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CHAPTER 11
Data Analysis


1. Introduction to Data Analysis Process:

After quantitative data collection from any method as mentioned before you should create a data file in appropriate software and get the data ready for analysis. This includes editing data which is done by checking the following

i. Incompleteness/omissions:

Incompleteness/omissions are studied by checking whether a respondent failed to answer the parts of a questionnaire. The researcher has to decide what should be done if this was the case. 

ii. Inconsistencies:

The respondent here failed to understand parts of or a complete questionnaire and has attempted hurriedly.

iii. Legibility:

There are problems of handwriting which cannot be understood or it is not clear where did the respondent intend to mark on numbers. 

iv. Coding and Categorizing Data:

If there were negatively worded questions in a questionnaire, their order of numbers on scale should be reversed. Also in front of nominal scale variable categories numeric values are assigned for the ease of filling in a data file. 

2. Statistical Data Analysis:

Its two types are mentioned below

A. Descriptive Statistics or Univariate Analysis:

The univariate analysis refers to the analysis of one variable at a time. This analysis describes a single variable or phenomena of interest.

B. Inferential Statistics or Bivariate and Multivariate Analyses: 

In bivariate statistical analysis the two variables are analyzed at a time in order to understand whether or not they are related. The hypotheses are tested applying this technique.  Multivariate analyses are the statistical procedures that simultaneously analyze multiple measurements (Three or more variables) on each individual or object under study. It is the further extension of bivariate statistical procedures.

3. Methods of Descriptive Analysis:

I. Frequencies:

Occurrence of number of times of a phenomenon is termed as its frequency. The percentages can be counted and bar charts and pie charts can be drawn out from this calculation i.e. by frequency count this can be understood that in 100% observations, 40% respondents are male and 60% female. 

II. Measures of Central Tendency:

In statistics, a central tendency or, more commonly a measure of central tendency is a central or typical value for the observations. Measures of central tendency are often colloquially referred to as averages. Central tendency can be calculated with the help of the mean, median and mode. 

i. The Mean (Average):

The sum of all measurements divided by the number of observations in the data set is called mean. We can calculate averages for interval scale and ratio scale data only i.e. average age of a number of observations is 33.6 years or nearly 34 years.

ii. The Median (Midpoint):

It is the middle value that separates the higher half from the lower half of the data set. The method of calculating it is to arrange all values in ascending or descending order and find the midpoint. In median the inflation or deflation by extreme members is controlled. It can be employed for interval, ratio and ordinal scale variables.

iii. Mode (The value occurring most frequently):

It is the most frequent value in the data set. This is the only central tendency measure that can be used with nominal data, which have purely qualitative category assignments.

III. Skew ness and Kurtosis:

The skewness of a distribution is measured by comparing the relative positions of the mean, median and mode. The distribution is symmetrical if Mean = Median = Mode. The distribution is skewed right i.e. right tail longer than left when median lies between mode and mean, and mode is less than mean and the distribution is skewed left when left tail is longer than right i.e. median lies between mode and mean, and mode is greater than mean.

In statistics, kurtosis is a measure of the "peaked ness" of the distribution or observations. The data is leptokertic if the peak is pronounced, mesokurtic when normal and platykurtic when below normal.  

IV. Measures of Dispersion:

In statistics, measures of dispersion denotes how stretched or squeezed a distribution is. Common examples of measures of dispersion are the variance, standard deviation and range. Simply measures of dispersion try to find variability in a set of observations. 

i. Range:
                
It is the difference between the maximum and minimum value i.e. if in a study the maximum time spent on cardiovascular equipment is 50 minutes and minimum 25 minutes then the range is 25. And if on weight machines maximum time spent is 60 minutes and minimum 10 minutes then the range is 50 minutes which shows greater spread of data in case two.  

ii. Variance:

Variance is always non-negative; a small variance indicates that the data points tend to be very close to the mean and hence to each other, while a high variance indicates that the data points are much spread out around the mean and from each other. Its formula is (n1-x)2+(n2-x)2 (n3-x)2/N. If the company A product sales for three months is = 30, 40, 50 and company B product sales are = 10, 40, 70 then variance for company A = 66.7 and variance for company B = 600 hence a more spread out around the mean. 

iii. Standard Deviation:

In statistics and probability theory, the standard deviation (SD) measures the amount of variation or dispersion from the average. It can be calculated by taking under root of variance i.e. in our case for company A 66.7 under root = 8.167 and company B 600 under root = 24.495 hence more amount of variation or dispersion from the average. It is observed that all observations fall within three standard deviations of mean, 90% observations fall within 2 standard deviations of mean and more than 50% observations fall within 1 standard deviation of mean. 

4. Methods of Bivariate and Multivariate Analysis:

I. Contingency Tables:

The cross tabulation/contingency table is like a frequency table but it allows two variables to be simultaneously analyzed so that patterns of association can be searched between them i.e. two variables like gender and reasons for visiting gym caught on category or nominal scale can be analyzed simultaneously.



II. Chi-Square Test: 

A chi-square test also referred to as x² test is any statistical hypothesis test in which the sampling distribution of the test statistic is a chi-square distribution when the null hypothesis is true. It is commonly used to compare observed data with data we would expect to obtain according to a specific hypothesis i.e. our expected values. Its formula is (oij – eij)2 / eij where oij are the observed values and eij are the expected values. Chi square tests are used for variables caught on nominal scale and shows association between two variables. 

Example: 

Q.1 The observed values (In bold) for two variables watching television and shift of the worker is provided in the table of observed values; with their help infer whether there is any association between the two variables at 0.05 significance level?

Table of Observed Values
	
	Do Watch Television
	Do Not Watch Television
	Total

	Morning Shift
	45
	5
	50

	Evening Shift
	47
	3
	50

	Night Shift
	40
	10
	50

	Total
	132
	18
	150


Table of Expected Values
	
	Do Watch Television (B1)
	Do Not Watch Television
(B2)
	Total

	Morning Shift (A1)
	132x50/
150 = 44
	6
	50

	Evening Shift (A2)
	44
	6
	50

	Night Shift (A3)
	44
	6
	50

	Total
	132
	18
	150




X2 - Statistical Table Example
	oij
	eij
	oij-eij
	(oij-eij)2
	(oij-eij)2 /eij

	45
	44
	1
	1
	0.02

	47
	44
	3
	9
	0.2

	40
	44
	-4
	16
	2.66

	5
	6
	-1
	1
	0.16

	3
	6
	-3
	9
	1.5

	10
	6
	4
	16
	2.66

	150
	150
	-
	-
	7.2



Ho = The two criteria are independent
Ha = The two criteria are associated with one another
Level of significance α = 0.05
Test Statistics Used is
x2 = 3εi=1 2εj=1 (oij – eij)2 / eij 
Degree of Freedom: (3-1)(2-1)
                                    2x1 = 2
From the table critical region x2 0.05,(2) =5.99
X2 Cal = 7.2
As x2 Cal > x2 0.05,(2) 
                       7.2>5.99
The Null hypothesis failed to get substantiated
“The data provided statistical association between the variables of interest”.

III. Correlations:

Pearson’s correlation is a statistical technique that can show whether and how strongly pairs of variables are related. For example whether height and weight (Both can be captured on ratio scale though you can calculate correlations for interval scale variables as well) are related and with how much magnitude and direction.  Thus the correlation coefficient r is the quantitative description of the magnitude and direction of the linear relationship between two variables which has a values ranging from -1 to 0 to +1. Minus 1 exhibiting perfect negative relationship, zero, no relationship and plus 1 perfect positive relationship. If the r value comes to be 0.082 at 0.001 significance level then there is strong positive correlation between the variables studied and we can say that in our population the taller individuals tend to have higher weight and vice versa. Correlation coefficient can be calculated between readings of two variables x and y i.e. height and weight according to the following formula




Spearman’s rank correlation is much like Pearson’s correlation which is used for the data collected on interval and ratio scales whereas Spearman’s rank correlation is used for the data acquired on the ordinal scale.  

IV. Regression Analysis:

Regression analysis is used to understand the nature of the relationship between two or more variables i.e. whether a dependent or response variable (Y) is related to one or more independent or predictor variables (Xs). The object of this analysis is to build a regression model relating dependent variable to one or more independent variables. The model can be used to describe, predict, and control variable of interest on the basis of the independent variables. The regression model between two variables Y and X can be described with the help of equation 

                                                                   Yi = βo + β1 xi + εi 

Where Y is the dependent variable, X, the independent variable, βo is the intercept i.e. the mean value of dependent variable (Y) when the independent variable (X) is zero; β1 is the model parameter i.e. the slope that measures change in mean value of dependent variable associated with a one-unit increase in the independent variable and εi is the error term that describes the effects on Yi of all factors other than value of Xi. More than one independent variable is included in a multiple linear regression model. 

V. ANOVA:

You might guess that the size of maple leaves depends on the location of the trees. For example, that maple leaves under the shade of tall oaks are smaller than the maple leaves from trees in the prairie and that maple leaves from trees in median strips of parking lots are smaller still. To test this hypothesis you collect several (say 7) groups of 10 maple leaves from different locations. Group A is from under the shade of tall oaks; group B is from the prairie; group C from median strips of parking lots, etc. Most likely you would find that the groups are broadly similar, for example, the range between the smallest and the largest leaves of group A probably includes a large fraction of the leaves in each group. Of course, in detail, each group is probably different: have slightly different highs, lows, and hence it is likely that each group has a different average (mean) size. Can we take this difference in average size as evidence that the groups in fact are different (and perhaps that location causes that difference)? Note that even if there is not a "real" effect of location on leaf-size (the null hypothesis), the groups are likely to have different average leaf-sizes. The likely range of variation of the averages if our location-effect hypothesis is wrong, and the null hypothesis is correct, is given by the standard deviation of the estimated means i.e. SD/N½. 

In this formula SD is the standard deviation of the size of all the leaves and N (10 in our example) is the number of leaves in a group. Thus if we treat the collection of the 7 group means as data and find the standard deviation of those means and it is "significantly" larger than the above, we have evidence that the null hypothesis is not correct and instead location has an effect. This is to say that if some (or several) group's average leaf-size is "unusually" large or small, it is unlikely to be just "chance". The comparison between the actual variation of the group averages and that expected from the above formula is expressed in terms of the F ratio:

F = (Found variation of the group averages) / (Expected variation of the group averages)

Thus if the null hypothesis is correct we expect F to be about 1, whereas "large" F indicates a location effect. How big should F be before we reject the null hypothesis? P reports the significance level.

VI. Independent Sample t-test:

The independent-samples t-test compares the means between two unrelated groups on the same continuous, dependent variable. For example, you could use an independent t-test to understand whether first year graduate salaries differed based on gender (i.e., your dependent variable would be "first year graduate salaries" and your independent variable would be "gender", which has two groups: "male" and "female"). Alternately, you could use an independent t-test to understand whether there is a difference in test anxiety based on educational level (i.e., your dependent variable would be "test anxiety" and your independent variable would be "educational level", which has two groups: "undergraduates" and "postgraduates"). Independent Sample t-test can be further understood with the help of example

Example Question: A recent EPA study compared the highway fuel economy of domestic and imported passenger cars.  A sample of 15 domestic cars revealed a mean of 33.7 mpg with a standard deviation of 2.4 mpg.  A sample of 12 imported cars revealed a mean of 35.7 mpg with a standard deviation of 3.9.  At the .05 significance level can the EPA conclude that the mpg is higher on the imported cars?  (Let subscript 1 be associated with domestic cars.)
Solution of Example Question:
Step 1: Ho μ2< μ1 and Ha μ2> μ1
Step 2: The significance level is .05
Step 3: H0 is rejected if t<-1.708 (From table), df=25 
Step 4: t value calculated with the help of formula i.e. t obtained = -1.64 
Step 5: H0 is not rejected. There is insufficient sample evidence to claim a higher mpg on the imported cars.  

VII. Paired Sample t-test:

Paired samples t-tests typically consist of a sample of matched pairs of similar units, or one group of units that has been tested twice or a repeated measures t-test. An example of the repeated measures t-test would be where subjects are tested prior to a treatment, say for high blood pressure, and the same subjects are tested again after treatment with a blood pressure lowering medicine. This can be understood with the help of following example

Example Question: An independent testing agency is comparing the daily rental cost for renting a compact car from Hertz and Avis.  A random sample of eight cities is taken and the following rental information obtained.  At the .05 significance level can the testing agency conclude that there is a difference in the rental charged?










Example Solution:
Step 1: Ho μd=0 andHa μd ≠0
Step 2: The significance level is .05.
Step 3: H0 is rejected if t<-2.365 or t>2.365 (From the table)
Step 4: Calculated t=avg. of dif/[sd/√n] t=(1.00)/[3.162/√8]=0.89
Step 5: H0 is not rejected. There is no significant difference in the rental charged.
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City Hertz ($) Avis ($)

Atlanta 42 40

Chicago 56 52

Cleveland 45 43

Denver 48 48

Honolulu 37 32

Kansas City 45 48

Miami 41 39

Seattle 46 50
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		City		Hertz ($)		Avis ($)

		Atlanta		42		40

		Chicago		56		52

		Cleveland		45		43

		Denver		48		48

		Honolulu		37		32

		Kansas City		45		48

		Miami		41		39

		Seattle		46		50
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