LECTURE NO.1

BIOSTATISTICS & COMPUTER APPLICATIONS 3(2-2)

Definition of Biostatistics: 

Science of biostatistics is study of methods applied in collection, analyzing & interpreting of quantitative data in any field of inquiry related to biological sciences. 

Scope of Biostatistics:

In ancient times the scope of statistics was restricted, because in those days, facts relating population of the country & natural resources were provided. Its main purpose was to make preparation for war that is why, statistics was called the science of kinds. Gradually the scope of statistics widened. Particularly with the advancement of the theory of probability, the insurance companies were benefited statistical methods were started to be used in all other sciences. Its scope thus is stretched over all those branches of human knowledge, in which a grasp of significant of large number is looked for statistical techniques provided an important manner of measuring numerical changes in complex groups & judging collective phenomena. 

Thus its scope is wide in the modern age. It however cannot be applied to the studies of qualitative characteristics.

Uses or Importance of Biostatics:  

The following uses or importance of biostatics are given below. 

1. Statistics simplifies data: It presents the complicated data in such a form that easily understood. 

2. Statistics present facts in definite form: Numerical facts given more precise information than facts expressed in general terms.

3. Statistics are arithmetic of human welfare: Statistics helps to understand the problems of mankind. Problems regarding un-employment, poverty, food shortage, education etc cannot be understood without statistical balance. 

4. Statistics are records of past knowledge: Past record statistics help to compare & test the present plan & policies with current situations & also to work on sound footings in future making sound policies in livestock sector. 

5. Statistics helps business & commerce in livestock sector. All types of business decisions are made on estimates, therefore, it is highly essential for the success of a businessman that his estimate should be very accurate & it depends much more on statistics. Banking, insurance, transportation etc will all need statistical help. 

6. Statistics aids forecasting: Statistics studies the trends of given data & enables us to predict the future behavior of the data under given conditions in livestock sector. 

7. Statistics are the eyes of administration: Statistics enables the advisor to guide his government. For the purpose, he analysis & decides upon the facts before hand. 

8. Planning without statistics cannot be imagined: By supplying the information regarding the situation prevailing & by pin pointing the spots that need attention. Statistics guide planning. They also provide an objective check of the effectiveness of various schemes & programmes. 

9. Statistics discloses casual connection between related facts: Through statistics we come to know about the relationship of various things. For example, supply, demand & prices etc. 

10. Statistics aid supervision: Statistics helps to supervise different schemes. Any department can be supervised in a better way by going through statistical data. Statistics are used in all sciences. Data & methods are widely used in almost all sciences. For example, the laws of reral social sciences like Veterinarian Economics, Rural Sociology &  Psychology seek to explain the behavior of masses/animals & groups. Numerical data are needed to state these laws in a scientific way. 

Limitations / demerits/ disadvantages of Biostatistics

Are as follows;

1. Statistics does not deal with facts which cannot be numerically expressed:  

It does not deal with qualitative aspects such as poverty, health, smell, friendship or character etc., because these cannot be numerically expressed. 

2. Statistics deal with aggregates of facts: Statistics are aggregates of facts & such cannot give information about a particular individual or event. 

3. Statistics requires expert persons for its dealing. Common man having no knowledge of statistical methods, cannot handle the data efficiently. Such a work is limited to a particular class of experts. The result drawn by a common man will be doubtful, because statistics requires care sufficiently in the collection, analysis & interpretation of data other wise statistical result may be false & misleading. 

4. Statistics does not study qualitative phenomena.

5. Statistics provides only the tools for analysis. It cannot however, change the nature of causes affecting statistical data. 

6. Statistics cannot be applied to heterogeneous data: it cannot be applied to heterogeneous data. If is applied to such a data, it would give incorrect results. 

Bio-Statistics/ Statistics & Biological Sciences

Statistics is closely related to the development of biological theories. 

Galton (1829-1911) a grandson of Darwin studied biological variation with the application of statistical methods & for this purpose he set up a Biometric laboratory. 

Prof. Karl Pearson in his Grammar of Science says that the whole doctrine of evolution & heredity is based on statistical methods. The contention that all tall sons generally have had tall fathers was proved by collecting such data which is purely a statistical. Approach. Mendel’s theories have proved that Genetics which studies the relations between the characters of group of individuals in successive generations is essentially a statistical approach. 

Moreover some of the important methods of statistics such as Sampling & Analysis of Variance are being increasingly used in biological experiments. Thus we see that statistics has greatly benefited biology. 

Livestock sector is greatly benefited by statistics. The Analysis of Variance which is an important method in statistics is of immense use in Livestock for testing the differences between different group of data for the purpose of homogeneity. Similarly, correlation & regression method are of great use to determine the factors, which influence the quantity & quality of livestock products or by-products. These methods bring out the effects of disease, insect/ pest, treatments & vaccination on the productivity/reproduction of livestock. In short, statistics is so deeply related to livestock sector that the study in the field of Livestock cannot be made without the application of statistics. 

LECTURE NO. 2

Types of Data

Broadly specking there are two types of data 

i) Primary Data 

ii) Secondary Data 

i) Primary Data: Primary data are those which are collected for the first time & are always given in the form of raw materials & are original in character. There types of data need the application of statistical methods for the purpose of analysis & interpretation.

ii) Secondary Data: Secondary data are those, which have already been collected by someone & have gone through the statistical machines. They are usually the refined form of raw materials. When statistical methods are applied on primary data they lose their shape & become secondary data. 
The distinction between primary & secondary data is of one degree. Data, which are primary in the hands of one, become secondary in the hands of other.  

For example, data relating to livestock production are secondary for the livestock department, but are primary for the purpose of calculation of national income. 

1. Methods of Measuring Primary Data. 

The primary data are collected by the following methods

A). Direct personal investigation. 

B). Indirect personal investigation. 

C). Investigation through questionnaire.

D). Investigation through questionnaire in the charge of enumerator.

E). Investigation through local reports.  

A). Direct Personal Investigation: according to this method the investigator has to collect the information himself personally from the sources concerned. It is expected that investigator should be very polite & courteous. Further he should acquaint himself with the surrounding situation & must know their local customs & traditions. He should mix up with the people freely & should share their feelings so much so that they think him as their friend. Then it would be possible for him to collect accurate information from the respondent. It is also important that the investigator must have been sense of observation. Moreover, the investigator should be very tactful & put simple questions in a simple language which could be answered easily. 

Advantages: 

1).
The information collected by this method are reliable & accurate

2). 
It requires a lot of expenses & time. 

3). The bias on the part of the investigator damages the whole inquiry.

4). Sometimes the informant may be reluctant to answer the question. 

B). Indirect Personal Investigation: this method is used when informants are reluctant to give the definite information. For example, if a Govt. servant is asked to give the information regarding his income, he will not be willing to give the information for the additional income, which he earns by doing part-time extra work. In such cases what is done is that the investigator puts the informants some suitable indirect questions which provide him some suitable information if investigator fails to collect the information by above method, then the information is collected through indirect sources i.e. from the persons from whom the desired information is collected are known as witness & their answers are recorded. The accuracy of data collected by this method largely depends upon the persons who are selected to give information. Hence it is necessary select a suitable person for this purpose. 

Precautions:  the informant should 

i) 
Have full knowledge of the problem, 

ii) 
Be in a position to express himself correctly, 

iii)
Be free from bias; and 

iv)
Not give colour to the facts. 

Advantages: 

i) 
It is less expensive & takes less time.

ii) The information is collected from the witnesses who do not fell shy in giving the exact information. 

iii)
It is a good method for conducting an extensive inquiry. 

Disadvantages:

i) 
Sometimes the time taken by the witness in replying may be pretty long.

ii)  It is possible that the witness may not have full knowledge of the problem. 

C). Investigation Through Questionnaire:  According to this method a standard list of questions relating  to the particular investigation is prepared. This list of questions is called a questionnaire. This method is an important one & is usually used by research workers, non-official bodies & private individuals. Then data are collected “by sending the questionnaire to the informants/respondents & requesting then to return the questionnaire after answering the questions”.

Advantages: 

i) 
It is less expensive.

ii) 
The information may be collected from a wide area

iii)
This method can ensure a reasonable standard of accuracy. 

Disadvantages:

i) 
Most of the informant do not take the trouble of filling in the questionnaire & some of them even do not returns the questionnaire.  

ii) 
Those who answer the questions given vague statements. 

iii)
There may be many errors in the answers, because there will be none to explain the questionnaire to them. 

Precautions:   In order to make this method successful a very polite letter should be sent to the informants emphasizing the need & usefulness of the problem under investigation. They should further be given assurance that the information given by then would be kept secret. In this method the most important paint is the framing of the questionnaire. 

Choice of Questionnaire:  the success of the investigation largely depends upon the proper choice of questions to be put to the informants. While preparing a questionnaire the following points should be kept in mind, 

i) 
Short & clear question ii) Few in number & easy to answer each question  

iii) Definite answer to question iv) The questions should be such that their replies check the vague replies & truth can be easily verified from them. 

v) Non-confidential information to asked vi) Logical sequence of questions.

D). Investigation Through Questionnaire in Charge of Enumerators: 

According to this method enumerates are appointed who go to the informants with the questionnaires & help them in recording the answers. Here enumerators explain the background, aim & object of problem under investigation & emphasize the necessity of giving correct answers. They also help the informants in understanding some technical terms. Thus, the informants fill in the questionnaire in the presence & by the help of enumerators. 

Advantages: 

i) Useful for extensive inquiry 

ii) ii) No vague answer is expected

iii) Complete answers supply 

iv) No time is wasted in collecting the information, since the enumerators collect them personally. 

Disadvantages: 

i) Expensive method 

ii) Accuracy depends upon proper choice & training of enumerators 

E). Investigation Through Local Reports:  collection of date is done only through local correspondents. Data is not reliable & it should be used only at those places where the purpose of investigation is served by rough estimates.

Advantage:  Least expensive 

Disadvantage: This method gives rough estimates.

2. Method of Measuring/ Collecting Secondary Data:  

A) Sources of Published Data:

Following are sources of published data 

1). Official publications of central, state & local governments.

2).
Semi-official publications & reports published by district & municipalities councils. 

3). Publication of trade association, chamber of commerce, co-operative societies, trade unions or banks, 

4). Research publications submitted by research workers, economical, University bureau & other institutions. 

B) Sources of Un-Published Data: This type of material can be obtained from the chambers of commerce, trade associations, labour bureau & research workers.   

Basic statistical Concepts

Statistics:  A subject that deals with collection, compilations, presentation, interpretation & making inference of quantitative (numerical) data in any field of inquiry. 

Bio-Statistics:  Applications of statistics in biological sciences.

Data: Those individual value, which are presented, measured or observed. 

Population: A large collection of item (people/animal/plants) that have something in common. 

Sample: A sub-set of population, which are actually observed. It may be representative or non-representative.

Parameter: A value associated with population assigned by б (Greek latter).

Sample Statistics: A value calculated from sample assigned by S (Roman latter).

Variable: A characteristic that varies with an individual or object, is called variable. 

Discrete Variable: It is one that can take discrete set of integers or whole numbers, that is the values are taken by jumps or breaks. A discrete variable repents count data such as the number of persons in a family, the number of rooms in a house, the number of deaths in an accident etc. 

Continuous Variable: a variable is called a continuous variable if it can take on any value fractional or integral within a given interval. A continuous variable represents measurement data such as the age of a person, height of a plant, the weight of a commodity etc. 

Descriptive & Inferential Statistics: Statistics as a subject, may be divided into descriptive statistics (which deals with concepts & methods concerned with summarization & description of the important aspects of numerical data). This area of study consists of condensation of data, their graphical displays & the computation of few numerical quantities that provide information about the center of data & indicate the spread of observations & inferential statistics (which deals with procedures for making inferences about the characteristics that describe the larger group of data or the whole, called the population, from the knowledge derived from only a part of the data, known as sample. This area includes the estimation of population parameters & testing of statistical hypothesis. This phase of statistics is based on probability theory, as the inferences, which are made on the basis of sample evidence, cannot be absolutely certain. 

Sampling: the process of selecting a part out of the lot, which serves, as a representative of the whole lot is known as sampling. The part which is taken out of the bulk is called the “Sample” & the whole bulk is called the “Universe” or “Population”.

Sampling Unit: Sampling procedures demand a sub-division of the material to be sampled into units. These units on the basis of which sampling procedure is based, are technically known as sampling units. There sampling units may be of natural units or artificial units. Individuals of human beings are natural units while individuals distributed according to their income are artificial units or unnatural units.

Sampling Frame: Sampling frame consists of previously available description of the material in the form of maps, lists etc from which sampling units may be constructed & a set of units is selected.

For example, in census of population if we make household as our sampling unit & if before hand we are given a list of households we can select from it any number of households unambiguously. 

Parameter:  A numerical quantity such as mean, media, standard deviation etc calculated from population is known as parameter. Greek letter (μ ) is generally used to denote parameter. Its value is fixed. Its value is estimated by statistic. 

Statistic: A numerical quantity such as mean median, standard deviation etc calculated from the sample, is known as statistic. Ordinary Latin word ( x ) is used to denote the statistic. The value of statistic very from sample to sample. Thus statistic is a random variable which estimates the value of parameter. 

Types of Sampling Methods: There are two types of sampling methods i.e probability sampling & non-probability sampling.

Probability Sampling: In probability sampling, the sampling procedure is such that each member of the population gets a definite probability of being included in the sample. The simple & most commonly used type of probability sampling is simple random sampling, stratified sampling systematic sampling, cluster sampling etc. in this case the precision & reliability of the estimates can be determined.

Non-Probability Sampling: Here selection of the sample is not done randomly. There methods do not ensure that each member of the population will have an equal chance of being included in the sample. In this case the reliability of the estimates cannot be determined in terms of probability the most commonly used non-probability sampling methods are purposive sampling, quota sampling, incidental sampling etc. 

Probability: The probability of an event is a quantitative measure of the proportion of all possible, equally likely outcomes that are favorable to the event. It is denoted by P. 

For example, if a fair coin were an indefinite number of times, heads would appear on 50% of the trials, so P for head is 0.50. The probability of an event not occurring is equal to one minus the probability that it will occur, this is denoted by q ,  i.e q = 1-p.

Addition Rule: Addition rule of probability states that the probability of any one of the several particular events occurring is equal to the sum of their individual probabilities, provided that events are mutually exclusive (i.e they cannot both happen). This rules states that the probability of picking card that is either diamond or a heart is 0.25 + 0.25 = 0.50. There events meet the requirement of mutual exclusiveness. 

Multiplication Rule: the multiplication rule of probability states that the probability of two or more statistically independent events all occurring is equal to the product of their individual probabilities. 

For example, if the life time probability of animal developing cancer is 0.25 & the lifetime probability of developing schizophrenia is 0.01, the lifetime probability that a person might have both cancer & schizophrenia is 0.25 * 0.01 = 0.0025, provided that a two illnesses are independent. In other words, that having one illness neither increase or decrease. The risk of having other. 

Binomial Probability Distribution: The probability that a specific combination of mutually exclusive independent events will occur can be determined by the use of binomial distribution. A binomial distribution is one in which there are only two possibilities, such as yes/no, male/female, healthy/sickly, success/failure. 

Binomial probability distribution possesses the following four properties,  

i) The outcome of each trial may be classified into one of two categories as Success (S) & Failure (F).

ii) The probability of success, denoted by P, remains constant for all trials.

iii) The experiment is repeated a fixed number of times, say n.

iv) The successive trials are all independent. Probability in a binomial distribution is calculated by formula as where n is the number of trials. 

	P = 
	n!
	pr  (1-p) n-r   

	
	r! (n –r)!
	


p = probability of the specified event occurring.

r = No of times the specified event occurs. 

n! = n factorial or n prime. 

If n = 2, r = 0, p = 0.25, q = 1-p = 1-0.25. Then by substituting values.

	P = 
	2!
	0.250  (1-0.25) 2-0   =
	2 ×1
	× 0.752

	
	0! (2 –0)!
	
	2 ×1
	


= 0.5625

------------------------------------------------------------------------------------------------------- 

LECTURE NO. 3

Scale of Measurements 
 Measurement: It is a process whereby object or events are classified & symbols attached to the classification. More specifically, in the process of measurement, symbols (for example, 4, 5, x, p) are used to represent real objects or events according to the rules of logic & mathematics.

Scales of Measurement/Types of variables: 

They are four types of scales used for measuring.

1) Nominal Scale 

2) Ordinal Scale

3)  Interval Scale 

4) Ratio Scale 

1) Nominal Scale: If values are assigned a code in the form of number/label is called nominal scale. When a Veterinarian’s  task is that of categorizing the objects & events he observes. And when he assigns symbols (whether words, letter or numerals) to the phenomena he has placed in these categories, he is employing a nominal scale. This is simplest from of measurement. 

e.g Income =Y, Investment = 1, Saving = 5 etc. it involves only the separation of objects or events into mutually exclusive categories. For example veterinarian who classifies vaccines into effective & ineffective categories under different investigation trials also employs a nominal scale. 

2) Ordinal Scale: As the Veterinarian refines his idea about the objects of his inquiry; he is apt to refine his methods of measurement. Once classification has been achieved, the scientist may perceive an order by relation among the categories into which object or events were placed. If so, he will attempt to employ a more refined method of measurement called the ordinal scale. 

When Biologists /Microbiologists relate various species to one another in order as higher or lower on the phylogenetic scale-They employ an ordinal scale. It should be noted however, that rank order implies direction but not distance. Ordinal scale do not indicate how much “A” is greater that “B”, nor how much D is less then C. in short, the direction between objects is specified but not amount of distance between them Ranking/rating/ordering scale provide a good illustration of an ordinal scale. 

e.g. Performance evaluation criteria is given as; Outstanding, Excellent, Very Good,  Good, Satisfactory, Poor Similarly, clinical veterinarian, after observing animal in clinical Hospital for six months, order them along & continuum by labeling them as “unimproved”, “slightly improved”, or “much improved”, an ordinal scale is being used. Psychologist who uses a rating scale for “bright”, “average” & “dull” students are also employing ordinal scales. Measuring with an ordinal scale rather tan a nominal scale is usually preferable, because ordinal-scale measurement provides data in a numerical form, which permits more & better analyses of data. Measurement by an ordinal scale makes it possible to compute certain kinds of averages & certain correlations which could be computed if a nominal scale were used. 

3) Interval Scale: An interval scale is one of which it is possible to quantify the intervals, the distances, which lie between the numbers constituting the data. “Quantifying the intervals” means expressing their length or extend in terms of some fixed, well-understood unit of measurement. 

if persons A, B & C are respectively, first, second & third in the amount of annual income, then the data are in ordinal scale form. The difference between first & second may be anything from a few rupees to a few million. There is no way to compute the difference between second & third with the difference between first & second, since no fixed unit is given for measuring there gaps or intervals between the data. If on other hand, we learn that A, B & C respectively have incomes of RS. 10,000, Rs. 60,000 & Rs. 5000, it is to quantify the intervals between the data. Any scale which permits the quantification in fixed units of the intervals between the data is called an “interval scale”.  Intervals scales are of enormous advantage, however interval-scale numbers may be added, subtracted, multiplied & divided. 

4) Ration Scale: An interval scale can be converted into a ratio scale if it can be shown that it has an absolute zero or origin from which measurements are made. The Fahrenheit & Centigrade temperature scales are not ratio scales, because the zero is in each case placed merely for convenience. The zero in the Kelvin scale for temperatures, on the other hand, is an absolute zero, because no lower temperatures are possible, the Kelvin scale is thus a ratio scale. The use of ratio scales make possible the comparison of ratios constructed from data.

Consider the following example. A student may take a language test in which he gets no item correct. If we are merely counting “items correct”, or test scores, this is indeed an absolute zero. But a score of “zero items correct” does not mean zero ability in language. And because scale of ability does not contain an absolute zero, it cannot be said that a score of 100 items correct indicates twice as much ability in language as a score of 50 items correct. Hence, taken as measures of ability in language, the scores should be considered as taken from an interval scale. 

Broadly specking, scales of measurements are as.

1) Numerically (Quantitative) e.g continuous & discrete variable scale & ratio scale. 

2) Categorically (Qualitative) e.g Nominal, Ordinal, Interval 

1) Numerical Variable/Numerical Scale: The values of these variables are expressed in numbers or quantity e.g 1, 2, 3, 0.5, 19 etc. 

2) Categorical Variable: The values of these variables are expressed in qualitative phenomena or categories e.g.

	Variables 
	Categories 

	Colour 
	Red, Blue, Green

	Outcome of Disease 
	Recovery, Illness, Death 

	Type of Feed 
	Egg, Milk, Meat 


LECTURE NO. 4

Frequency Distribution: A frequency distribution is a tabular arrangement of data in which various items are arranged into classes & number of items falling in each class (called frequency) is stated. 

Data presented in the form of a frequency distribution are called grouped data. Data, which have not been arranged in a systematic order, are called raw data or ungrouped data. 

Main Steps: 

1) Class-Limits:  The class limits are defined as the numbers or the value of variable which typically serve to identify the classes; the smaller number is the lower class limit & the large number is the upper class limit e.g. 5-10 is a class limit, lower class limits, 5 & upper class limit is 10. a class 10-15 shows 10 ≤ x <15 (10-14.9). Or 1-10, 11-20, 21-30 etc are class limits.

2) Class Boundaries: The class boundaries are the precise points, which separate various classes, rather than values being include in one of the classes. The selection of these points remove the difficultly, if any, in knowing the class to which a particular value should be assigned. Thus they leave no space for ambiguity or over lapping. A class boundary is located midway between a upper line of a class & lower limit of the next higher class e.g (5-14.5), (14.5-19.5) is a class boundary between 4 (lower) & 10(upper). Or 0.5-10.5, 10.5-20.5, 20.5-30.5 are class boundaries.

3) Mid Point:  It is that point which divides the class into two equal parts. In practice, it is obtained be dividing either the sum of the lower & upper limits of a class or the sum of lower of & upper boundaries of the class by 2 but in a few cases. A midpoint is also known as the central value or the mid value or the class mark. 

4) Class Interval: It is length of a class & is equal to the difference between the upper boundary & lower boundary of a class. It may also be obtained by finding the difference either between two successive lower class limits or between two successive upper class limits or between two successive midpoints. The lower limit of a class should not be subtracted from its upper limits to get the class interval e.g a class/group is so R (class interval) is 10 (65-84), (85-104). 

Formation of Frequency Distribution : Following steps are involved in the formation of a frequency distribution. 

1) Determine the greatest & small numbers in the raw data & find the range.

i.e. the difference between greatest & smallest numbers, 

2) Decide the number of classes/groups. 

3) Determine the approximate class interval size by dividing the rage by desirable number of classes.

4) Decide what should be the lower limit of the lowest class & then the lower class boundary. 

5) Find the upper class boundary by adding the class interval size to the lower class boundary & then determining the upper class limits may be determined by adding the class interval size repeadly until the greatest measurement is enclosed in the final class. 

6) Distribute the values in the raw data into classes & determine the number of cases falling in each class i.e. class frequencies. 

Relative Frequency distribution: The frequency of a class divided by total frequency of all the classes is called the relative frequency of that class. It is generally expressed as percentage. 

Cumulative Frequency Distribution: The total frequency of all classes less than the upper class boundary of a given class is called cumulative frequency distribution. 

Numerical Examples: 
QNo.1 5 students of Ninth class obtain following marks out of 100 as 60, 62, 65, 66, 67, 68, 66, 60, 73, 67, 69, 70, 63, 64, 63

Tabulate the given data into a frequency distribution taking 5 as No. of classes or groups 

Ans: 1) Arranging the data as; 

60, 60, 62, 63, 63, 64, 65, 66, 67, 67, 68, 69, 70, 73, 

2) Taking range As; 

R = Rmax - Rmin

R = 73-60 = 13 

3) Taking Class interval as;  

h = class interval

5 = No, of groups/classes 

h = 13

        5

= 2.6 or 3

4) Frequency Table;

	Class/Group
	Frequency

	60-62
	3

	63-65
	4

	66-68
	5

	69-71
	2

	72-74
	1

	5 Classes
	15


QNo.2 The weights of 40 students are given below; 

138, 164, 150, 132, 144, 125, 149, 157, 146, 158, 140, 147, 136, 148, 152, 144, 168, 126, 138, 176, 163, 119, 154, 165, 146, 173, 142, 147, 135, 153, 140, 135, 161, 145, 135, 142, 150, 156, 145, 125.

Tabulate the data in frequency distribution taking nine as class interval, say 118-126, 127-135 etc. 

Solution: 

	Weights 
	Tally marks 
	Frequency

	118-126
	1111
	4

	127-135
	1111
	4

	136-144
	1111  111
	8

	145-153
	1111 1111 111
	13

	154-162
	1111
	5

	163-171
	1111
	4

	172-180
	11
	2

	Total
	40


QNo.3 Tabulate data in frequency table indicating classes, class-boundaries, mid points or class marks, tally column & frequency.

106, 107, 76, 82, 109, 107, 115, 93, 187, 95, 123, 125, 111, 92, 86, 70, 126, 68, 130, 129, 139, 119, 115, 128, 100, 186, 84, 99, 113, 204, 111, 141, 136, 123, 90, 115, 98, 110, 78, 185, 162, 178, 140, 152, 173, 146, 158, 194, 148, 90, 107, 181, 131, 75, 184, 104, 110, 80, 118, 82.

Answer: Frequency distribution of wt. of 60 sheep.  

	Class (weight)
	Class Boundaries 
	Mid Points/

Class Marks 
	Tally 
	Frequency 

	65-84
	64.5-84.5
	74.5
	1111 1111 
	09

	85-104
	84.5-104.5
	94.5
	1111 1111 
	10

	105-124
	104.5-124.5
	114.5
	1111 1111 1111 1
	17

	125-144
	124.5-144.5
	134.5
	1111 1111 
	10

	145-164
	144.5-164.5
	154.5
	1111 
	05

	165-184
	164.5-184.5
	174.5
	1111
	04

	185-204
	184.5-204.5
	194.5
	1111
	05

	Total
	60


Note: such a frequency distribution in which each class consists of a single value is called discrete or ungrouped frequency distributions & frequency distribution consists of groups/class limits/class boundaries is called continuous or grouped  e.g. 

	No of Assistants (x) 
	Tally 
	No of Estab. (f) 

	0
	111
	3

	1
	1111 1
	6

	2
	11
	2

	Total
	11


LECTURE NO. 5

Stem & Leaf Display: A clear disadvantage of using a frequency table is that the identity of individual observations is lost in grouping process. To overcome this drawback, John Tukey (1977) introduced a technique known as the Stem and Leaf Display. This technique offers quick & novel way for simultaneously sorting & displaying data sets where each number in the data set is divides into two parts, a Stem & Leaf. A stem is a leading digit (s) of each number & is used in sorting, while a leaf is the rest of the number or the trailing digit (s) & shown in display. A vertical line separates the leaf (or leaves) from the stem. For example, the number 243 could be split two ways. 
	Leading Digit 
	Trailing Digit
	Leading Digit
	Trailing Digit

	2
	43
	24
	3

	Stem
	Leaf
	Stem
	Leaf


All possible items are arranged in order from the smallest to the largest & placed on the left hand side of the line the stem and leaf display is a useful step for listing the data in an array, leaves are associated with the stem to know the numbers. The stem and leaf table provides a useful description of data set & can easily be converted to a frequency table. It is a common practice to arrange the trailing digits in each row from smallest to highest.  
Example) The ages of 30 animals admitted to certain veterinary hospital during a particular week were as follows; 
48, 31, 54, 37, 18, 64, 61, 43, 40, 71, 51, 12, 52, 65, 53, 42, 39, 62, 74, 48, 29, 67, 30, 49, 68, 35, 57, 26, 27, 58.
Construct a stem and leaf display for the data & list the data in an array. 
Answers: A scan of data indicates that the observations range (in age) from 12 to 74. We use the first (or leading) digits as the stem & the second (or trailing) digit as the leaf the first observation is 48, which has a stem of 4 & a leaf of 8, the second a stem of 3 & a leaf of 1 etc. placing the leaves in the order in which they appear in the data, we get the stem and leaf display as shown below. 
	Stem

(Leading Digit)
	Leaf 

(Trailing Digit) 

	1
	8 2

	2
	9 6 7

	3
	1 7 9 0 5

	4
	8 3 0 2 8 9

	5
	4 1 2 3 7 8

	6
	4 1 5 2 7 8

	7
	1 4


To get the array, we associate the leaves in order of size with the stems as shown below. 

12, 18, 26, 27, 29, 30, 31, 35, 37, 39, 40, 42, 43, 48, 48, 49, 51, 52, 53, 54, 57, 58, 61, 62, 64, 65, 67, 68, 71, 74, 

Example: 2.7 construct a stem and leaf display for the data of mean annual death rates per 1000 at ages 20-65 in each of 88 occupational groups.
7.5, 8.2, 6.2, 8.9, 7.8, 5.4, 9.4, 9.9, 10.9, 10.8, 7.4, 9.7, 11.6, 12.6, 5.0, 10.2, 9.2, 12.0, 9.9, 7.3, 7.3, 8.4, 10.3, 10.1, 10.0, 11.1, 6.5, 12.5, 7.8, 6.5, 8.7, 9.3, 12.4, 10.6, 9.1, 9.7, 9.3, 6.2, 10.3, 6.6, 7.4, 8.6, 7.7, 9.4, 7.7, 12.8, 8.7, 5.5, 8.6, 9.6, 11.9, 10.4, 8.1, 4.6, 6.6, 12.8, 6.8, 7.1, 6.6, 8.8, 8.8, 10.7, 10.8, 6.0, 7.9, 7.3, 9.3, 9.3, 8.9, 10.1, 3.9, 6.0, 6.9, 9.0, 8.8, 9.4, 11.4, 10.9, 

	Stem
	Leaf 

	3
	9

	4
	6 6 

	5
	0 4 5 

	6
	0 0 2 2 5 5 6 6 6 8 9 

	7
	1 3 3 3 4 4 5 6 7 7 8 8 8 9

	8
	1 1 2 4 6 6 7 7 8 8 8 9 9 

	9
	0 1 2 3 3 3 3 4 4 4 6 7 7 9 9 

	10
	0 1 1 2 3 3 4 4 6 6 7 8 8 9 9 

	11
	1 4 4 6 6 9

	12
	0 1 4 5 6 8 8 

	14
	0


John Tukey (1977) has suggested on innovate technique for summarizing data that utilizes characteristics of the frequency distribution & histogram. It is referred to as “Stem & Leaf Display”, in which stems represents the class interval & the leaves are the strings of values within each class interval.

Example:
	Stem

(Intervals)
	Leaf

(Observations) 
	Frequency 

(f)

	90-99
	2 4 6 8 
	4

	100-109
	0 4 6 8 8 8 
	6

	110-119
	2 2 4 4 8 8 8 8 8
	9

	120-129
	0 2 2 2 2 4 4 8 8 8 8 8 8 8 8 
	15

	130-139
	0 0 0 2 2 4 4 4 4 4 4 8 
	12

	140-149
	0 0 2 4 4 6
	6

	150-159
	2 2 4 4 4 4 6 
	7

	160-169
	2 2 
	2

	170-179
	0 2 
	2

	180-189
	
	0

	Total
	63


 LECTURE NO. 7

Visual Representation of Data

Visual display of statistical data 9i.e diagrams, graphs) in the form of points, lines, areas and other geometrical forms and symbols. Such visual representation can be divided into two main groups as diagrams and graphs.

Diagrammatic Representation of Data (Diagrams):

 The data are presented in an orderly manner by the application of various statistical methods like classification and tabulation. Yet the presentation of data by diagrams remove complexity and brings out main and important features. In this way, the data help to understand the information in an easy and comprehensive form.
Different Types/ Kinds of diagrams.

Are as;
1. One Dimensional Diagrams: These diagrams have only one dimension height or length. These diagrams are of equal width and there is equal space between them. such kind of diagram are further divided into following diagrams;
i) Simple Bar Diagram.  In such diagram, only bar or line is drawn for one variable.

Example: Let us following data

Country:
A

B

C

Population:
20000

1500

1000

(Lacs)

Taking the countries on X-axis and population on Y-axis, Simple Bar Diagram can be drawn as:


[image: image1.wmf]Simple Bar Diagram
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ii) Multiple Bar Diagram: It is used to show the comparison within two or more sets of inter-related data. 
Example 
	Years
	A

(1000 Tons)
	B

(1000 Tons)
	C

(1000 Tons)

	1975
	44
	28
	16

	1976
	32
	27
	19

	1977
	25
	22
	23











             A              B                 C
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                                                                                 Scale 155 = 100 Tons 
iii)  Sub-Divided or Component Bar Diagram: In this type of diagram, bars are drawn with lengths proportion to the total of their components. Such diagrams are prepared to show comparison of the total with the parts of components. 
 Example 



Humanities Group 


(A) 
182
35%




Pre-Engineering Group 

(B)
208
40%




Medical Group 


(C)
130
25% 

                                                                        Total        520    100%


2) Tow Dimensional Diagram: Are drawn on the basis of two dimensions i.e length & breadth.  There are also called area diagrams, because their area represent the data. E.g Rectangle, Square, Circles (Pie) etc. 

a). Rectangles: Here we make use of length & breath, because area is equal to the product of length & breath. In first method breadth is kept equal & lengths are proportional to the size of total figures in second method, the lengths are kept equal & breadths are proportional to the size of total figures. In both cases, the area of rectangle is proportional to the value represented. 
Example 

Factory 
Wages 

Material 

Profit 

Units Produced 
A


2000


3000


1000

1000

B


1400


2400


1000

800

Show also the cost & profit per unit. 

	Items
	Factory

	
	A (Rs)
	B (Rs)

	Wages 
	2000
	1400

	Material 
	3000
	2400

	Profit
	1000
	1000

	Total Cost
	6000
	4800

	Unit Price
	1000
	800

	Cost/Unit
	06
	06
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b) Square Diagram: Since length & breadth of a square are equal each side of the square is calculated proportional to the square root of the value area it represents. This method is used , when it is required to compare two quantities large in magnitude & bear a ratio of 100: 10, 000
Example 
	Country
	Import
	Square Root of the Figure
	Length of the Side of the Square in cm

	USA
	1000
	100
	6.7

	Russia
	3600
	60
	4

	UK
	1225
	35
	2.3

	Germany
	625
	25
	1.7






c) Circles (Pie) Diagram: Are drawn on the basis of their radii because area of a circle varies as square of its radius. 
Method # 1
1)  Calculate the square roots of  given figures 

2   Divide these square roots by some convenient to figure (I.e Area of circle = 2Ω r2 ) so as to obtain radii of various circles. 

3) Draw circles with obtain radii. 
Method # 2

1) Calculate angles of the sector (i.e  Component × 360)
                                                                Total 

2) Taking sum of given figures. 

3) Draw circles with obtained figures. 

Example
	Country
	Production
	Angles of Sector

	Cuba  
	32
	130.9

	Java 
	30
	122.7

	India 
	20
	81.8

	Australia 
	5
	20.5

	Egypt 
	1
	4.1

	Total 
	88
	360.0
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3) Three Dimensional Diagram: Are those in which three dimensions is length, breadth & thickness are taken into account e.g cubes, spheres or cylinder etc. As in these diagrams volume is taken into account that is why they are also called volume diagrams. These are of great use when the difference between the smallest & largest figure is very great. e.g  3√1    3√729 or 1:9
In order to construe there types of data, we take cube roots of the figures. The cube roots of the figure will give the length of the sides of various cubes. 

Example 

	Area
	Population of the three Goal Farm Area

	
	Population
	Cube-root
	Size of cube in units.

	A
	512 000
	80
	1.6

	B
	216000
	60
	1.2
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Pictogram: when relative values of items are represented by pictures, they are known as pictograms. The size of the different pictures should be in proportion to the values of the various items which are represented in the pictograms. If the population of livestock is in the ratios of 3:5:4, we should draw a picture of 3 person, 5 person, & 4 persons. 
Example 




Census 


Population (Million)

1951 34
1961 43

1972 65

Cartograms: Numerical data are generally represented in a beautiful & attractive manner by means of maps or cartogram the distribution of rainfall in various regions of Pakistan & the production of berreem in various districts of Pakistan can be shown with the help of maps or putting dots, one dot may represent one station/people/area etc. 
Graphic Representation of Data 

A graph is a device used for representing statistical data simple, clear & effective manner. A graph consists of curves or straight lines to light the salient features of the data at a glance & render comparison of two or more quantities. They provide a very useful method of showing fluctuations & trends in statistical data. 
Types of Graphs 

Following are the important types of graphs. 
1. Graphs of Time Series 
a)  Historigram: When series of observations of the same phenomena arranged in accordance with its time of occurrence & presented through graph is called histrigram.
Example

	Years
	1910
	1912
	1913
	1914
	1915
	1916

	Sales

(Rs in lacs)
	130
	142
	180
	172
	165
	190


Construct histrigram of the above given data. 
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2) Graphs of Frequency Distribution
a) Histogram: A histogram consists of a set of adjacent rectangle having bases along the X-axis with centres at the class marks & length equal to the class interval sizes. Area of each rectangle is proportional to its class frequency. Here various rectangles are joined tighter & so no blank space is left in between them. This gives an impression of continuity of distribution. 
Example # 1
	Marks 
	0-5
	5-10
	10-15
	15-20
	20-25
	25-30
	30-35

	No. of Students 
	5
	16
	29
	43
	26
	17
	4
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Example # 2
	Class
 (Wages in Rs)
	Frequency

	4-7
	9

	7-13
	24

	13-18
	25


Construct Histogram of unequal internal. 
	Class

(Wages in Rs)
	Frequency

(No. of Labour)
	Class Interval Size 
	Frequency Density 

	4-7
	9
	3
	9/3 = 3

	7-13
	24
	6
	24/6 = 4

	13-18
	25
	5
	25/5 = 5





b) Frequency Polygon: It is a line graph of class frequency plotted against marks. It is drawn when the mid points at the heights of the class interval rectangles are joined by straight lines. 

Example

	Marks 
	0-5
	5-10
	10-15
	15-20
	20-25
	25-30
	30-35
	35-40

	No. of Students 
	5
	15
	25
	35
	40
	20
	10
	5


Construct frequency polygon of the given data. 
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	Marks
	No. of Students
	Mid Point

	0-5
	5
	2.5

	5-10
	15
	7.5

	10-15
	25
	12.5

	15-20
	35
	17.5

	20-25
	40
	22.5

	25-30
	20
	27.5

	30-35
	10
	32.5

	35-40
	5
	37.5


c) Frequency Curve: A frequency curve is drawn, when mid points of the rectangles are joined together by smooth curves. 
Example

	Marks 
	No. of Students 
	Mid Points

	0-5
	5
	2.5

	5-10
	10
	7.5

	10-15
	15
	12.5

	15-20
	20
	17.5

	20-25
	25
	22.5

	25-30
	20
	27.5

	30-35
	15
	32.5

	35-40
	10
	37.5

	40-45
	5
	42.5
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d)  Cumulative Frequency Curve or Ogive: This curve is based on cumulative frequencies and as such it is called cumulative frequency curve. In order to draw such a curve the cumulative frequencies are calculated by adding a frequency of a class to the frequencies of all the succeeding classes. The cumulative frequency curve is drawn by taking the class interval along with x-axis & cumulative frequency along y-axis. The plotted points when joined by straight lines form the cumulative frequency curve. 
Example 

	Marks 
	Frequency 
	Cumulative Frequency 

	0-5
	4
	4 


	5-10
	6
	10

	10-15
	10
	20

	15-20
	16
	36

	20-25
	12
	48

	25-30
	8
	56

	30-35
	4
	60
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Example Calculate the percent contribution  of the each of milk to the total output. 
Sheep 

Goat 

Buffalo

Cow 

Camel 
Other 

130

15

10


25

30

14

Solution 

Percent contribution of each milk is given below. 

Sheep 

Goat 

Buffalo

Cow 

Camel 
Other 

58%

7%

5%


11%

13%

6%

______________________________________________________________________________
LECTURE NO. 7

Measure of Location/Central Tendency:  The tendency of the observations to cluster in the central part of the data set is called central tendency & the summary value as a measure of central tendency. Since a measure of central tendency indicates the location or general position of the distribution or the data set in the range of observation, it is also known as a measure of location or position. The common measures of central tendency are; 
1) Arithmetic Mean 2) Geometric Mean 3) Harmonic Mean 4) Median 5) Quartile 
1) Arithmetic Mean: An arithmetic mean or average is a single number which measures or summaries a particular characteristics of a set of observation. It is obtained by summing up the different values of the items of a variable & dividing the sum by the total number of items. Mathematically, if x1, x2-------xn are n values of a variable, then 

	A.M = 
	x1+ x2+ x3+ -------xn

	
	n


Symbolically
A.M =   Σx
(Ungrouped data or series of individual observations)

              n

If x1, x2-------xn be mid points of class interval & f1, f2-------fn be frequencies,

	A.M = 
	x1f1+ x2 2+ x3f3+ -------xnfn

	
	f1 + f2 + f3 +---------- fn


Symbolically 
A.M =   Σfx
(Grouped data or continuous/discrete series)

              Σf
Weighted Average: In this case, we assign items of series certain numerical values to express their relative importance. These numerical values are called as weights,
If x1, x2, x3, x4-------xn have weights w1, w2, w3, w4-------wn then weighted mean is 

Weighted Mean =  w1x1+ w2x2+ w3x3+ -------wnxn

                             w1 + w2 + w3 +---------- wn

Symbolically, xw =   Σwx


                                 Σw

Example1: Compute the arithmetic mean of the following 20, 25, 15, 10, 30, 20, 35, 40, 45, 50

Solution: 

Size of items (x)

No of items = n = 10

20




25


A.M =  Σx  =  290  = 29

15                                            n
10

10 
30

20

35

40

45

50
Example2: Calculate arithmetic mean of the following data. 
Class Interval: 2-6, 6-10, 10-14, 14-18, 18-22, 22-26, 26-30, 30-34

Frequency: 1, 9, 21, 47, 52, 36, 19, 3 

Solution: Calculation of arithmetic mean. 

	Class interval (h)
	Frequency (f)
	Midpoint

(x)
	Deviation from P.M (20) (Dx)
	Product (f Dx)

	2-6
	1
	4
	16
	16

	6-10
	9
	8
	12
	108

	10-14
	21
	12
	8
	168

	14-18
	47
	16
	4
	188

	18-22
	52
	20
	0
	0

	22-26
	36
	24
	4
	144

	26-30
	19
	28
	8
	152

	30-34
	3
	32
	4
	36

	Total
	-
	188
	-
	148


P.M = 20

A.M = P.M +  ΣfDx  =  20  + 148
                 n                  188

= 20-0.79 = 19.21

Example 3: Calculate the mean obtained by weighting each price by the quantity consumed. 

	Article 
	Price

 (Rs) x
	Quantity 

(mds) w
	Product 

xw

	Floor 
	5.8
	11.5
	66.7

	Ghe 
	58.4
	5.6
	327.04

	Sugar 
	8.2
	0.28
	2.296

	Potatoes 
	2.5
	0.16
	0.4

	Oil 
	20.0
	0.35
	7.0

	Total 
	-
	17.89
	403.436


2) Geometric Mean: Geometric mean, G of n variate values x1, x2, x3-------xn is the nth positive root of the product of the values. 

Symbolically 

G = n √x1, x2, x3-------xn = (x1, x2, x3-------xn) 1/n

For Example: Geometric mean of the values 1 & 4 is G = n √1*4 = (4) 1/2 = 2

When the figures are large in size & greater in number, so the geometric mean is calculated by using logarithms. 

	Log G  =
	1
	(logx1+logx2+logx3+ -------logxn)

	
	n
	


	Log G = 
	Σlogx

	
	n


	G = antilog 
	Σlogx

	
	n


When the data have been arranged into a frequency distribution logarithm of each value is to be multiplied with their corresponding frequencies. 

So (x1, x2, x3-------xn) representing the class marks with f1, f2, f3-------fn as their corresponding frequencies then, logG = 1/n (f1logx1+f2logx2+f3logx3+ -------fnlogxn)  taking antilog, then, 

G = antilog 1/n (f1logx1+f2logx2+f3logx3+ -------fnlogxn)

3) Harmonic Mean: The harmonic mean H of a set of n values x1, x2, x3-------xn  is the reciprocal  of arithmetic mean of the reciprocal of values.  

	H = 
	1

	
	1/x1 +1/x2 + ------- + 1/xn

	
	n


	1
	=
	1
	Σ
	1

	H 
	
	n
	
	H 


	H.M = 
	Σf

	
	Σf Σ(1/x)


Example1: Calculate Geometric Mean. 50, 51, 52, 53, 54.

Answers,
	Size of Items (x) 
	Logarithms 

	       
	1.6990

	51
	1.7076

	52
	1.7160

	53
	1.7243

	54
	1.7324

	H = 5
	Σlogx = 8.8793


	Geometric Mean = G = antilog
	Σlogx

	
	n


                            = antilog 8.573

                                               5

                            = 51.991

Example2): Calculate the Geometric Mean for frequency Distribution. 

	Height in Inches 
	Mid Points

 (x)
	No. of Workers

(f)
	Log 

(x)
	Product 

(flogx)

	60-62
	61
	5
	1.7853
	8.9265

	63-65
	64
	18
	1.8082
	32.5476

	66-68
	67
	42
	1.8261
	76.6962

	69-71
	70
	27
	1.8451
	49.8177

	72-74
	73
	8
	1.8633
	14.9064

	Total 
	-
	100
	-
	Σflogx = 182.8944


	Geometric Mean = G = antilog
	Σlogx

	
	n


                                  = antilog 182.8944

                                                    100

                                  = 67.45

Example: Compute Geometric & Harmonic Mean. 
	x
	f
	logx
	flog
	1/x
	f 1/x

	3.95
	1
	0.59660
	0.59660
	0.25316
	0.25316

	4.95
	4
	0.69461
	2.77844
	0.20202
	0.80808

	5.95
	5
	0.77452
	3.87200
	0.16807
	0.84035

	6.95
	13
	0.84198
	10.94574
	0.14388
	1.87044

	7.95
	12
	0.90037
	10.80444
	0.12587
	1.50948

	8.95
	9
	0.95182
	18.08458
	0.11173
	2.12287

	9.95
	13
	0.99782
	12.97166
	0.10050
	1.30650

	10.95
	10
	1.03945
	10.39450
	0.00132
	0.91320

	11.95
	6
	1.07740
	6.46440
	0.8368
	0.50208

	12.95
	4
	1.11229
	4.44916
	0.07722
	0.30888

	13.95
	1
	1.14459
	1.14459
	0.07168
	0.07168

	Total 
	88
	-
	82.50671
	-
	10.5067



	Geometric Mean = G = antilog
	Σflogx

	
	n


                                  = antilog 82.50671

                                                     88

                                  = 0.93758

	Harmonic Mean = h = reciprocal 
	Σf1/x

	
	n


                                  =  10.50672

                                           88

                                  = 8.38

4) Median: Median is defined as a value which divides a data set have been ordered into two equal parts, one part comprising of observations greater than & the other part smaller than it. 

Computation of Median

a) Median in ungrouped data. 

i)  Median = the value of  (n + 1) th item when n is odd 

                                                        2

ii) Median = the value of 1/2 [n/2 + (n + 1)] th item when n is even. 

                                                               2

b) Median for grouped data 
i) Discrete Series: In this case, the values are arranged in ascending or descending order of magnitude. Their corresponding frequencies are writher against each. The frequencies are then cumulated & the value of the middle item is located by using a formulae for finding median in the series of individual observation. 

ii) Continuous Series: In this case, the values of median lies in a class interval. To find the median from the frequency distribution, the frequency are cumulated. The median lies in the class which corresponds to the cumulative frequency. The flowing formula is used to find median. It is based on the assumption that values within the class interval are evenly distributed 

Median = l + h/f (n/2 – c)

Where 

l = lower limit of class in which median item lies 

h = class interval size of median class 

f = frequency of median class 

n = total frequency 

c = cumulative frequency of class preceding the median class 

Example1: Find median of the following figures 25, 15, 23, 40, 27, 25, 23, 25, 20

Answers, Arranging the figures in ascending order of magnitude 

Serial number 1 2 3 4 5 6 7 8 9

Size of items 15 20 23 23 25 25 25 27 40 

n = 9 = odd 

Md = size of (n + 1/2) th item = size of (9 + 1/2) th item = size of 5th item Md = 25

Example 2: Find the median for the set of values given 3, 9, 16, 5, 7, 5, 10, 9

Answers, Arranging the set of value in asecending order. 

Series number 1 2 3 4 5 6 7 8 

Size of item 3 5 5 7 9 9 10 16 

n = 8 = even 

Median = Md = size of 1/2 [n/2 + (n+1/2)] th item = size of1/2 [8/2 + (8 + 1/2)th = size of 1/2 [4 + 5]th

Item = size of 1/2 [9] th item = size of 4.5 th item = average of 4th & 5th item 

Median = 7 + 9/2 = 8

Example 3: Calculate the median from the following data 

Marks 0-5, 5-10, 10-15, 15-20, 20-25, 25-30, 30-35

No. of students 4 6 10 16 12 8 4

Solution: Calculation of Median. 

	Marks 
	No. of Students

 (f)
	Cumulative Frequency

 (cf) 

	0-5
	4
	4 = 4

	5-10
	6
	4 + 6 = 10

	10-15
	10
	10 + 10 = 20

	15-20
	16
	16 + 20 = 36

	20-25
	12
	12 + 36 = 48

	25-30
	8
	8 + 48 = 56

	30-35
	4
	4 + 56 = 60


Σf = 60,
n = 60 = even

Median = size of 1/2 [n/2 + n+1/2] th item = size of 1/2 [60/2 + (60 + 1/2)]th  = size of 

1/2 [30 + 31] th item = size of 1/2 (61) th item = size of 30.5 th or median = n/2 = 60/2 = 30

Median lies in the group (15-20)

Median = l +h/f (n/2 –c) = 15 + 5/16 (30-20) = 18

5) Mode: Mode is defined as the size of variable, which occurs in the data most frequently or to the point of maximum is a series. There may be either no mode or one or more than one mode. A distribution having one mode is called uni-moded distribution. 

Example: Determine mode from the following data 65, 72, 80, 81, 80, 78, 80, & 67

Answers: Mode = 80

A distribution having two models is called bi-model distribution & a distribution having more than two models is called multi-model distribution. 

For grouped data, mathematically 

	Mode =
	l +
	fm-f1
	×  h

	
	
	(fm-f1) + (fm-f2)
	


L  = lower limit of the model class 

fm = frequ3ency of the model class 

f1 = frequency of class preceding the model class 

f2 = frequency of the class following the model class 

h  = class interval size of the model class 

Mode = 3 median –2 arithmetic mean

Methods of Calculating Mode: there are three methods; 

1. By formula 2. By grouping  3. By graph. 

Example1: Calculate the mode from the following data; 

Heights (inches):  63 64 65 66 67 68 69 70 71 

No. of boys:          4 6 10 20 30 13 12 3 2 

Solution, Calculate of mode by method grouping 

	Height (inches) 
	Frequency (No. of Boys) 

	
	I
	II
	III
	IV
	V
	VI

	63
	4
	10
	
	20
	
	

	64
	6
	
	16
	
	36
	

	65
	10
	30
	
	
	
	60

	66
	20
	
	50
	63
	
	

	67
	30
	43
	
	
	55
	

	68
	13
	
	25
	
	
	28

	69
	12
	15
	
	17
	
	

	70
	3
	
	5
	
	
	

	71
	2
	
	
	
	
	


Analysis Table 

	Column 
	Size of item containing maximum frequency 

	I
	                67

	II
	               67, 68

	III
	         66, 67

	IV
	        66, 67, 68

	V
	              67, 68, 69

	VI
	65, 66,  67


From the table, the size of item 67 occurs maximum times. Thus mode is 67

Example2: From analysis table, we can find the group (40-55) occurs maximum time, thus mode group is (40-55), if calculated mode by formula method as follows;

Solution:  

	Mode =
	l +
	fm-f1
	×  h

	
	
	(fm-f1) + (fm-f2)
	


	    fm = 44, h =15

    f1 = 20,  l = 40

    f2 = 26


	Mode =
	40 +
	44-20
	× 15

	
	
	(44-20) + (44-26)
	


	Mode =
	40 +
	24
	× 15
	= 48.55

	
	
	42
	
	


Empirical relation between mean, median & mode:  In a single-peaked frequency distribution the value of the mean, median & mode coincide if the frequency is absolutely symmetrical. But if these values different, the frequency distribution is said to be skewed or asymmetrical. 


Y

      X

                             Mode         Median Mean 

Experience tells us that is a unimodel curve of modal to skew ness, the median is usually sandwiched between the mean & the mode & between then the following appropriate relation holds good. 

Mean – mode = 3(mean – median) or mode = 3 median – 2 mean 
LECTURER NO. 8
MEASURE OF VARIABILITY 
The most common measures of variability/ dispersion are: 

1. Range 
2. Inter-Quartile Range 

3. Semi Inter Quartile Range 

4. Mean Deviation 

5. Standard Deviation 

1. Range: It is the difference between the maximum & minimum values of the item in a series. Mathematically, it can be written as Range = R2 – R1 (or Rmax – Rmin) or Xm –Xo where R2 or Xm stands for the largest observation & R2 or Xo denotes the smallest one. 
Co-efficient of dispersion/variability = (Xm-Xo)/ (Xm + Xo) Difference 

2. Inter-Quartile Range (IQR): It is the difference between third & first quartiles. 
      IQR = Q3 –Q1

3. Semi-Inter-Quartile Range (SIQR): It is one half of the difference between third & First quartiles. It is also known as Quartile Deviation. Mathematically, it can written as, 
SIQR = (Q3 –Q1)/2
Co-efficient of Quartile Deviation = (Q3 –Q1)/ (Q3 + Q1)
4. Mean Deviation: Mean Deviation, also known average deviation of series, is the average of deviations from the central value either from mean, median or mode. 

             Σ    x1-x 


M.D =      _________             for sample data 
                    n






             Σ    x1-x 

 

M.D =      _________        
for Population data
                  N

          Σf1    x1-x 

 

M.D =      _________        
for grouped frequency distribution. 
                  n

 S. Standard Deviation: The positive square root of the variance is called standard deviation, symbolically, 

б =  √ Σ (x1 –x)2/ n     for sample data. 
б =  √ Σ (x1 –μ)2/ N 
   for population data

             OR

б = √ Σ (d2 x)/ n
where б = standard Deviation, έ d2x = sum of the square of deviation from arithmetic mean , n = No of items

б = √ Σ fd
          Σf
Where it is deviation of a mid point of class interval from provisional mean. 
Variance: Variance of a set of observation is defined as the mean of the square of deviations of all the observations from the mean. When it is calculated from the entire population, the variance is called the population variance. 

S2 = Σ (x1 –x)2/n        for sample data. 

б2 = Σ (x1 –μ)2/ N 
    for population data

Numerical Examples 
Example # 1 The marks obtained by 9 students are given below

45, 32, 37, 46, 39   36, 41, 48, 36

Find the Range & Co-efficient of dispersion/variation/range.

Ans: R = Xm – Xo      R= 48 -32 =16 Marks 

Co-efficient of dispersion/variation range = Xm –Xo =  48-32  =  0.2

                                                                       Xm + Xo
  48+32

Example # 2 Calculate the Semi-inter quartile range of the following 

20, 25, 26, 21, 27, 30, 28   here n = 7 = odd

Ans: Serial No.  1
2
3
4
5
6
7

         X
     20
21
25
26
27
28
30

Q1 = size of (n+1)/4th item  = size of (7+1)/4 th item  = size of 2nd item =21
Q3 = size of 3(n+1)/4 th item  = size of 3(7+1)/4 th item  = size of 6th item =28
Semi-Inter-Quartile Range = (Q3 – Q1)/2 =    (28-21)/2  = 7/2   = 3.5
Example # 3 Calculate the semi-inter-quartile range & quartile co-efficient of the following. 
Age 


20
30
40
50
60
70
80

No. of Members 
3
61
132
153
140
51
2
Solution 

Calculate of Semi-Inter-Quartile range & its Co-efficient. 
	Age
(x)
	No. of Members
(f)
	Cumulative Frequency
(cf)

	20
	3
	3

	30
	61
	64

	40
	132
	196

	50
	153
	349

	60
	140
	489

	70
	51
	540

	80
	2
	542

	
	               Σf = 542
	


Q1 = age of n/4 th item  = age of 542/4 th item  = age of 135 th  item = 40
Q3 = age of 3n/4 th item  = age of 3(542)/4 th item  = age of 406.5  th  item = 60
Semi-Inter-Quartile Range = (Q3 – Q1)/2 =    (60-40)\2 = 20/2   = 10
Co-efficient of Q.D = (Q3 –Q1)/(Q3+Q1)  = (60-40)/(60+40) = 20/100 = 0.2
Example # 4 Calculate the Quartile Deviation for wages.

Wages (Rs) 
30-32
  32-34  34-36  36-38  38-40  40-42   42-44
Labourers 
12
     18
     16        14       12       8          6

Also calculate quartile co-efficient of dispersion. 
Solution: Calculation of Quartile Deviation. 

	Wages (Rs)
	Frequency (f)
	Cumulative Frequency (cf)

	30-32
	12
	12

	32-34
	18
	30

	34-36
	16
	46

	36-38
	14
	60

	38-40
	12
	72

	40-42
	8
	80

	42-44
	6
	86

	
	                Σf = 86 
	


Q1 = size of n/4 th item = size of 86/4 th item = size of 21.50 th item 
Q1 lies in the group 32-34

Q1 = l1 + (l2 –l1)/f1 (q1 –c) = 32 + (34 -32)/18 (21.5) -12 = 33.05 Rupees. 
Q3 = size of 3n/4 th item = size of 3(86)/4 th item = size of 64.5 th item. 

Q3= l1 + (l2 –l1)/f1 (q1 –c) lies in the group (38-40)
Q3 = 38 + (40 -38)/12 (64.50 -60)= 38.75 Rupees

Quartile f1 Deviation = (Q3 –Q1)/2 = (38.75 -33.05)/2 =2.85
Co-efficient of Quartile Deviation  = (Q3 –Q1)/(Q3+Q1) = 
(38.75) – (33.05)/(38.75) +(33.05)  = 0.08
Example # 5 Calculate Mean Deviation of the following data. 
Marks 
68
49
32
21
54
38
59
66
68
Solution: Calculate of mean deviation. 
	Serial No.
	Marks x
	Deviation from mean dx

	1
	21
	26

	2
	27
	20

	3
	38
	9

	4
	41
	6

	5
	49
	2

	6
	54
	7

	7
	59
	12

	8
	66
	19

	9
	68
	21

	Total 
	423
	122


Arithmetic Mean = 423/9 = 47

Mean Deviation = Σ    dx   

                                                        =  122/9 = 13.5
                                          n
Example # 6 Calculate mean deviation from the median. 
Size of Item 
4
5
6
7
8
9
10
11

Frequency 
2
3
5
8
6
4
2
1

Solution: Calculation of Mean Deviation 
	Size of Item 
(x)
	Frequency 
(f)
	Cumulative Frequency 
(cf)
	Deviation from Mean 

(7)
	(f x- x   )

	4
	2
	2
	3
	6

	5
	3
	5
	2
	6

	6
	5
	10
	1
	5

	7
	8
	18
	0
	0

	8
	6
	24
	1
	6

	9
	4
	28
	2
	8

	10
	2
	30
	3
	6

	11
	1
	31
	4
	4

	Total 
	31
	
	
	41


Median = size of (n+1)/2 th item  = size of 32/2 th item = 7

          Σf1    x1-x 

 

M.D =      _________        
 

                  n

           M.D = 41/31  = 1.32 

Lecture No. 9 and 10

Sampling Distribution of Mean.
Sampling distribution of mean is the probability distribution or the relative frequency distribution
of the mean X of all the possible random samples of sample size that could be selected from given population.
Sampling distribution with replacement: Sampling with replacement is that in which each sampling unit of a population may be chosen more than once.
For example, if we draw a sampling unit from a finite population and return it again to the population before a second drawing is made, obviously by this method each sampling unit can be chosen more than once. This is called sampling with replacement.

Sampling distribution without replacement: On the other hand, sampling without replacement is that in which each sampling unit cannot be chosen than once. This is known as sampling without replacement.

Example 1: A population consists of the five numbers 2,3,6,8,11. Consider all possible sample of size two which can be chosen with replacement form population.
Find a) Mean of population  b) Standard population of population  c) Mean of sample distribution of population  d) The standard deviation of sampling distribution of mean i.e Standard error of mean.
Solution: a) Mean of population  μ = Σx/ N   = (2+3+6+8+11)/ 5 = 30/5 = 6
b) Standard deviation of population б = √ Σ (x –μ)2/N = √ {(2-6)2 + (3-6)2 + (8-6)2 + (11-6)2}/5
                                                             = 3.29

c) There are 52 = 25 sample of size two which can be drawn with replacement.
(2,2), (2,3), (2,6), (2,8), (2,11)

(3,2), (3,3), (3,6), (3,8), (3,11)
(6,2), (6,3), (6,6), (6,8), 6,11)

(8,2), (8,3), (8,6), (8,8), 8,11)

(11,2), (11,3), (11,6), (11,8), 11,11)

The corresponding sample mean are;
2.0, 2.5, 4.0, 5.0, 6.5

2.5, 3.0, 4.5, 5.5, 7.0

4.0, 4.5, 6.0, 7.0, 8.5

5.0, 5.5, 7.0, 8.0, 9.5

6.5, 7.0, 8.5, 9.5, 11.0

μx = Σ x/ n = Sum of sampling means in (A) above/ 25 = 150/25= 6.0
d) The variance бx of the sampling distribution of mean is obtained by subtracting the mean μ from each number in (A), squaring the results, adding all 25 numbers thus obtained and dividing by 25.
б 2/x = √ {Σ (x-μ)2} / n = 135/25 = 5.40 so that б x = √ 5.40 = 2.32

Example 2.  A population consists of the five numbers 2,3,6,8,11. Consider all possible sample of size two which can be chosen without replacement form population.

Find a) Mean of population  b) Standard population of population  c) Mean of sample distribution of population  d) The standard deviation of sampling distribution of mean i.e Standard error of mean.

Solution: a) Mean of population  μ = Σx/ N   = (2+3+6+8+11)/ 5 = 30/5 = 6

b) Standard deviation of population б = √ Σ (x –μ)2/N = √ {(2-6)2 + (3-6)2 + (8-6)2 + (11-6)2}/5

                                                             = 3.29

c) There are 5C2 = 10 sample of size two which can be drawn with replacement.

(2,3), (2,6), (2,8), (2,11)

(3,6), (3,8), (3,11)

(6,8), (6,11)

(8,11)
The corresponding sample mean are;

2.0, 2.5, 4.0, 5.0, 6.5

2.5, 3.0, 4.5, 5.5, 7.0

4.0, 4.5, 6.0, 7.0, 8.5

5.0, 5.5, 7.0, 8.0, 9.5

6.5, 7.0, 8.5, 9.5, 11.0

μx = Σ x/ n = Sum of sampling means in (A) above/ 25 = (2.5 +5.0 + -----+ 11.0)/10 =6.0

d) The variance бx of the sampling distribution of mean is obtained by subtracting the mean μ from each number in (A), squaring the results, adding all 25 numbers thus obtained and dividing by 25.

б 2/x = √ {Σ (x-μ)2} / n = (2.5-6.0) + (4.0-6.0) +-----+ (9.5-6.0)/10 = 4.05 

So that б x = √ 4.05 = 2.01
----------------------------------------------------------------------------------------------------------------------

Testing Hypothesis

Hypothesis testing is a procedure which enables us to decide on the basis of information obtained form sample data whether to accept or reject a statement. 

Null Hypothesis 
It is generally denoted by Ho in any hypothesis which is to be tested for possible rejection under the assumption that it is true i.e Ho is the hypothesis of no effect. Symbolically,

Ho: μ ≠ 62

Alternate Hypothesis

It is one which provides a basis for testing null hypothesis. Every test-statistics has a probability (Sampling) distribution which gives the probability of obtaining a specific value of the test statistics, when the null hypothesis is true. 

e.g T-test, Z-Test, F-Test etc. 

Acceptance & Rejection Region

All possible values which a test- statistics may assume can be divided into two mutually exclusive groups. One group consisting of values which appear to be consistent with the null hypothesis, and the other having values which are unlikely to occur if Ho is true. 

Significance Level 

Significance level of a test is the probability used as a standard for rejecting a null hypothesis Ho when Ho is assumed to be true. 

General Procedure for Testing Hypothesis

The procedure for testing a hypothesis about a population parameter involves the following six steps, 

1. State your problem & formulate an appropriate null hypothesis Ho with an alternative hypothesis H1, which to be accepted when Ho is rejected.

2. Decide upon a significance level, α of the test, which is probability of rejecting the null hypothesis if it is true. 

3. Choose an appropriate test-statistics, determine & sketch the sampling distribution of the test-statistics, assuming Ho is true. 

4. Determine the rejection or critical region in such a way that a probability of rejecting the null hypothesis Ho, if it is true, is equal to the significance level, α the location of the critical region depends upon the form of H1. The significance level will separate the acceptance region from the rejection region. 

5. Compute the value of the test-statistics from the sample data in order to decide whether to accept or reject the null hypothesis Ho.

6. Formulate the decision rule as below. 

a) Reject the null hypothesis Ho, if the computed value of the test-statistics falls in the rejection region & conclude that H1 is true. 

b) Accept the null hypothesis Ho, otherwise when a hypothesis is rejected, we can give α measure of the strength of the rejection by giving the P-value, the smallest significance level at which the null hypothesis is being rejected. 

Example 
A random sample of n = 25 values gives x = 83 can this sample be regarded as drawn from normal population with mean μ = 80 & б =7 

Solution 

i) We formulate our null & alternate hypothesis as μ = 80 and μ ≠ 80 (two sided).

ii) We set the significance level at α = 0.05 

iii) Test-statistics is to be used is Z = (x-μ)/б/√n, which under the null hypothesis is a standard normal variable. 


iv) The critical region for α = 0.05 is     z    ≥ 1.96 , the hypothesis will be rejected if, for the sample,  z       ≥ 1.96.

v) we calculate the value of Z from the sample data 

vi) Conclusion: Since our calculated value Z = 2.14 falls in the critical region, so we reject our null hypothesis Ho: μ = 80 & accept H1 : μ ≠ 80. We may conclude that the sample with x = 83 cannot be regarded as drawn from the population with μ = 80
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