and
Now, we will learn how we use excel to perform testing for these hypothesis.
Data analysis through Excel
Perform Following Steps:

1. Tabulate the DEALER SALES RECORD as given above in Excel
Spreadsheet.

2. Click DATA TAB — DATA ANALYSIS — ANOVA : Single Factor —» OK

“For activation and usage of Data Analysis Toolpak, refer to the earlier unit of
Correlation and Regression - The snap shots are readily available there”

However we are giving some of the relevant screenshots here

Analysis of Variance
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Recall that concerned details about alpha, labels, output range are already discussed
in single factor ANOVA Test. We now proceed to analyze the results which you will
get when OK is clicked, and conclude whether to reject or accept the formulated

hypothesis.

Anova: Two-Factor Without Replication

SUMMARY Count  Sum _ Average Variance

SALESMAN-1 5 113 226 96.3

SALESMAN-2 5 68 13.6 31.8

SALESMAN-3 5 65 13 61.5

SALESMAN-4 5 142 284 130.8

LOCALITY 1 4 73 18.25 110.25

LOCALITY 2 4 115 2875 157.5833333

LOCALITY 3 4 39 9.75 18.25

LOCALITY 4 4 97 24.25 88.91666667

LOCALITY 5 4 64 16 39.33333333

ANOVA

Source of Variation SS df MS F P-value F crit
Rows 8292 3 276.4 8.015466409 0.003373221  3.490295
Columns 8678 4 216.95 6.291445143  0.005736052  3.259167
Error 4138 12 34.48333333

Total 2110.8 19
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Note: Analysis of Variance

e F Crit, is the critical value of -distribution at respective level of
significance, which you can get from the table mentioned earlier (Appendix,
Unit 11). In addition, -value is generated by Excel for additional data
interpretation.

e Notice that the column headings of the ANOVA table are same as earlier, but
for the additional row for the columns, which in the present case is for the
Localities.

e We can interpret the result based on value of or the -value as stated earlier
for both the hypotheses.

& Check your progress 2

Analyze the summary statistics of the Anova: Two-Factor Without Replication table
given above and Answer the following:

1) At what level of significance at which ANOVA test is performed?

2) What is the critical value of Factor F?

3) Compare the F value with the Critical value of F. Use the thumb rule for F Value
and comment on the Acceptance or Rejection of Null Hypothesis Hy,; laid for the
study of dealer objective i.e. to Test “whether the salesmen differ in their ability
of salesmanship.”

4) Compare the F value with the Critical value of F. Use the thumb rule for F Value
and comment on the Acceptance or Rejection of Null Hypothesis Hy,laid for the
study of dealer objective i.e. to Test “whether the locality has any influence on the
sales of streamers.”

5) Use the thumb rule for -Value and comment on the Acceptance or Rejection of
Null Hypothesis laid for the study of dealer objective.
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3.3 SUMMARY

The practical sessions covered in this unit enabled you to utilize the facility of Data
Analysis ToolPak for ANOVA test. Further, it also enriched your understanding by
correlating the concepts you studied in BCS 040 with the practical implementation
through MS EXCEL. It is important to understand that mere usage of MS Excel or
any other software will enable the user to get the standard results/tables etc. without
getting into actual act of formula writing, which will require complete knowledge of
the mathematical expressions required for computing. The interpretation of results
generated through any such software is the sole tasks of the user, for which a complete
appraisal of the problem is necessary and hence unavoidable. It has been our effort in
this unit (and earlier) to explain the concept of data analysis through suitable example,
computation and hence interpretation, which by no means is the end. The journey of
data analysis and interpretation is yet to begin under this background.

3.4 EXERCISES

Exercise 1

One important factor in selecting software for word processing and database
management systems is the time required to learn how to use a particular system. In
order to evaluate three database management systems, a firm devised a test to see how
many training hours were needed for five of its word processing operators to become
proficient in each of the three systems.

System A 16 19 14 13 18 hours
System B 16 17 13 12 17 hours
System C 24 22 19 18 22  hours

Using a 5% significance level, investigate if there are any differences between the
training time needed for the three systems?

Perform the analysis using EXCEL concepts you learned in this course

3.5 SOLUTIONS

Check Your Progress -1

1) Alpha ie., , so level of confidence is

2) Critical value of Factor(Fcrit)

3) Because and .Since , we do not reject
the NULL Hypothesis.

4) , which is more than the desired significance level, so we do not

reject the null hypothesis

Check Your Progress -2

1) Alpha ie., ,thuslevel of confidence

2) Critical value of (Fcrit) and respectively

3) ; ; Since , we Reject the Null Hypothesis
4) ; ; Since , we Reject the Null Hypothesis

5) Since value greater than Alpha, we Reject the Null Hypothesis

Commer
I have
NOT
checked
the

results
through
actual
computat
ions.

Sudhans
h : the
results
are
displaye
d after
proper
calculati
on




Exercise 1

Here (k = 3 systems, N = 15 values)

Source S.S. d.f. M.S.S. F
Between 103.3 3-1=2 103.3/2=51.65 51.65/6.00 = 8.61
systems

Errors 72.0 14-2=12 72.0/12 = 6.00

Total 175.3 15-1=14

Hy: pa = =Uc H;: At least two of the means are different.

Critical value: F s (2,12) = 3.89 (Deg. of free. from 'between systems' and

‘errors'.)

Test statistic: 8.61

Conclusion: T.S.> C.V. so reject Hy. There is a difference between the mean
learning times for at least two of the three database management systems.

Analysis of Variance
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SECTION 4 TME SERIES ANAYSIS AND
CONTROL CHARTS

Structure Page Nos.
4.0 Introduction 58
4.1 Objective 58
4.2 Time Series and Forecasting 58
4.3  Control Charts 64
4.4 Summary 66
4.5  Further Readings 67

4.0 INTRODUCTION

In the previous section, you were introduced to regression analysis, where it was
desired to fit a linear (in case of linear regression) or a curve between the dependent
and the independent variables. A typical decision making through use of regression
analysis may involve plan for future growth of infrastructure of a city based on the
growth pattern in population. Thus, prediction primarily focuses on estimating a
future value based on the presented study data.

This section introduces the concept of Time series, which you learned in
BCS040/Block 3, and how they can be used for forecasting. The Unit begins with an
introduction to time series and then shows how you can use a worksheet to forecast
using time series data.

Further, the unit introduces the control charts that are used in determining the
statistical quality control. You must go through the following two units of
BCS040/Block 3 before performing various tasks/steps/activities listed in this section.

Unit 10: Forecasting and Time Series Analysis

Unit 11: Statistical Quality Control

4.1 OBJECTIVES

After performing the activities of this section, you should be able to:

define time series data

use a spreadsheet to create time series data

use spreadsheet to fit the linear trends using the method of least squares
use spreadsheet for forecasting models

4.2 TIME SERIES AND FORCASTING

In many situations data may be collected over a period of time. This time period may
be on days, for example, for shopping analysis you may be interested in recording
sales on Mondays, Tuesdays, etc.; a week when you want to plan weekly, a month, a
year and so on. Such periodic data is called times series data. Block 3/Unit10/ Page44/
Table 3 which is reproduced in the Figure 1 shows the time series data of crop yields.
This data is recorded for a time period of a year over 41 years. This data was collected



by Government of AP for studying the changes in the cropping pattern. Such data may
be used for first predicting a trend. In this example, it is expected to predict the future
economic needs of the Agricultural sector.
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Figure 1: Long Term Trends for Crop yield

The figure shows the crop yield data and the long term trend for two crops Rice and
Sugarcane over a period of 41 years. The Figure also shows the trend line of the two
crop yields. To draw the graph we have selected a linear Scatter plot. In the Select
Data... option you can name the Series viz. “Rice” and “Sugarcane. For checking the
details of series in a spreadsheet package, right click on the chart, and select Select
Data... option. You will see the following window:

Select Data Source lM
Chart data range: | =Figure1!sBs4:S6544,Figure 1! SE54: sF 544 "B_'ﬁj|
= | ﬂsmmﬁ Row/Column |
Legend Entries {Series) Horizontal (Category) Axis Labels
| 3 add H = Edit H 5 Remove | @ =
Rice 1855 *:
Sugarcans 1956 |
1957
1953
1959 =
| Hidden and Empty Cells | i oK | | Cancel |
b = = —

You may edit any series, for example, if you select Rice Data Series and click on Edit
Button, you will see the following Range for the series:

Time Series Analysis
and Control Charts

59



Statistical Methods
Lab

60

Edit S |9 [t

Series name:

—Sheet115CS3 || = Rice

Series X values:

=Figure 1/ SB5% 56544 |@ = 1955, 1956, 19...

Series ¥ values:

—Figure 1! SE54: SES44 |@ = 1137, 1163, 11...
| oK | | Cancel |

= F

.

Thus, you can modify the series as per your requirements. Now select any series on
the chart and press right mouse button, the following Menu will be displayed:

120000
10000
BOOD
Befeie
P —i—Rlon S Resst o gl Syie
-a-Sugarcana vt gt et o Ty
—]inear [RioE} = Sspit Dain
4000 | ==lLinear |Sugarc

— linlﬂiﬁuﬂm ik ks Lok el

2000 At Tienaine H.‘,-‘_-..A.-ﬂ-""
#.“-—-J-—-EE ' Eornst Diln S
o
1950 1935 1880 1585 18Y0 1875 1980 158% 1990 1995 20K

Using this Menu, you can change series or chart type, select data, add data labels and
format data series. You may explore these options on your own. One option which
requires a mention due to its usefulness here is Add Trendline... On selecting this
option you will get the following Menu:

Format Trendline |M
[ rendine options | | Trendiine Options
Line Colar Trend/Regression Type
Line Style s 1 Exponential
Shadaw Please note that for Figure 1,

PGyt you can select Trendline
option as Linear. You can

Logarithmic
_ _ also change the Line Color
+ Polynomial Order: |2 = . . .
= and Line Style using options
“ Pouer | shown after arrow.
Moving Average Pariod: |2 : Figure 1(a): Trendline
Options
Trendline Name
@ Automatic : Linear {Sugarcane) :
Customn: |
Forecast |
Forward: (0.0 periods |
Backward: _D.EI | periods
7] setintercept = (0.0

[~ pisplay Equation on chart

"] Display R-squared value on chart

| (_:_Iose




Now observe the data series in Figure 1. There are fluctuations in the time series data. Time Series Analysis
You can attribute these fluctuations on various factors that may include availability and Control Charts
and quality of fertilizer, weather conditions etc. You may refer to page 44/Unit 10 for

a complete discussion. We briefly present below the following:

Long term trends: From the Figure 1, the long term trend that can be drawn is that
average the yield of Rice crop per hectare has increased. On the other hand the yield
of Sugarcane per hectare has steadily dropped. These trends can be further analysed to
ascertain the reasons of such the declining trends.

Another long term trend about rainfall is shown in Figure 2. You can see that average
rainfall over the period of 41 years is almost unchanged.
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Figure 2: Trendline for Average Rainfall

Seasonal Variations: As a task, to start with, create the data for the seasonal variations
given in the BCS040: Block 3/Unit 10/Page 46 and plot the time series in two possible
ways. (i) Plot the figure akin to Fig.5/Unit 10 for all the six years, instead of three
shown, with only four quarters along the x-axis. (ii) Plot the time series with years
along the x-axis, showing quarters within each of the years. Note the variations that
you observe in the curve drawn by the spreadsheet. Discuss with other students or
counselors the “relevance” of seasonal variation in data besides commonly
encountered examples in real life.

Cyclic variations: Using the data on Sugarcane Area the cyclic variations are plotted
in Figure 3 using spreadsheet package. You can observe the cyclic pattern in the plot.
Did you understand the distinction between “a season” and “a cycle”, which is
discussed in section 10.3.3/page 48/Unit 10? Discuss the key points from there with
other students or counselors.
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Figure 3: Cyclic variations

Forecasting Models: Please go through various forecasting models from Section
10.4/page 49/MCS040/Block3/Unit 10, viz., additive and multiplicative models. You
may observe that Trendline actually is a forecasting curve line. In Figure 1 and Figure
2, you have used a linear fit. You can revise from Unit 9 or MCS040/Block3/Unit
10.5.1 the method of least squares method. Further, you can select the method of
moving averages (MCS040/Block3/Unit 10.5.2) by simply selecting the Trendline
Options as shown in Figure 1(a) or you can fit the Polynomial of second degree using
least square method, by simple selecting Polynomial Options and keeping the order as

2 (see Figure 4).
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Figure 4: The Polynomial Trendline of Order 2



You can also select the Moving Average Trendline option from the same window.
Another alternative approach for calculating moving averages is that you can use Data
2 Data Analysis 2 Moving Average option. On selection of this option you will be
presented the following Moving Average Window:

r

Moving Average IM

Input ——
Tt Raoge: $553:58537 3 [ o ]
[ 7] Labels in First Fow

Hel
Interval: 4 EfS
Qutput options
F

Output Range: sCs3 e

EW VWOTESNEET FIY

i

|| Chart Qutput [] standard Errors

Select the input range, interval and output range. If you want a chart of moving
averages then you can select Chart Output option box. Figure 5 shows moving
averages with various intervals using repeated application of this command.
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Figure 5: Finding Moving Averages

Thus, you can perform the long term trend analysis using spreadsheet packages.

&~ Lab Sessions 7

1) Develop all the spreadsheets as shown in various diagrams in these previous
sections.

2) Workout all the Examples given in the Unit 10 using spreadsheet
package.

3) Workout the Exercises of BCS040/Blockl2/Unit 10 using spreadsheet
wherever required, or generate sample data wherever possible using
spreadsheet functions of random number generation. Alternatively, look for
other examples from references with sample data.

Time Series Analysis
and Control Charts
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4.3 CONTROL CHARTS

This section discusses about the use of a spreadsheet package in constructing a control
chart. You should go through BCS-040 Block 3/ Unit 11 before going through this
section. Let us first revise some of the terms used in that Block.

Quality and Quality characteristics: The term Quality may be broadly be defined as
conformance of a product to certain standards. Quality depends on certain
characteristics related to the product. When you design a product certain
specifications or levels of tolerances are established on all important quality
characteristics of the product. These characteristics are called the quality For example,
in case of a ball pen, the specifications on refill length may be that it should lie
between 9.90 crns and 10.10 crns.

Controlling a Process: The control operations of a process has to be such that the
quality characteristics of output product are maintained at the desired levels.

Statistical Process Control: is a methodology that collects and analyses data on
quality characteristics periodically from the process, to take appropriate actions in
respect of quality monitoring of a process. Control charts are a most widely used
technique for Statistical Process Control.

Variations and Stable/unstable process: A certain amount of variation in quality
characteristics (for example, length of refill) is unavoidable despite stable conditions
(for example, same machine settings, almost identical material quality and experience
of operators). The small changes in quality characteristics may be attributed to small
conditional changes. These small causes are inevitable and are called chance causes.
The variation caused by such changes is called chance cause variation. However,
some major chances, such as change in the machine settings, major drop in the quality
of raw material etc., disturb the stable process. Such variations must be identified and
corrected. Since, you can attribute change to one or more particular reasons, they are
called assignable causes. Such causes may make a process unstable.

Control Chart Construction steps:

Collect sample periodically

Compute quality characteristics for the collected sample

Plot sample number ( -axis) vs quality characteristic ( -axis)

Check if the value of quality characteristics is between the upper and lower

control limits.

e In general, the quality characteristics follow normal distribution. Therefore, the
upper and lower limits may be determined by using “Three Sigma Limits” as:
lower limit and upper limit

e [f quality characteristics are a variable, then control in terms of both the mean and

the variability is sought.

Control chart can tell us when process has become unstable, but not that why did it
happen?

Problem 1: (Reference MCS040/Block 3/Unit 11/Page 83), Data for the length of
refills and control chart constants (only for sample size ( ) are shown in Figure 6.
This data is drawn from the Table 1 and Table 2 of the said Unit. You may now
estimate and from the refill length data and calculate the control limits for and
charts.



The said Unit shows the calculations that are performed with the help of spreadsheet Time Series Analysis

and shown in Figure 6. and Control Charts
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Figure 6: Calculation of n and o for refill length

For creating Figure 6, you can use your own formulas.

Steps
You first create the sample data.
The mean of the sample subgroup at a particular time is found in cell J3
using the formula and similarly
e the Range for this subgroup is calculated at cell K3 using the formula
. For

e On the basis of these mean and range values and is calculated in the
cell O5 using the formula =SUM(J3:J22)/04 and cell O6 using the
formula =SUM(K3:K22)/04 respectively.

e On the basis of these values and control chart constants CL, LCL and
UCL values are calculated for the and chart. Write the formula for
these calculations and compare the values with the values calculated in

the Unit.
Further,
e on the basis of these calculated values, you can create data as shown in
Figure 7.

This data is used to draw the control chart.

You may use Scatter Plot to draw the charts as shown in Figure 7.

You may keep the x-axis same for all the Ranges that are being plotted
as Y axis.
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Please note that in Figure 7, that the 12" point on the R-chart crosses the UCL line,
which is indicative of “process out of control” situation with respect to variability (as
this problem has been detected in R-chart). Consequently, we conclude that during
this time period the process may not be stable.
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Figure 7: Control Charts (x-chart and R-chart) for the refill length data

Now you should try the following lab session.

&~ Lab Sessions 8

1) Develop all the spreadsheets as shown in various diagrams in the previous section.

2) Perform all the examples given in the Unit 11 using spreadsheet package
including example given in section 11.3.5 on control charts for attributes.

3) Perform all Exercises of BCS040/Block3/Unit 11 that you can perform using
spreadsheet.

4) Write simple C functions to calculate various values required for drawing control
charts.

4.4 SUMMARY

This section is an attempt to provide you details on some of the elementary methods
of Unit 10 based on which you can perform time series analysis and forecasting using
the spreadsheet. Time series analysis help in performing analysis of data in terms of
the components and the models discussed in the said Unit 10. The example
demonstrated the use of spreadsheet package functions in evaluating trend.



This section also covered computational aspects relating to control charts in statistics Time Series Analysis
using spreadsheet package. The purpose of these charts is to determine if process is and Control Charts
under statistical control.

4.5 FURTHER READINGS

Books
1. BCS-040: Statistical Techniques, IGNOU Material.

Web link:

e  www.wikipedia.org
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SECTION 5 SAMPLING - CASE STUDY
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54 Summary 76
5.5 Exercises 76
5.6  Solutions/Answers 77

5.0 INTRODUCTION

In our previous sessions you learned about various tools, techniques and practices
required to perform the statistical analysis of data. In general, it is observed that the
outcome of such analysis (sample estimates)varies from the population values. A
common reason for this lies in the size of sample data collected. Thus, the question is
“How much data is sufficient?”” and the answer relates to sampling. Recall earlier
discussion on the population and the sample in Section 1.

It is impractical to study the entire population, so it is devised to study proportionate
part of the population, for reliable interpretation of the population behavior. Thus the
need of sampling techniques was identified. There are various methodologies devised
to perform sampling of identified population, we will try to put light on most of the
methodologies, which are relevant at your level of study. Further, you should keep
following facts in your mind, that sampling is simply not a formula but in practice it is
the Science combined with the Art of calculations and presentation.

You are advised to refer to Block 4 of BCS 040, and study the details about sampling
and its related techniques. However, we will discuss about its practical aspects and
how to attempt it as a practice, by using excel and its tools.

5.1 OBJECTIVES

After going through this unit you will be able to :

e Use Data Analysis Toolpak for Descriptive statistics of sampled data
e Use Descriptive statistics to calculate sample size through Excel
e Use Excel functions for Sampling

5.2 SAMPLING - SAMPLE SIZE

Since computer is a discipline, that facilitates the working of our day to day life, we
choose an example/Case from our daily life in this context and use it to interpret the
respective results. Through the case study we would like to emphasize that there are
situations when the basic assumptions made while computing the sample size by using
the formulas are not met in practice. At other times there are factors which are
influential in increasing or decreasing the sample size obtained through the use of
formula. It should be kept in mind that sample size determination is the blend of using
formulae, experience of similar studies, time and budget constraints and a few other
elements such as output or analysis requirements etc.

Through the case, we are going to concentrate on the utilization and implementation
of the sample size calculation formula for continuous or interval-scaled variables.



However, for other details you are advised to refer to Block 4 of BCS 040, and apply Sampling — Case Study

the skills learned in these practical sessions.

CASE DESCRIPTION :

* Asapilot project, a private company involved in hardware and maintenance
related activity, planned to launch its own brand of assembled computers. The
company identified a small colony having 12 families in all. Each of the
family is having members of different age group. For the sake of their brand
performance related study, they decided to issue one computer system to each
family as a single unit. They got the system installed with several applications
suitable for each age group viz., Computer Games, Movies, Application
Software’s, E-Books, Internet, Security related software. The company wants
to study the application usage pattern and the satisfaction level of the families,
so that they can customize their product accordingly. In order to monitor the
system usage time, they installed an automatic clock with the system, which
records the usage time. This will help them to analyze the questionnaire
feedback, which they wish to get filled, at the end of their study.

On the basis of an appraisal of the case cited above, you may identify the
objectives of the study to be as under:

o What is the customer satisfaction level?

o  Which software utility is performed exhaustively in most of the
families?

In view of these objectives, you are required to draft a Questionnaire, where the
responses to the questions are either direct or indirect, as desired. They can be
categorized into one among the following scales, viz.,

e Nominal
e Ordinal
*  Quantitative.

A sample questionnaire is given below, this will let you to understand the excel
operations, to be performed at the later stages

QUESTIONNAIRE

Family No.:
What is the Average System Ultilization time(minutes) ? :

15 30 45 60 75 90 105 120 135 150 165 180
What are the Activities Performed by your family while utilizing the system?
a) Computer Games, b) Internet, ¢) E-Books,
d) Application Software’s, e)Movies f) Security related software
What is the level of satisfaction, achieved by your family ?
-2 = Very dissatisfied, 1 = dissatisfied, 0 = indifference,
1 = satisfied, 2 = Very satisfied.
Would your family like to purchase the product?

Yes No
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Statistical Methods We got the questionnaire filled from respective families, finally we have the following
Lab data from the computer savvy families. The collected data is through following
variables

*  Family (Nominal scale)is the observation/serial number of the questionnaire.
In the present case, one questionnaire per household is filled by each family.

» Time (Quantitative scale)is a quantitative data type which is measured in
minutes. It is the software utilization time for a family.

*  System Utilization Activity (Nominal scale)is a nominal data type consisting
of 6 choices of activity in the park:

1. Computer Games,

2. Internet,

3. E-Books,

4. Application Software’s,
5. Movies

6. Security related software

To this question, there may be multiple choices that for each family, one
corresponding to each of the several activities they perform.

*  Product Satisfaction (Ordinal scale) It measures family satisfaction toward the
Product. It is measured in the ordinal scale with 5 values as options listed
below:

-2 = Very dissatisfied,
1 = dissatisfied,

0 = indifference,

1 = satisfied,

2 = Very satisfied.

*  Product Purchase (Nominal scale)is measured in the nominal scale (Yes or
No) regarding the final decision about purchase of the product.

Based on the responses to the questions framed in the questionnaire, collected data is
presented in the following table:

Raw Data
Family System System Product Product
Utilization | Utilization | Satisfaction | Purchase
Time Activity
1 30 1,2,3 0 N
2 30 4,6 Y
3 60 1,2 2 Y
4 45 5 -1 N
5 30 6 N
6 60 2 2 Y
7 30 4 1 N
8 45 3,4 -1 N
9 15 6 1 Y
10 60 2 2 Y
11 180 1,2,3,4 2 Y
12 120 1,2,4 2 Y
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Raw data presented in the table above is coded into the following form, which is
amenable for further statistical analysis using spreadsheet software.

Raw Data coded for analysis in Formatted Excel Sheet

System
Utilization
Activity
Family | System 1|23 |45 6 |Product Product
Utilization Satisfaction | Purchase
Time
1 30 1 1 1 01]0 0 0 0
2 30 0 0 0 1 0 1 1 1
3 60 1 1 0 01]0 0 2 1
4 45 0 0 0 0 1 0 -1 0
5 30 0 0 0 01]0 1 1 0
6 60 0 1 0 01]0 0 2 1
7 30 0 0 0 1 0 0 1 0
8 45 0 0 1 1 0 0 -1 0
9 15 0 0 0 0|0 1 1 1
10 60 0 1 0 01]0 0 2 1
11 180 1 1 1 1 0 0 2 1
12 120 1 1 0 1 0 0 2 1

After the excel file with data in the format shown above has been created from the
Raw Data table, notice that the responses under the head “Product Purchase” are
marked 0 and 1, which represents the codes for responses “Y” and “N”, respectively.
The same also applies to the responses under “System Utilization Activity” head of Raw
Data table.

Please note that Family, System Ultilization Activity, Product Purchase, are variables
measured in NOMINAL SCALE. So, we should NOT calculate sum, average,
variance etc. Instead the best is to calculate frequency, percentage, plot graphs only.
But here we are going to demonstrate that how you can use the tool of data analysis
tool pack to get the desired answers, related to the marked objectives of your study.
Now to get the answer for the stated objectives, we use the Descriptive Statistics Tool
of Data Analysis ToolPak.

Data analysis through Excel:
Perform Following Steps:
1. Tabulate the collected data as given above in Excel Spreadsheet.

2. Click DATA TAB — DATA ANALYSIS — DESCRIPTIVE STATISTICS
— OK

Note:“For activation and usage of Data Analysis Toolpak, refer to the earlier sectionl
& section Correlation and Regression - The snap shots are readily available there” .

Sampling — Case Study
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Statistical Methods We present below some of the relevant screenshots in the present case.
Lab 4
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Results of DESCRIPTIVE STATISTICS Procedure

¥= System Utilization Activit =
T bE 3 £ 2. y y &% | 88
Apaboai Ty = o o £ SS | 38
[ ] 5 gSk | 4 2 | 3| a| s 6 |8€°5 8%
| § |93 £5 | <2
o Mean 58.75 0.33 0.50 0.25 | 0.42 0.08 0.25 1 0.58
Standard
Error 13.50 0.14 0.15 0.13 | 0.15 0.08 0.13 0.33 0.15
Tt f:;imlw-m Median 45 0 0.5 0 0 0 0 1 1
n
i 1] Mode 30 0 1 0 0 0 0 2 1
Standard

Deviation 46.76 0.49 0.52 | 045 | 0.51 | 0.29 0.45 1.13 0.51

Sample
Variance 2186.93 0.24 0.27 | 0.20 | 0.27 | 0.08 0.20 1.27 0.27

Kurtosis 3.8 -1.65 | -2.44 | 033 | 2.26 12 -0.33 -0.34 -2.26
Skewness 2.0 0.81 0 133 | 039 | 3.46 1.33 -0.91 -0.39
Range 165 1 1 1 1 1 1 3 1

Minimum 15 0 0 0 0 0 0 -1 0

Maximum 180 1 1 1 1 1 1 2 1
Sum 705 4 6 3 5 1 3 12 7
Count 12 12 12 12 12 12 12 12 12
Sample size
= (Z*Std 46.099 | 46.09 | 46.09 | 46.0 | 46.0 | 46.09 | 46.09 | 46.09 | 46.09
Dev./Std 2 9 9 99 99 9 9 9 92
Error)2

46.09 | 46.09 | 46.09 | 46.099
7=1.96 @ 95%CL & 1.65 @ 90% CL 9 9 92 2
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DATA INTERPRETATION

Now, let’s interpret the results of descriptive statistics and analyse, what they say
about our objectives viz.

e What is the customer satisfaction level?
e  Which software utility is performed exhaustively in most of the families?

So far as customer satisfaction level is concerned, the tabulated data under head of
Mean and Mode gives the result as 1 and 2 respectively i.e.,on an average the
customers are satisfied and in fact they are “most frequently” - very satisfied. To
interpret we are to refer our data coding standards. As in this case they are :

*  Product Satisfaction is an ordinal scale with 5 values:

-2 = Very dissatisfied,
1 = dissatisfied,

0 = indifference,

1 = satisfied,

2 = Very satisfied.

Similarly, in order to study the objective “Which software utility is performed
exhaustively in most of the families? Refer to the results under the head SUM for the
System Utilization Activity. Here, the activity 2 is identified to be performed the most
i.e. Families are mostly using the Computer system for internet related activities.

To interpret we are to refer our data coding standards. As in this case they are:

e System Utilization Activity is a nominal data type consist of 6 choices of
activity in the park:

1. Computer Games,

2. Internet,

3. E-Books,

4. Application Software’s,
5. Movies

6. Security related software

Now, you might be wondering that the purpose of this session is to talk about
sampling and we are discussing about the descriptive statistics. This is intentional, we
want you to realize that sampling is not simply a formula but it is related to various
factors, as in this case the number of families are limited in the target area i.e. target
population is limited. By using the formula for Sample size calculation i.e.

Sample size = (Z*Std Dev. / Std Error)’ ; we can calculate the respective sample size
as

Sample size = (Z*Std Dev. / Std Error)2

You might have not located this expression Sample size=(Z*StdDev./Std Error)’ in the
Units12,13,14 of BCS 040. But, for the sake of understanding its just another formula
for calculating the sample size, when standard deviation is known. However when
standard deviation is not known we use another formula,we are not going to discuss
that, here we are going to concentrate on Sample size=(Z*StdDev./Std Error)’

We calculated the sample size to be 46 families but our study is considering only 12.
So for the reliability of the study the collected data is insufficient and thus we cannot
conclude that the interpretation of the results related to our objectives is fine enough.

You might be in the position to realize the importance of sampling now, because from
the above case you identified that by limited data you might find that the objectives of
the study are fulfilled but which might not be the fact is the sample size is
inappropriate.

Sampling — Case Study
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Statistical Methods After Sample size calculation lets understand how to use excel for Random Sampling.

Lab You might have studied various sampling methods in block 4 of BCS 040, but we are
confining our discussion to only Random sampling, you can implement the rest of the
sampling techniques by applying the understanding of BCS 040 and Excel concepts,
learned in these sessions.

5.3 RANDOM SAMPLING

Let’s extend our discussion from past session, where we considered the sample size of
12 families and based on the descriptive statistics results we analyzed that the sample
size is not large enough for the study. But if we assume that the population itself is
only 12 families and sample size turns out to be only 4 families, and we are going to
opt for random sampling. Then among the 12 families, how to choose 4 families at
random, this is the task we are going to demonstrate in this session. Among these 12
families 4 families are to be chosen at Random so we firstly Randomize the entire
population data by using Rand() function. We, simply write Rand() in the subsequent
column and apply it for entire population data. But, prior to that we should understand
that the sampling mechanism is random sampling, so, to draw the sample by Simple
Ransom Sample discussed in section 12.4/ Unit-12 of BCS 040, these probabilities
have to be all equal, and we have to draw only 4 random numbers to select the
required 4 sample units. Thus, we need to determine the equal probabilities of being
chosen, which turns out to be (1/12) where 12 is total number of families, the result
0.08 is the equal probability assigned to each family, as shown below.

You understood the theoretical way of doing it, in our block 4 of BCS 040. Here, we
are going to use Excel as the tool for the mentioned purpose. We are going to explore,
following functions to perform the task RAND(), SMALL(), MATCH() and INDEX()
functions to perform the above framed task i.e. to do Random Sampling.

Say the population data of 12 families under consideration is as follows

A B c D E F G H I J K L M
Family 1 2 3 4 5 6 7 8 9 10 11 12
Surname Sharma kumar Sastry | Venugopal | Gupta | Nagpal | Dhiman | Kaushik | Bhardwaj | Garg | Giri | lyengar
Probability
(1/12=0.08) 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 | 0.08 0.08
4 Random# 0.88 0.03 0.43 0.22 0.40 0.82 0.96 0.44 0.55 | 0.66 | 0.04 0.86
Task:
From among these 12 families, 4 families are to be chosen at Random.
Steps:
1. At ever draw equal probabilities have to be assigned to the units (see 3™
paragraph/section 12.4/Unit-12).These probabilities are— as shown in
C3.C14

2. Use excel function RAND( ) to generate random numbers in the range
3. Calculate cumulative probabilities as shown in D3..D14.
a. Value 0 in D2 is marked for the calculation of cumulative frequency

4. Consider a discrete random variable  having probability mass function
, and . Then we generate an uniform
random number and the corresponding observation , if
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5. Repeat the above step times to draw the required random sample. This
is shown in columns E, F, G and H.
A B C D
1 Family Surname | Probability g;l:llf;l[?itlli‘;)e/
2 0
3 1 | Sharma 0.08 0.08
4 2 | Kumar 0.08 0.17
5 3 | Sastry 0.08 0.25
6 4 | Venugopal 0.08 0.33
7 5 | Gupta 0.08 0.42
8 6 | Nagpal 0.08 0.50
9 7 | Dhiman 0.08 0.58
10 8 | Kaushik 0.08 0.67
11 9 | Bhardwaj 0.08 0.75
12 10 | Garg 0.08 0.83
13 11 | Giri 0.08 0.92
14 12 | Iyengar 0.08 1.00

Formula :

The function Rand() generates the random numbers from 0 to 1, from the above
results it is observed that $B$3:$M$3 is the range of generated random numbers.

match(lookup value, lookup array), i.e. =MATCH(E3,$D$2:$D$14) :returns the
relative position of an item in an array that matches a specified value in a specified
order.

To be specific to the application, by using match we can determine the Index value
(which is the Family number in our case). Everytime you refresh the Random#
column the entire status of Match column will change randomly. Now our sample is
of size 4 families, thus either we can directly refer to first 4 entries under match# as
the random families to be opted OR we can use the formula Index(). Lets use index to
clearly identify the Number and Surname of the Randomly sampled families.

index(reference, row num[column num]), i.e. =INDEX($A$3:$A$14,F3) returns the
Randomly sampled family number and =INDEX($B$3:$B$14,G3) returns the
Randomly sampled family surname. One of the Randomly Sampled Data is shown in
screen shot below.

Sampling — Case Study
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54 SUMMARY

In this session you learned about the basic formulation of questionnaire for an
assigned task, and learned about the various type of scaling viz. nominal, ordinal etc,
for data collection. Further, you learned about the tabulation of the data gathered
through questionnaire, and its digitization in excel. We also demonstrated the use of
data analysis tool pack for data interpretation. The session, also enlightened the
concept of random sampling through spread sheets, where you learned to use various
formulas viz. rand(), match(), index() etc. After going through this session you might
be in the position to practically apply the statistical concepts at some elementary level.

5.5 EXERCISES

EXERCISE - 1Analyze the Case given below and answer the subsequent questions
“ A park, maintained by an NGO, the management of the Park wants to make a study
which will help them to identify the satisfaction level of the visitor families, the park



has facility for every family member as if the youngsters may use playground for
sports and others may use it for picnic or reading or meditation or walk or jogging,
but they should adhere to the norms laid by the park management. As usual the
existence of playground is always an issue(generation gap), so the management want
to decide that the availability of playground leads to family satisfaction or it should be
removed or transformed for some other activity. Further, the management of
conveyance and over crowdedness in the park are also to be addressed. The
management identified that different activities are performed for different duration of
time, they wish to identify the activity performed the most and its respective duration,
and the mode or vehicles used by families to visit the park, based on the outcome they
may decide that which activities should be commercialize and do they need to focus
on parking”

1. Identify the objectives of the study.

2. Draft a Questionnaire to study the identified objectives.

3. Tabulate the collected data and digitize it in excel spreadsheet.
4

Use the Descriptive statistics option of Data analysis toolpak, and generate the
results for collected data.

5. Analyze the generated results for the identified objectives, and comment
accordingly.

6. Use the results from descriptive statistics to calculate the sample size,
comment whether the sample size is sufficient/ insufficient for the conducted
study.

EXERCISE - 2 Develop an Excel Application that can perform Random sampling
for the data tabulated below, and choose 3 villages randomly for study.

VILLAGE A B C D E F G

IT 115 267 98 155 321 144
SERVICES 231

CORRELATION and REGRESSION

Solution :
Correlation CYP-1(P6)

Ql

a) Scatter plot shows that data is quite correlated with positive magnitude and
value or r is approximately close to 0.9 or so

b) r=0.96 thus the variables are synchronized , thus variation in one variable
directly affects the other.

¢) Yes, we can use the collected data for the forecasting purpose because r~0.96
i.e. good correlation

Regression CYP-2
Q1

a)
b)

¢)

d)

Both factors are identified to be highly interdependent

Unit increase in RAM size will lead to 0.69 times increase in systems
performance

Unit improvement in systems performance requires 0.54 times of alteration in
RAM

25 times of RAM change will lead to improve system performance by 0.69 X
25 times

Sampling — Case Study
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Statistical Methods Multiple Regression CYP-3

Lab Ql
a)~70.6% of variation of Y is explained by X1 and X2

b)-5.51-39.33 X1 + 6.295 X2

ANOVA

CYP-1
1. Alpha=0.05i.e.5% , so level of confidence is 95%
2. Critical value of Factor F (Fcrit) = 3.238872

3. Because F=0.290072 and Fcrit = 3.238872 i.e. F <Fcrit, so accept the NULL

Hypothesis.

4. P=0.831921, which is more than the desired significance level, so accept the
null hypothesis

CYP-2

1. Alpha =0.05 i.e. 5%, thus level of confidence = 95%

2. Critical value of F(Fcrit) = 3.49 and 3.25 respectively

3. F=8.015 ; Fcrit =3.49 ; F >Fcrit , so Non Acceptance of Null Hypothesis

4. F=6.291 ; Ferit = 3.259 ; F >Fcrit, so Non Acceptance of Null Hypothesis

5. P value > significant value, thus , Non Acceptance of Null Hypothesis
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