
“Statistics in Social Science”.

In Section 1 of this course you will cover these topics:
Displaying The Order In A Group Of Numbers Using Tables And Graphs

The Mean, Variance, Standard Deviation, And Z Scores

Correlation And Prediction

Topic : Displaying The Order In A Group Of Numbers Using Tables And Graphs

Topic Objective:

At the end of this topic students will be able to:

 Define group of numbers

 Understand the overview

Definition/Overview:

Group of Numbers: In relational databases and flat file databases, a table is a set of data

elements (values) that is organized using a model of vertical columns (which are identified by

their name) and horizontal rows. A table has a specified number of columns, but can have any

number of rows. Each row is identified by the values appearing in a particular column subset

which has been identified as a candidate key.

Table is another term for relations; although there is the difference in that a table is usually a

multi-set (bag) of rows whereas a relation is a set and does not allow duplicates. Besides the

actual data rows, tables generally have associated with them some meta-information, such as

constraints on the table or on the values within particular columns.

The data in a table do not have to be physically stored in the database. Views are also

relational tables, but their data are calculated at query time. Another example arenicknames,

which represent a pointer to a table in another database.
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Key Points:

1. Overview:

In terms of the relational model of databases, a table can be considered a convenient

representation of a relation, but the two are not strictly equivalent. For instance, an SQL table

can potentially contain duplicate rows, whereas a true relation cannot contain duplicate

tuples. Similarly, representation as a table implies a particular ordering to the rows and

columns, whereas a relation is explicitly unordered. However, the database system does not

guarantee any ordering of the rows unless an ORDER BY clause is specified in the SELECT

statement that queries the table.

An equally valid representation of a relation is as an n-dimensional graph, where n is the

number of attributes (a table's columns). For example, a relation with two attributes and three

values can be represented as a table with two columns and three rows, or as a two-

dimensional graph with three points. The table and graph representations are only equivalent

if the ordering of rows is not significant, and the table has no duplicate rows.

In non-relational systems, such as hierarchical databases, the distant counterpart of a table is a

structured file, representing the rows of a table in each record of the file and each column in a

record.

Unlike a spreadsheet, the datatype of each field is ordinarily defined by the schema

describing the table. Some relational systems are less strict about field datatype definitions.

Topic : The Mean, Variance, Standard Deviation, And Z Scores

Topic Objective:

At the end of this topic students will be able to:

 Define and understand the mean

 Define and understand variations

 Define and understand standard deviation

 Define and understand z-scores
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Definition/Overview:

Mean and Variance: In statistics, mean has two related meanings:

 the arithmetic mean (and is distinguished from the geometric mean or harmonic mean)

 the expected value of a random variable, which is also called the population mean.

It is sometimes stated that the 'mean' means average. This is incorrect if "mean" is taken in

the specific sense of "arithmetic mean" as there are different types of averages: the mean,

median, and mode. For instance, average house prices almost always use the median value

for the average.

For a real-valued random variable X, the mean is the expectation of X. Note that not every

probability distribution has a defined mean (or variance); see the Cauchy distribution for an

example.

For a data set, the mean is the sum of the observations divided by the number of observations.

The mean is often quoted along with the standard deviation: the mean describes the central

location of the data, and the standard deviation describes the spread.

An alternative measure of dispersion is the mean deviation, equivalent to the average absolute

deviation from the mean. It is less sensitive to outliers, but less mathematically tractable.

As well as statistics, means are often used in geometry and analysis; a wide range of means

have been developed for these purposes, which are not much used in statistics. These are

listed below.

Key Points:

1. Mean

The mean may often be confused with the median or mode. The mean is the arithmetic

average of a set of values, or distribution; however, for skewed distributions, the mean is not

necessarily the same as the middle value (median), or the most likely (mode). For example,

mean income is skewed upwards by a small number of people with very large incomes, so

that the majority have an income lower than the mean. By contrast, the median income is the

level at which half the population is below and half is above. The mode income is the most
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likely income, and favors the larger number of people with lower incomes. The median or

mode are often more intuitive measures of such data.

2. Variations

In probability theory and statistics, the variance of a random variable, probability distribution,

or sample is one measure of statistical dispersion, averaging the squared distance of its

possible values from the expected value (mean). Whereas the mean is a way to describe the

location of a distribution, the variance is a way to capture its scale or degree of being spread

out. The unit of variance is the square of the unit of the original variable. The positive square

root of the variance, called the standard deviation, has the same units as the original variable

and can be easier to interpret for this reason.

The variance of a real-valued rand

Topic : Correlation And Prediction

Topic Objective:

At the end of this topic students will be able to:

 Define and understand the correlation

 Define and understand the prediction

Definition/Overview:

Correlation and Prediction: In probability theory and statistics, correlation, (often measured

as a correlation coefficient), indicates the strength and direction of a linear relationship

between two random variables. In general statistical usage, correlation or co-relation refers to

the departure of two variables from independence. In this broad sense there are several

coefficients, measuring the degree of correlation, adapted to the nature of data.

A number of different coefficients are used for different situations. The best known is the

Pearson product-moment correlation coefficient, which is obtained by dividing the

covariance of the two variables by the product of their standard deviations.
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A prediction is a statement or claim that a particular event will occur in the future in more

certain terms than a forecast. The etymology of this word is Latin (from pr- "before" plus

dicere "to say"). Niels Bohr stated "Prediction is very difficult, especially if it's about the

future."

Key Points:

1. Correlation

The correlation is defined only if both of the standard deviations are finite and both of them

are nonzero. It is a corollary of the Cauchy-Schwarz inequality that the correlation cannot

exceed 1 in absolute value. The correlation is 1 in the case of an increasing linear

relationship, −1 in the case of a decreasing linear relationship, and some value in between in

all other cases, indicating the degree of linear dependence between the variables. The closer

the coefficient is to either −1 or 1, the stronger the correlation between the variables.

If the variables are independent then the correlation is 0, but the converse is not true because

the correlation coefficient detects only linear dependencies between two variables. Here is an

example: Suppose the random variable X is uniformly distributed on the interval from −1 to

1, and Y = X2. Then Y is completely determined by X, so that X and Y are dependent, but

their correlation is zero; they are uncorrelated. However, in the special case when X and Y

are jointly normal, uncorrelatedness is equivalent to independence. A correlation between

two variables is diluted in the presence of measurement error around estimates of one or both

variables, in which case disattenuation provides a more accurate coefficient.

1.1 Correlation and causality

The conventional dictum that "correlation does not imply causation" means that

correlation cannot be validly used to infer a causal relationship between the variables.

This dictum should not be taken to mean that correlations cannot indicate causal

relations. However, the causes underlying the correlation, if any, may be indirect and

unknown. Consequently, establishing a correlation between two variables is not a

sufficient condition to establish a causal relationship (in either direction).

A correlation between age and height in children is fairly causally transparent, but a

correlation between mood and health in people is less so. Does improved mood lead
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to improved health; or does good health lead to good mood; or both? Or does some

other factor underlie both? Or is it pure coincidence? In other words, a correlation can

be taken as evidence for a possible causal relationship, but cannot indicate what the

causal relationship, if any, might be.

1.2 Correlation and linearity

While Pearson correlation indicates the strength of a linear relationship between two

variables, its value alone may not be sufficient to evaluate this relationship, especially

in the case where the assumption of normality is incorrect.

The image on the right shows scatterplots of Anscombe'squartet, a set of four

different pairs of variables created by Francis Anscombe. The four y variables have

the same mean (7.5), standard deviation (4.12), correlation (0.81) and regression line

(y = 3 + 0.5x). However, as can be seen on the plots, the distribution of the variables

is very different. The first one (top left) seems to be distributed normally, and

corresponds to what one would expect when considering two variables correlated and

following the assumption of normality. The second one (top right) is not distributed

normally; while an obvious relationship between the two variables can be observed, it

is not linear, and the Pearson correlation coefficient is not relevant. In the third case

(bottom left), the linear relationship is perfect, except for one outlier which exerts

enough influence to lower the correlation coefficient from 1 to 0.81. Finally, the

fourth example (bottom right) shows another example when one outlier is enough to

produce a high correlation coefficient, even though the relationship between the two

variables is not linear.

2. Prediction

A prediction is a statement or claim that a particular event will occur in the future in more

certain terms than a forecast. The etymology of this word is Latin (from pr- "before" plus

dicere "to say"). Niels Bohr stated "Prediction is very difficult, especially if it's about the

future.
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2.1 Informal prediction from hypothesis

Outside the rigorous context of science, prediction is often confused with informed

guess or opinion. A prediction of this kind might be valid and useful if the predictor is

a knowledgeable person in the field and is employing sound reasoning and accurate

data. Large corporations invest heavily in this kind of activity to help focus attention

on possible events, risks and business opportunities, using futurists. Such work brings

together all available past and current data, as a basis on which to develop reasonable

expectations about the future.

2.2 Opinion Polls

In politics it is common to attempt to predict the outcome of elections via Political

Forecasting techniques (or assess the popularity of politicians) through the use of

opinion polls. Prediction games have been used by many corporations and

governments to learn about the most likely outcome of future events with amazing

accuracy.

2.3 Supernatural (prophecy)

Predictions have often been made, from antiquity until the present, by resorting to

paranormal or supernatural means, such as prophecy or by observing omens.

Disciplines including water divining, astrology, numerology, and fortune telling,

along with many other forms of divination, have been used for centuries or even

millennia to predict or attempt to predict the future. So far none of these means of

prediction have been proven under controlled conditions and are heavily criticised by

scientists and skeptics.

2.4 Anticipatory science forecasts

In a scientific context, a prediction is a rigorous, (often quantitative), statement

forecasting what will happen under specific conditions, typically expressed in the

form If A is true, then B will also be true. The scientific method is built on testing

assertions which are logical consequences of scientific theories. This is done through

repeatable experiments or observational studies.
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A scientific theory whose assertions are not in accordance with observations and

evidence will probably be rejected. Theories that make no testable predictions remain

protosciences until testable predictions become known to the community.

Additionally, if new theories generate many new predictions, they are often highly

valued, for they can be quickly and easily confirmed or falsified (see predictive

power). In many scientific fields, desirable theories are those which predict a large

number of events from relatively few underlying principles.

Quantum physics is an unusual field of science because it enables scientists to make

predictions on the basis of probability. Mathematical models and computer models are

frequently used to both describe the behaviour of something, and predict its future

behaviour. In microprocessors, branch prediction permits to avoid pipeline emptying

at branch instructions. Engineering is a field that involves predicting failure and

avoiding it through component or system redundancy.

Some fields of science are notorious for the difficulty of accurate prediction and

forecasting, such as software reliability, natural disasters, pandemics, demography,

population dynamics and meteorology.

In Section 2 of this course you will cover these topics:
Some Key Ingredients For Inferential Statistics: The Normal Curve, Sample Versus
Population, And Probability

Introduction To Hypothesis Testing

Hypothesis Tests With Means Of Samples

Topic : Some Key Ingredients For Inferential Statistics: The Normal Curve, Sample

Versus Population, And Probability

Topic Objective:

At the end of this topic students will be able to:

 Define and understand the normal distribution

 Define and understand the characterization of normal distribution
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 Define and understand the probability density function

 Define and understand the cumulative distribution function

 Define and understand the probability

 Define and understand the probability theory

Definition/Overview:

Normal Distribution: The normal distribution, also called the Gaussian distribution, is an

important family of continuous probability distributions, applicable in many fields. Each

member of the family may be defined by two parameters, location and scale: the mean

("average",μ) and variance (standard deviation squared) σ2, respectively. The standard

normal distribution is the normal distribution with a mean of zero and a variance of one (the

red curves in the plots to the right). Carl Friedrich Gauss became associated with this set of

distributions when he analyzed astronomical data using them, and defined the equation of its

probability density function. It is often called the bell curve because the graph of its

probability density resembles a bell.

Key Points:

1. Normal distribution

The importance of the normal distribution as a model of quantitative phenomena in the

natural and behavioral sciences is due to the central limit theorem. Many measurements,

ranging from psychological to physical phenomena (in particular, thermal noise) can be

approximated, to varying degrees, by the normal distribution. While the mechanisms

underlying these phenomena are often unknown, the use of the normal model can be

theoretically justified by assuming that many small, independent effects are additively

contributing to each observation.

The normal distribution also arises in many areas of statistics. For example, the sampling

distribution of the sample mean is approximately normal, even if the distribution of the

population from which the sample is taken is not normal. In addition, the normal distribution

maximizes information entropy among all distributions with known mean and variance,

which makes it the natural choice of underlying distribution for data summarized in terms of

sample mean and variance. The normal distribution is the most widely used family of
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distributions in statistics and many statistical tests are based on the assumption of normality.

In probability theory, normal distributions arise as the limiting distributions of several

continuous and discrete families of distributions.

In statistics, a sample is a subset of a population. Typically, the population is very large,

making a census or a complete enumeration of all the values in the population impractical or

impossible. The sample represents a subset of manageable size. Samples are collected and

statistics are calculated from the samples so that one can make inferences or extrapolations

from the sample to the population. This process of collecting information from a sample is

referred to as sampling.

The best way to avoid a biased or unrepresentative sample is to select a random sample, also

known as a probability sample. A random sample is defined as a sample where the

probability that any individual member from the population being selected as part of the

sample is exactly the same as any other individual member of the population. Several types of

random samples are simple random samples, systematic samples, stratified random samples,

and cluster random samples.

A sample that is not random is called a nonrandom sample or a nonprobability sample. Some

examples of nonrandom samples are convenience samples, judgment samples, purposive

samples, quota samples, snowball samples, and quadraturenodes in quasi-Monte Carlo

methods.

Normal Probability density function

The red line is the standard normal distribution Cumulative distribution function

Colors match the image above Parameters μlocation (real)

σ2 > 0 squared scale (real) Support Probability density function (pdf)

Cumulative distribution function (cdf)

Mean μMedian μ Mode μVariance σ2 Skewness0 Excess kurtosis
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0 Entropy Moment-generating function (mgf)

Characteristic function

1.1 Characterization of normal distribution

There are various ways to characterize a probability distribution. The most visual is

the probability density function (PDF). Equivalent ways are the cumulative

distribution function, the moments, the cumulants, the characteristic function, the

moment-generating function, the cumulant-generating function, and Maxwell's

theorem. See probability distribution for a discussion.

To indicate that a real-valued random variable X is normally distributed with mean μ

and variance σ≥ 0, we write

While it is certainly useful for certain limit theorems (e.g. asymptotic normality of

estimators) and for the theory of Gaussian processes to consider the probability

distribution concentrated at μ(see Dirac measure) as a normal distribution with mean μ

and variance σ = 0, this degenerate case is often excluded from the considerations

because no density with respect to the Lebesgue measure exists.

The normal distribution may also be parameterized using a precision parameter τ,

defined as the reciprocal of σ. This parameterization has an advantage in numerical

applications where σ is very close to zero and is more convenient to work with in

analysis as τ is a natural parameter of the normal distribution.

1.2 Probability density function

The continuous probability density function of the normal distribution is the

Gaussian function

where σ> 0 is the standard deviation, the real parameter μ is the expected value, and
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is the density function of the "standard" normal distribution: i.e., the normal

distribution with μ = 0 and σ = 1. The integral of over the real line is equal to

one as shown in the Gaussian integral article.

As a Gaussian function with the denominator of the exponent equal to 2, the standard

normal density function is an eigenfunction of the Fourier transform.

The probability density function has notable properties including:

o symmetry about its mean μ

o the mode and median both equal the mean μ

o the inflection points of the curve occur one standard deviation away from the

mean, i.e. at μ − σ and μ + σ.

1.3 Cumulative distribution function

The cumulative distribution function (cdf) of a probability distribution, evaluated at a

number (lower-case) x, is the probability of the event that a random variable (capital)

X with that distribution is less than or equal to x. The cumulative distribution function

of the normal distribution is expressed in terms of the density function as follows:

where the standard normal cdf, Φ, is just the general cdf evaluated with μ = 0 and σ =

1:

The standard normal cdfcan be expressed in terms of a special function called the

error function, as

andthe cdf itself can hence be expressed as
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The complement of the standard normal cdf, 1 − Φ(x), is often denoted Q(x), and is

sometimes referred to simply as the Q-function, especially in engineering texts. This

represents the tail probability of the Gaussian distribution. Other definitions of the Q-

function, all of which are simple transformations of Φ, are also used occasionally.

The inverse standard normal cumulative distribution function, or quantile function,

can be expressed in terms of the inverse error function:

and the inverse cumulative distribution function can hence be expressed as

This quantilefunction is sometimes called the probit function. There is no elementary

primitive for the probit function. This is not to say merely that none is known, but

rather that the non-existence of such an elementary primitive has been proven. Several

accurate methods exist for approximating the quantile function for the normal

distribution - see quantile function for a discussion and references.

The values Φ(x) may be approximated very accurately by a variety of methods, such

as numerical integration, Taylorseries, asymptotic series and continued fractions.

2. Probability

Probability is the likelihood or chance that something is the case or will happen. Probability

theory is used extensively in areas such as statistics, mathematics, science and philosophy to

draw conclusions about the likelihood of potential events and the underlying mechanics of

complex systems.

3. Probability Theory

Like other theories, the theory of probability is a representation of probabilistic concepts in

formal terms that is, in terms that can be considered separately from their meaning. These

formal terms are manipulated by the rules of mathematics and logic, and any results are then

interpreted or translated back into the problem domain.
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There have been at least two successful attempts to formalize probability, namely the

Kolmogorovformulation and the Cox formulation. In Kolmogorov'sformulation (see

probability space), sets are interpreted as events and probability itself as a measure on a class

of sets. In Cox's theorem, probability is taken as a primitive (that is, not further analyzed) and

the emphasis is on constructing a consistent assignment of probability values to propositions.

In both cases, the laws of probability are the same, except for technical details.

There are other methods for quantifying uncertainty, such as the Dempster-Shafer theory or

possibility theory, but those are essentially different and not compatible with the laws of

probability as they are usually understood.

Topic : Introduction To Hypothesis Testing

Topic Objective:

At the end of this topic students will be able to:

 Define and understand the hypothesis testing:

 Understand the features of hypothesis testing

 Understand and analyze the criticism

Definition/Overview:

Hypothesis Testing: A statistical hypothesis test is a method of making statistical decisions

from and about experimental data. Null-hypothesis testing just answers the question of "how

well the findings fit the possibility that chance factors alone might be responsible." This is

done by asking and answering a hypothetical question. One use is deciding whether

experimental results contain enough information to cast doubt on conventional wisdom.

As an example, consider determining whether a suitcase contains some radioactive material.

Placed under a Geiger counter, it produces 10 counts per minute. The null hypothesis is that

no radioactive material is in the suitcase and that all measured counts are due to ambient

radioactivity typical of the surrounding air and harmless objects in a suitcase. We can then

calculate how likely it is that the null hypothesis produces 10 counts per minute. If it is likely,

for example, if the null hypothesis predicts on average 9 counts per minute and a standard

deviation of 1 count per minute, we say that the suitcase is compatible with the null
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hypothesis (which does not imply that there is no radioactive material, we just can't

determine!); on the other hand, if the null hypothesis predicts, for example, 1 count per

minute and a standard deviation of 1 count per minute, then the suitcase is not compatible

with the null hypothesis and there are likely other factors responsible to produce the

measurements.

The test described here is more fully the null-hypothesis statistical significance test. The null

hypothesis is a conjecture that exists solely to be falsified by the sample. Statistical

significance is a possible finding of the test--thatthe sample is unlikely to have occurred by

chance given the truth of the null hypothesis. The name of the test describes its formulation

and its possible outcome. One characteristic of the test is its crisp decision: reject or do not

reject (which is not the same as accept). A calculated value is compared to a threshold

Key Points:

1. Features of Hypothesis Testing

One may be faced with the problem of making a definite decision with respect to an uncertain

hypothesis which is known only through its observable consequences. A statistical hypothesis

test, or more briefly, hypothesis test, is an algorithm used to choose between the alternatives

(for or against the hypothesis) which minimizescertain risks.

This topic describes the commonly used frequentist treatment of hypothesis testing. From the

Bayesian point of view, it is appropriate to treat hypothesis testing as a special case of

normative decision theory (specifically a model selection problem) and it is possible to

accumulate evidence in favor of (or against) a hypothesis using concepts such as likelihood

ratios known as Bayes factors.

There are several preparations we make before we observe the data.

 The null hypothesis must be stated in mathematical/statistical terms that make it possible to

calculate the probability of possible samples assuming the hypothesis is correct. For example:

The mean response to treatment being tested is equal to the mean response to the placebo in

the control group. Both responses have the normal distribution with this unknown mean and

the same known standard deviation . . . (value).
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 A test statistic must be chosen that will summarize the information in the sample that is

relevant to the hypothesis. In the example given above, it might be the numerical difference

between the two sample means, m1 − m2.

 The distribution of the test statistic is used to calculate the probability sets of possible values

(usually an interval or union of intervals). In this example, the difference between sample

means would have a normal distribution with a standard deviation equal to the common

standard deviation times the factor \sqrt{\frac{1}{n_1} + \frac{1}{n_2}} where n1 and n2

are the sample sizes.

 Among all the sets of possible values, we must choose one that we think represents the most

extreme evidence against the hypothesis. That is called the critical region of the test statistic.

The probability of the test statistic falling in the critical region when the null hypothesis is

correct, is called the alpha value (or size) of the test.

 The probability that a sample falls in the critical region when the parameter is θ, where θ is

for the alternative hypothesis, is called the power of the test at θ. The power function of a

critical region is the function that maps θ to the power of θ.

After the data are available, the test statistic is calculated and we determine whether it is

inside the critical region. If the test statistic is inside the critical region, then our conclusion is

one of the following:

 Reject the null hypothesis. (Therefore the critical region is sometimes called the rejection

region, while its complement is the acceptance region).

 An event of probability less than or equal to alpha has occurred.

The researcher has to choose between these logical alternatives. In the example we would

say: the observed response to treatment is statistically significant. If the test statistic is outside

the critical region, the only conclusion is that there is not enough evidence to reject the null

hypothesis. This is not the same as evidence in favor of the null hypothesis. That we cannot

obtain using these arguments, since lack of evidence against a hypothesis is not evidence for

it. On this basis, statistical research progresses by eliminating error, not by finding the truth.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

16
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



2. Criticism

Some statisticians have commented that pure "significance testing" has what is actually a

rather strange goal of detecting the existence of a "real" difference between two populations.

In practice a difference can almost always be found given a large enough sample, what is

typically the more relevant goal of science is a determination of causal effect size. The

amount and nature of the difference, in other words, is what should be studied. Many

researchers also feel that hypothesis testing is something of a misnomer. In practice a single

statistical test in a single study never "proves" anything.

Even when you reject a null hypothesis, effect sizes should be taken into consideration. If the

effect is statistically significant but the effect size is very small, then it is a stretch to consider

the effect theoretically important.[citation needed]

2.1 Meta-criticism

Little criticism of the technique appears in introductory statistics texts. Criticism is of

the application, or of the interpretation, rather than of the method.

Criticism of null-hypothesis significance testing is available in other articles ("Null-

hypothesis" and "Statistical significance") and their references. Attacks and defenses

of the null-hypothesis significance test are collected in Harlow et al. The original

purposes of Fisher's formulation, as a tool for the experimenter, was to plan the

experiment and to easily assess the information content of the small sample. There is

little criticism, Bayesian in nature, of the formulation in its original context.

In other contexts, complaints focus on flawed interpretations of the results and over-

dependence/emphasis on one test. Numerous attacks on the formulation have failed to

supplant it as a criterion for publication in scholarly journals. The most persistent

attacks originated from the field of Psychology. After review, the American

Psychological Association did not explicitly deprecate the use of null-hypothesis

significance testing, but adopted enhanced publication guidelines which implicitly

reduced the relative importance of such testing. The International Committee of

Medical Journal Editors recognizes an obligation to publish negative (not statistically

significant) studies under some circumstances. The applicability of the null-
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hypothesis testing to the publication of observational (as contrasted to experimental)

studies is doubtful.

2.2 Philosophical criticism

Philosophical criticism to hypothesis testing includes consideration of borderline

cases.

Any process that produces a crisp decision from uncertainty is subject to claims of

unfairness near the decision threshold. (Consider close election results.) The

premature death of a laboratory rat during testing can impact doctoral theses and

academic tenure decisions.

"... surely, God loves the .06 nearly as much as the .05"

The statistical significance required for publication has no mathematical basis, but is

based on long tradition. "It is usual and convenient for experimenters to take 5% as a

standard level of significance, in the sense that they are prepared to ignore all results

which fail to reach this standard, and, by this means, to eliminate from further

discussion the greater part of the fluctuations which chance causes have introduced

into their experimental results."

Fisher, in the cited article, designed an experiment to achieve a statistically significant

result based on sampling 8 cups of tea. Ambivalence attacks all forms of decision

making. A mathematical decision-making process is attractive because it is objective

and transparent. It is repulsive because it allows authority to avoid taking personal

responsibility for decisions.

2.3 Pedagogic criticism

Pedagogic criticism of the null-hypothesis testing includes the counter-intuitive

formulation, the terminology and confusion about the interpretation of results.

"Despite the stranglehold that hypothesis testing has on experimental psychology, I

find it difficult to imagine a less insightful means of transiting from data to

conclusions."
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Students find it difficult to understand the formulation of statistical null-hypothesis

testing. In rhetoric, examples often support an argument, but a mathematical proof "is

a logical argument, not an empirical one". A single counterexample results in the

rejection of a conjecture. Karl Popper defined science by its vulnerability to dis-proof

by data. Null-hypothesis testing shares the mathematical and scientific perspective

rather than the more familiar rhetorical one. Students expect hypothesis testing to be a

statistical tool for illumination of the research hypothesis by the sample; It is not. The

test asks indirectly whether the sample can illuminate the research hypothesis.

Students also find the terminology confusing. While Fisher disagreed with

Neymanand Pearson about the theory of testing, their terminologies have been

blended. The blend is not seamless or standardized. While this article teaches a pure

Fisher formulation, even it mentions Neyman and Pearson terminology (Type II error

and the alternative hypothesis). The typical introductory statistics text is less

consistent. The Sage Dictionary of Statistics would not agree with the title of this

article, which it would call null-hypothesis testing. "...there is no alternate hypothesis

in Fisher's scheme: Indeed, he violently opposed its inclusion by Neyman and

Pearson." In discussing test results, "significance" often has two distinct meanings in

the same sentence; One is a probability, the other is a subject-matter measurement

(such as currency). The significance (meaning) of (statistical) significance is

significant (important). There is widespread and fundamental disagreement on the

interpretation of test results.

"A little thought reveals a fact widely understood among statisticians: The null

hypothesis, taken literally (and that's the only way you can take it in formal

hypothesis testing), is almost always false in the real world.... If it is false, even to a

tiny degree, it must be the case that a large enough sample will produce a significant

result and lead to its rejection. So if the null hypothesis is always false, what's the big

deal about rejecting it?" (The above criticism only applies to point hypothesis tests. If

one were testing, for example, whether a parameter is greater than zero, it would not

apply.)

"How has the virtually barren technique of hypothesis testing come to assume such

importance in the process by which we arrive at our conclusions from our data?"
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Null-hypothesis testing just answers the question of "how well the findings fit the

possibility that chance factors alone might be responsible."

Null-hypothesis significance testing does not determine the truth or falseness of

claims. It determines whether confidence in a claim based solely on a sample-based

estimate exceeds a threshold. It is a research quality assurance test, widely used as one

requirement for publication of experimental research with statistical results. It is

uniformly agreed that statistical significance is not the only consideration in assessing

the importance of research results. Rejecting the null hypothesis is not a sufficient

condition for publication.

2.4 Practical criticism

Practical criticism of hypothesis testing includes the sobering observation that

published test results are often contradicted. Mathematical models support the

conjecture that most published medical research test results are flawed. Null-

hypothesis testing has not achieved the goal of a low error probability in medical

journals.

Topic : Hypothesis Tests With Means Of Samples

Topic Objective:

At the end of this topic students will be able to:

 Define and understand the hypothesis tests:

 Understand the overview

Definition/Overview:

Hypothesis Tests: In statistics, a null hypothesis (H0) is a hypothesis set up to be nullified or

refuted in order to support an alternative hypothesis. When used, the null hypothesis is

presumed true until statistical evidence, in the form of a hypothesis test, indicates otherwise

that is, when the researcher has a certain degree of confidence, usually 95% to 99%, that the

data does not support the null hypothesis. It is possible for an experiment to fail to reject the
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null hypothesis. It is also possible that both the null hypothesis and the alternate hypothesis

are rejected if there are more than those two possibilities.

In scientific and medical applications, the null hypothesis plays a major role in testing the

significance of differences in treatment and control groups. The assumption at the outset of

the experiment is that no difference exists between the two groups (for the variable being

compared): this is the null hypothesis in this instance. Other types of null hypothesis may be,

for example, that:

Key Points:

1. Overview

In Hypothesis Tests, one may want to compare the test scores of two random samples of men

and women, and ask whether or not one population has a mean score different from the other.

A null hypothesis would be that the mean score of the male population was the same as the

mean score of the female population:

H0 : μ1 = μ2

where:

H0 = the null hypothesis

μ1 = the mean of population 1, and

μ2 = the mean of population 2.

Alternatively, the null hypothesis can postulate that the two samples are drawn from the same

population, so that the variance and shape of the distributions are equal, as well as the means.

Formulation of the null hypothesis is a vital step in testing statistical significance. Having

formulated such a hypothesis, one can establish the probability of observing the obtained data

or data more different from the prediction of the null hypothesis, if the null hypothesis is true.

That probability is what is commonly called the "significance level" of the results.

That is, in scientific experimental design, we may predict that a particular factor will produce

an effect on our dependent variable this is our alternative hypothesis. We then consider how
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often we would expect to observe our experimental results,or results even more extreme, if

we were to take many samples from a population where there was no effect (i.e. we test

against our null hypothesis). I

In Section 3 of this course you will cover these topics:
Making Sense Of Statistical Significance: Effect Size And Statistical Power

Introduction To The T Test: Single Sample And Dependent Means

Topic : Making Sense Of Statistical Significance: Effect Size And Statistical Power

Topic Objective:

At the end of this topic students will be able to:

 Define effect size

 Define statistical power:

 Understand the concept of effect size

 Understand the concept of statistical power

Definition/Overview:

Effect Size: In statistics, effect size is a measure of the strength of the relationship between

two variables. In scientific experiments, it is often useful to know not only whether an

experiment has a statistically significant effect, but also the size of any observed effects. In

practical situations, effect sizes are helpful for making decisions. Effect size measures are the

common currency of meta-analysis studies that summarize the findings from a specific area

of research.

Statistical Power: The power of a statistical test is the probability that the test will reject a

false null hypothesis (that it will not make a Type II error). As power increases, the chances

of a Type II error decrease. The probability of a Type II error is referred to as the false

negative rate (β). Therefore power is equal to 1 − β.
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Key Points:

1. Concept of Effect Size

The concept of effect size appears in everyday language. For example, a weight loss program

may boast that it leads to an average weight loss of 30 pounds. In this case, 30 pounds is an

indicator of the claimed effect size. Another example is that a tutoring program may claim

that it raises school performance by one letter grade. This grade increase is the claimed effect

size of the program.

An effect size is best explained through an example: if you had no previous contact with

humans, and one day visited England, how many people would you need to see before you

realize that, on average, men are taller than women there? The answer relates to the effect

size of the difference in average height between men and women. The larger the effect size,

the easier it is to see that men are taller. If the height difference were small, then it would

require knowing the heights of many men and women to notice that (on average) men are

taller than women. This example is demonstrated further below.

In inferential statistics, an effect size helps to determine whether a statistically significant

difference is a difference of practical concern. In other words, given a sufficiently large

sample size, it is always possible to show that there is a difference between two means being

compared out to some decimal position. The effects size helps us to know whether the

difference observed is a difference that matters. Effect size, sample size, critical significance

level (α), and power in statistical hypothesis testing are related: any one of these values can

be determined, given the others. In meta-analysis, effect sizes are used as a common measure

that can be calculated for different studies and then combined into overall analyses.

The term effect size is most commonly used to describe standardized measures of effect (e.g.,

r, Cohen's d, odds ratio, etc.). However, unstandardized measures (e.g., the raw difference

between group means, unstandardizedregression coefficients, etc.) can equally be effect size

measures. Standardized effect size measures are typically used when the metrics of variables

being studied do not have intrinsic meaning to the reader (e.g., a score on a personality test on

an arbitrary scale), or when results from multiple studies are being combined when some or

all of the studies use different scales. Always present effect sizes for primary outcomes--as

that reporting standardized measures of effect like Cohen's d is the default requirement.
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Actually, just following the sentence the authors added that -- If the units of measurement are

meaningful on a practical level (e.g., number of cigarettes smoked per day), then we usually

prefer an unstandardizedmeasure (regression coefficient or mean difference) to a standardized

measure (r or d).

2. Concept of Statistical Power

Statistical Power depends upon:

 the statistical significance criterion used in the test

 the size of the difference or the strength of the similarity (that is, the effect size) in the

population

 the sensitivity of the data.

A significance criterion is a statement of how unlikely a result must be, if the null hypothesis

is true, to be considered significant. The most commonly used criteria are probabilities of

0.05 (5%, 1 in 20), 0.01 (1%, 1 in 100), and 0.001 (0.1%, 1 in 1000). If the criterion is 0.05,

the probability of the difference must be less than 0.05, and so on. One way to increase the

power of a test is to increase (that is, weaken) the significance level. This increases the

chance of obtaining a statistically significant result (rejecting the null hypothesis) when the

null hypothesis is false, that is, reduces the risk of a Type II error. But it also increases the

risk of obtaining a statistically significant result when the null hypothesis is in fact true; that

is, it increases the risk of a Type I error.

Calculating the power requires first specifying the effect size you want to detect. The greater

the effect size, the greater the power. Sensitivity can be increased by using statistical controls,

by increasing the reliability of measures (as in psychometric reliability), and by increasing the

size of the sample. Increasing sample size is the most commonly used method for increasing

statistical power.

Although there are no formal standards for power, most researchers who assess the power of

their tests use 0.80 as a standard for adequacy. A common misconception by those new to

statistical power is that power is a property of a study or experiment. In reality any statistical

result that has a p-value has an associated power. For example, in the context of a single

multiple regression, there will be a different level of statistical power associated with the
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overall r-square and for each of the regression coefficients. When determining an appropriate

sample size for a planned study, it is important to consider that power will vary across the

different hypotheses.

There are times when the recommendations of power analysis regarding sample size will be

inadequate. Power analysis is appropriate when the concern is with the correct acceptance or

rejection of a null hypothesis. In many contexts, the issue is less about determining if there is

or is not a difference but rather with getting a more refined estimate of the population effect

size. For example, if we were expecting a population correlation between intelligence and job

performance of around .50, a sample size of 20 will give us approximately 80% power (alpha

= .05, two-tail). However, in doing this study we are probably more interested in knowing

whether the correlation is .30 or .60 or .50. In this context we would need a much larger

sample size in order to reduce the confidence interval of our estimate to a range that is

acceptable for our purposes. These and other considerations often result in the

recommendation that when it comes to sample size, "More is better!" Funding agencies,

ethics boards and researchreview panels frequently request that a researcher perform a power

analysis. The argument is that if a study is inadequately powered, there is no point in

completing the research.

Topic : Introduction To The T Test: Single Sample And Dependent Means

Topic Objective:

At the end of this topic students will be able to:

 Define t Test:

 Understand the uses

 Understand the overview

 Understand the assumptions

 Understand the determining type

Definition/Overview:

t Test: A t-test is any statistical hypothesis test in which the test statistic has a Student's t

distribution if the null hypothesis is true. It is applied when the population is assumed to be

normally distributed but the sample sizes are small enough that the statistic on which
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inference is based is not normally distributed because it relies on an uncertain estimate of

standard deviation rather than on a precisely known value.

Key Points:

1. Overview:

It is sometimes stated that the 'mean' means average. This is incorrect if "mean" is taken in

the specific sense of "arithmetic mean" as there are different types of averages: the mean,

median, and mode. For instance, average house prices almost always use the median value

for the average. For a real-valued random variable X, the mean is the expectation of X. Note

that not every probability distribution has a defined mean (or variance); see the Cauchy

distribution for an example.

For a data set, the mean is the sum of the observations divided by the number of observations.

The mean is often quoted along with the standard deviation: the mean describes the central

location of the data, and the standard deviation describes the spread. An alternative measure

of dispersion is the mean deviation, equivalent to the average absolute deviation from the

mean. It is less sensitive to outliers, but less mathematically tractable.

As well as statistics, means are often used in geometry and analysis; a wide range of means

have been developed for these purposes, which are not much used in statistics. These are

listed below.

2. Uses

Among the most frequently used t tests are:

 A test of whether the mean of a normally distributed population has a value specified in a null

hypothesis.

 A test of the null hypothesis that the means of two normally distributed populations are equal.

Given two data sets, each characterized by its mean, standard deviation and number of data

points, we can use some kind of t test to determine whether the means are distinct, provided

that the underlying distributions can be assumed to be normal. All such tests are usually

called Student's t tests, though strictly speaking that name should only be used if the

variances of the two populations are also assumed to be equal; the form of the test used when
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this assumption is dropped is sometimes called Welch's t test. There are different versions of

the t test depending on whether the two samples are

o unpaired, independent of each other (e.g., individuals randomly assigned into two

groups, measured after an intervention and compared with the other group), or

o paired, so that each member of one sample has a unique relationship with a

particular member of the other sample (e.g., the same people measured before and

after an intervention).

If the calculated p-value is below the threshold chosen for statistical significance (usually the

0.10, the 0.05, or 0.01 level), then the null hypothesis which usually states that the two groups

do not differ is rejected in favor of an alternative hypothesis, which typically states that the

groups do differ.

 A test of whether the slope of a regression line differs significantly from 0.

Once a t value is determined, a p-value can be found using a table of values from Student's t-

distribution.

3. Assumptions

 Normal distribution of data (which can be tested by using a normality test, such as the

Shapiro-Wilk and Kolmogorov-Smirnov tests).

 Equality of variances (which can be tested by using the F test, the more robust Levene's test,

Bartlett's test, or the Brown-Forsythe test).

 Samples may be independent or dependent, depending on the hypothesis and the type of

samples:

o Independent samples are usually two randomly selected groups

o Dependent samples are either two groups matched on some variable (for example,

age) or are the same people being tested twice (called repeated measures)

Since all calculations are done subject to the null hypothesis, it may be very difficult to come

up with a reasonable null hypothesis that accounts for equal means in the presence of unequal

variances. In the usual case, the null hypothesis is that the different treatments have no

effectthis makes unequal variances untenable. In this case, one should forgo the ease of using

this variant afforded by the statistical packages. See also BehrensFisher problem.
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One scenario in which it would be plausible to have equal means but unequal variances is

when the 'samples' represent repeated measurements of a single quantity, taken using two

different methods. If systematic error is negligible (e.g. due to appropriate calibration) the

effective population means for the two measurement methods are equal, but they may still

have different levels of precision and hence different variances.

4. Determining type

For novices, the most difficult issue is often whether the samples are independent or

dependent. Independent samples typically consist of two groups with no relationship.

Dependent samples typically consist of a matched sample (or a "paired" sample) or one group

that has been tested twice (repeated measures).

Dependent t-tests are also used for matched-paired samples, where two groups are matched

on a particular variable. For example, if we examined the heights of men and women in a

relationship, the two groups are matched on relationship status. This would call for a

dependent t-test because it is a paired sample (one man paired with one woman).

Alternatively, we might recruit 100 men and 100 women, with no relationship between any

particular man and any particular woman; in this case we would use an independent samples

test.

Another example of a matched sample would be to take two groups of students, match each

student in one group with a student in the other group based on an achievement test result,

then examine how much each student reads. An example pair might be two students that

score 90 and 91 or two students that scored 45 and 40 on the same test. The hypothesis would

be that students that did well on the test may or may not read more. Alternatively, we might

recruit students with low scores and students with high scores in two groups and assess their

reading amounts independently.

An example of a repeated measures t-test would be if one group were pre- and post-tested.

(This example occurs in education quite frequently.) If a teacher wanted to examine the effect

of a new set of textbooks on student achievement, (s)he could test the class at the beginning

of the year (pretest) and at the end of the year (posttest). A dependent t-test would be used,

treating the pretest and posttest as matched variables (matched by student).

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

28
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



In Section 4 of this course you will cover these topics:
The T Test For Independent Means

Introduction To The Analysis Of Variance

Topic : The T Test For Independent Means

Topic Objective:

At the end of this topic students will be able to:

 Define t Test for Independent Means:

 Understand the Overview

Definition/Overview:

t Test for Independent Means: A t-test is any statistical hypothesis test in which the test

statistic has a Student's t distribution if the null hypothesis is true. It is applied when sample

sizes are small enough that using an assumption of normality and the associated z-test leads

to incorrect inference.

Key Points:

1. Overview

A t-test is any statistical hypothesis test in which the test statistic has a Student's t-distribution

if the null hypothesis is true. It is applied when sample sizes are small enough that using an

assumption of normality and the associated z-test leads to incorrect inference.

Among the most frequently used t tests are:

o A test of the null hypothesis that the means of two normally distributed

populations are equal. Given two data sets, each characterized by its mean,

standard deviation and number of data points, we can use some kind of t test to

determine whether the means are distinct, provided that the underlying

distributions can be assumed to be normal. All such tests are usually called

Student's t tests, though strictly speaking that name should only be used if the

variances of the two populations are also assumed to be equal; the form of the test

used when this assumption is dropped is sometimes called Welch's t test.
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There are different versions of the t test depending on whether the two samples are

 independent of each other (e.g., individuals randomly assigned into two groups),

 paired, so that each member of one sample has a unique relationship with a particular

member of the other sample (e.g., the same people measured before and after an intervention,

or IQ test scores of a husband and wife).

If the calculated p-value is below the threshold chosen for statistical significance (usually the

0.10, the 0.05, or 0.01 level), then the null hypothesis which usually states that the two groups

do not differ is rejected in favor of an alternative hypothesis, which typically states that the

groups do differ.

 A test of whether the mean of a normally distributed population has a value specified in a null

hypothesis.

 A test of whether the slope of a regression line differs significantly from 0.

Once a t value is determined, a p-value can be found using a table of values from Student's t-

distribution.

Topic : Introduction To The Analysis Of Variance

Topic Objective:

At the end of this topic students will be able to:

 Define variance:

 Understand the properties of variance

 Understand the recognized properties

Definition/Overview:

Variance: In probability theory and statistics, the variance of a random variable, probability

distribution, or sample is one measure of statistical dispersion, averaging the squared distance

of its possible values from the expected value (mean). Whereas the mean is a way to describe

the location of a distribution, the variance is a way to capture its scale or degree of being

spread out. The unit of variance is the square of the unit of the original variable. The positive
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square root of the variance, called the standard deviation, has the same units as the original

variable and can be easier to interpret for this reason.

The variance of a real-valued random variable is its second central moment, and it also

happens to be its second cumulant. Just as some distributions do not have a mean, some do

not have a variance. The mean exists whenever the variance exists, but not vice versa.

Key Points:

1. Properties of Variance

Variance is non-negative because the squares are positive or zero. The variance of a random

variable is 0 if and only if the variable is degenerate, that is, it takes on a constant value with

probability 1, and the variance of a variable in a data set is 0 if and only if all entries have the

same value.

Variance is invariant with respect to changes in a location parameter. That is, if a constant is

added to all values of the variable, the variance is unchanged. If all values are scaled by a

constant, the variance is scaled by the square of that constant. These two properties can be

expressed in the following formula:

\operatorname{Var}(aX+b)=a^2\operatorname{Var}(X).

The variance of a finite sum of uncorrelated random variables is equal to the sum of their

variances.

 Suppose that the observations can be partitioned into subgroups according to some second

variable. Then the variance of the total group is equal to the mean of the variances of the

subgroups plus the variance of the means of the subgroups. This property is known as

variance decomposition or the law of total variance and plays an important role in the

analysis of variance. For example, suppose that a group consists of a subgroup of men and an

equally large subgroup of women. Suppose that the men have a mean body length of 180 and

that the variance of their lengths is 100. Suppose that the women have a mean length of 160

and that the variance of their lengths is 50. Then the mean of the variances is (100 + 50) / 2 =

75; the variance of the means is the variance of 180, 160 which is 100. Then, for the total

group of men and women combined, the variance of the body lengths will be 75 + 100 = 175.
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Note that this uses N for the denominator instead of N - 1. In a more general case, if the

subgroups have unequal sizes, then they must be weighted proportionally to their size in the

computations of the means and variances. The formula is also valid with more than two

groups, and even if the grouping variable is continuous. This formula implies that the

variance of the total group cannot be smaller than the mean of the variances of the subgroups.

Note, however, that the total variance is not necessarily larger than the variances of the

subgroups. In the above example, when the subgroups are analyzed separately, the variance is

influenced only by the man-man differences and the woman-woman differences. If the two

groups are combined, however, then the men-women differences enter into the variance also.

 Many computational formulas for the variance are based on this equality: The variance is

equal to the mean of the squares minus the square of the mean. For example, if we consider

the numbers 1, 2, 3, 4 then the mean of the squares is (1 1 + 2 2 + 3 3 + 4 4) / 4 = 7.5. The

mean is 2.5, so the square of the mean is 6.25. Therefore the variance is 7.5 − 6.25 = 1.25,

which is indeed the same result obtained earlier with the definition formulas. Many pocket

calculators use an algorithm that is based on this formula and that allows them to compute the

variance while the data are entered, without storing all values in memory. The algorithm is to

adjust only three variables when a new data value is entered: The number of data entered so

far (n), the sum of the values so far (S), and the sum of the squared values so far (SS). For

example, if the data are 1, 2, 3, 4, then after entering the first value, the algorithm would have

n = 1, S = 1 and SS = 1. After entering the second value (2), it would have n = 2, S = 3 and

SS = 5. When all data are entered, it would have n = 4, S = 10 and SS = 30. Next, the mean is

computed as M = S / n, and finally the variance is computed as SS / n − M M. In this example

the outcome would be 30 / 4 - 2.5 2.5 = 7.5 − 6.25 = 1.25. If the unbiased sample estimate is

to be computed, the outcome will be multiplied by n / (n − 1), which yields 1.667 in this

example.

3. Properties, formal

3.1 Variance of the sum of uncorrelated variables

One reason for the use of the variance in preference to other measures of dispersion is

that the variance of the sum (or the difference) of uncorrelated random variables is the

sum of their variances:
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This statement is often made with the stronger condition that the variables are

independent, but uncorrelatednesssuffices. So if the variables have the same variance

σ2, then, since division by n is a linear transformation, this formula immediately

implies that the variance of their mean is

That is, the variance of the mean decreases with n. This fact is used in the definition

of the standard error of the sample mean, which is used in the central limit theorem.

3.2 Variance of the sum of correlated variables

In general, if the variables are correlated, then the variance of their sum is the sum of

their covariances:

(Note: This by definition includes the variance of each variable, since

Cov(X,X)=Var(X).)

Here Cov is the covariance, which is zero for independent random variables (if it

exists). The formula states that the variance of a sum is equal to the sum of all

elements in the covariance matrix of the components. This formula is used in the

theory of Cronbach's alpha in classical test theory.

So if the variables have equal varianceσ2 and the average correlation of distinct

variables is ρ,then the variance of their mean is

This implies that the variance of the mean increases with the average of the

correlations. Moreover, if the variables have unit variance, for example if they are

standardized, then this simplifies to

This formula is used in the Spearman-Brown prediction formula of classical test

theory. This converges toρ if n goes to infinity, provided that the average correlation

remains constant or converges too. So for the variance of the mean of standardized

variables with equal correlations or converging average correlation we have

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

33
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Therefore, the variance of the mean of a large number of standardized variables is

approximately equal to their average correlation. This makes clear that the sample

mean of correlated variables does generally not converge to the population mean,

even though the Law of large numbers states that the sample mean will converge for

independent variables.

3.3 Variance of a weighted sum of variables

Properties 6 and 8, along with this property from the covariance page: Cov(aX, bY) =

ab Cov(X, Y) jointly imply that

This implies that in a weighted sum of variables, the variable with the largest weight

will have a disproportionallylarge weight in the variance of the total. For example, if

X and Yare uncorrelated and the weight of X is two times the weight of Y, then the

weight of the variance of X will be four times the weight of the variance of Y.

3.4 Decomposition of variance

The general formula for variance decomposition or the law of total variance is: If X

and Y are two random variables and the variance of X exists, then

Here, E(X|Y) is the conditional expectation of X given Y, and Var(X|Y) is the

conditional variance of X given Y. (A more intuitive explanation is that given a

particular value of Y, then X follows a distribution with mean E(X|Y) and variance

Var(X|Y). The above formula tells how to find Var(X) based on the distributions of

these two quantities when Y is allowed to vary.) This formula is often applied in

analysis of variance, where the corresponding formula is

SSTotal = SSBetween + SSWithin.

It is also used in linear regression analysis, where the corresponding formula is

SSTotal = SSRegression + SSResidual.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

34
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



This can also be derived from the additivity of variances (property 8), since the total

(observed) score is the sum of the predicted score and the error score, where the latter

two are uncorrelated.

3.5 Computational formula for variance

The computational formula for the variance follows in a straightforward manner

from the linearity of expected values and the above definition:

This is often used to calculate the variance in practice, although it suffers from

numerical approximation error if the two components of the equation are similar in

magnitude.

3.6 Characteristic property

The second moment of a random variable attains the minimum value when taken

around the mean of the random variable, i.e. .

Conversely, if a continuous function satisfies

for all random variables X, then it is

necessarily of the form , where a > 0. This also holds in the

multidimensional case.

In Section 5 of this course you will cover these topics:
Chi-Square Tests And Strategies When Population Distributions Are Not Normal

Applying Statistical Methods In Your Own Research Project

Topic : Chi-Square Tests And Strategies When Population Distributions Are Not
Normal

Topic Objective:

At the end of this topic students will be able to:

 Define Chi-Square Tests:

 Understand the overview

 Understand the Chi-square test for variance in a normal population
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Definition/Overview:

Chi-Square Tests: A chi-square test (also chi-squared or χ2 test) is any statistical

hypothesis test in which the test statistic has a chi-square distribution when the null

hypothesis is true, or any in which the probability distribution of the test statistic (assuming

the null hypothesis is true) can be made to approximate a chi-square distribution as closely

as desired by making the sample size large enough.

Key Points:

1. Overview

A chi-square test may be applied on a contingency table for testing a null hypothesis of

independence of rows and columns.

As an example of the use of the Chi-square test, a fair coin is one where heads and tails are

equally likely to turn up after it is flipped. Suppose one is given a coin and asked to test if it

is fair. After 100 trials, heads turn up 53 times and tails result 47 times. The following is a

Chi-square analysis, where the null hypothesis is that the coin is fair:

In this case, the test has one degree of freedom and the chi-square value is 0.36. In order to

see whether this result is statistically significant, the P-value (the probability of this result

not being due to chance) must be calculated or looked up in a chart. The P-value is found to

be Prob (χ21 ≥ 0.36) = 0.5485. There is thus a probability of about 55% of seeing data that

deviates at least this much from the expected results if indeed the coin is fair. This

probability is not considered statistically significant evidence of an unfair coin

2. Chi-square test for variance in a normal population

If a sample of size n is taken from a population having a normal distribution, then there is a

well-known result (see distribution of the sample variance) which allows a test to be made

of whether the variance of the population has a pre-determined value. For example, a

manufacturing process might have been in stable condition for a long period, allowing a

value for the variance to be determined essentially without error. Suppose that a variant of

the process is being tested, giving rise to a small sample of product items whose variation is

to be tested. The test statistic T in this instance could be set to be the sum of squares about
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the sample mean, divided by the nominal value for the variance (ie. the value to be tested as

holding). Then T has a chi-square distribution with n1 degrees of freedom. For example if

the sample size is 21, the acceptance region for T for a significance level of 5% is the

interval 9.59 to 34.17.

Topic : Applying Statistical Methods In Your Own Research Project

Topic Objective:

At the end of this topic students will be able to:

 Define and Understand the Statistical methods:

 Understand the overview

Definition/Overview:

Statistical methods: Statistical methods can be used to summarize or describe a collection

of data; this is called descriptive statistics. In addition, patterns in the data may be modeled

in a way that accounts for randomness and uncertainty in the observations, and then used to

draw inferences about the process or population being studied; this is called inferential

statistics. Both descriptive and inferential statistics comprise applied statistics. There is also

a discipline called mathematical statistics, which is concerned with the theoretical basis of

the subject.

The word statistics is also the plural of statistic (singular), which refers to the result of

applying a statistical algorithm to a set of data, as in economic statistics, crime statistics, etc.

Key Points:

1. Overview

In applying statistics to a scientific, industrial, or societal problem, one begins with a

process or population to be studied. This might be a population of people in a country, of

crystal grains in a rock, or of goods manufactured by a particular factory during a given

period. It may instead be a process observed at various times; data collected about this kind

of "population" constitute what is called a time series.
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For practical reasons, rather than compiling data about an entire population, one usually

studies a chosen subset of the population, called a sample. Data are collected about the

sample in an observational or experimental setting. The data are then subjected to statistical

analysis, which serves two related purposes: description and inference.

 Descriptive statistics can be used to summarize the data, either numerically or graphically,

to describe the sample. Basic examples of numerical descriptors include the mean and

standard deviation. Graphical summarizations include various kinds of charts and graphs.

 Inferential statistics is used to model patterns in the data, accounting for randomness and

drawing inferences about the larger population. These inferences may take the form of

answers to yes/no questions (hypothesis testing), estimates of numerical characteristics

(estimation), descriptions of association (correlation), or modeling of relationships

(regression). Other modeling techniques include ANOVA, time series, and data mining.

2. Statistical methods

2.1 Experimental and observational studies

A common goal for a statistical research project is to investigate causality, and in

particular to draw a conclusion on the effect of changes in the values of predictors or

independent variables or dependent variables on response. There are two major types

of causal statistical studies: experimental studies and observational studies. In both

types of studies, the effect of differences of an independent variable (or variables) on

the behavior of the dependent variable are observed. The difference between the two

types lies in how the study is actually conducted. Each can be very effective.

An experimental study involves taking measurements of the system under study,

manipulating the system, and then taking additional measurements using the same

procedure to determine if the manipulation has modified the values of the

measurements. In contrast, an observational study does not involve experimental

manipulation. Instead, data are gathered and correlations between predictors and

response are investigated.

An example of an experimental study is the famous Hawthornestudies, which

attempted to test the changes to the working environment at the Hawthorne plant of
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the Western Electric Company. The researchers were interested in determining

whether increased illumination would increase the productivity of the assembly line

workers. The researchers first measured the productivity in the plant, then modified

the illumination in an area of the plant and checked if the changes in illumination

affected the productivity. It turned out that the productivity indeed improved (under

the experimental conditions). (See Hawthorneeffect.) However, the study is heavily

criticized today for errors in experimental procedures, specifically for the lack of a

control group and blindness.

An example of an observational study is a study which explores the correlation

between smoking and lung cancer. This type of study typically uses a survey to

collect observations about the area of interest and then performs statistical analysis.

In this case, the researchers would collect observations of both smokers and non-

smokers, perhaps through a case-control study, and then look for the number of

cases of lung cancer in each group.

The basic steps of an experiment are;

o Planning the research, including determining information sources, research

subject selection, and ethical considerations for the proposed research and

method.

o Design of experiments, concentrating on the system model and the interaction of

independent and dependent variables.

o Summarizing a collection of observations to feature their commonality by

suppressing details. (Descriptive statistics)

o Reaching consensus about what the observations tell about the world being

observed. (Statistical inference)

o Documenting / presenting the results of the study.

2.2 Levels of measurement

There are four types of measurements or levels of measurement or measurement

scales used in statistics: nominal, ordinal, interval, and ratio. They have different

degrees of usefulness in statistical research. Ratio measurements have both a zero

value defined and the distances between different measurements defined; they
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provide the greatest flexibility in statistical methods that can be used for analyzing

the data. Interval measurements have meaningful distances between measurements

defined, but have no meaningful zero value defined (as in the case with IQ

measurements or with temperature measurements in Fahrenheit). Ordinal

measurements have imprecise differences between consecutive values, but have a

meaningful order to those values. Nominal measurements have no meaningful rank

order among values.

Since variables conforming only to nominal or ordinal measurements cannot be

reasonably measured numerically, sometimes they are called together as categorical

variables, whereas ratio and interval measurements are grouped together as

quantitative or continuous variables due to their numerical nature.

2.3 Statistical techniques

Some well known statistical tests and procedures are:

o Student's t-test

o chi-square test

o Analysis of variance (ANOVA)

o Mann-Whitney U

o Regression analysis

o Factor Analysis

o Correlation

o Pearson product-moment correlation coefficient

o Spearman's rank correlation coefficient

o Time Series Analysis
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