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What Is Research

Research is basically an activity that you can conduct for gathering useful and value able
information about a specific subject or topic. The research is very much crucial whether you are in
a scientific or non-scientific field. It is the research activity which will help you in increasing your
knowledge about specific topics or fields. Research can be helpful for you in relation to finding a
solution to the number of problems. Types of research you need to perform completely is
dependent on the nature of the problem.

Types of research
The research can be categorised into two types. (1) fundamental and (2) applied research.
Fundamental research: The main purpose of such type of research is to bring improvement in
scientific theories. You can conduct fundamental research for gaining new knowledge about the
subject or specific field. By conducting fundamental investigation, you can develop an in-depth
understanding of specific phenomena. Fundamental research will help you in developing an indepth understanding of specific issues and allow you to provide an explanation or conclusion for
the same. You can’t find a solution to the problem by conducting fundamental research. It will
enable you to address the root cause of the occurrence of a particular problem.

Applied research: It is the type of investigation which students conduct for identifying quick
solutions for the issues. Applied research allows you to find quick solutions for the issues by
making the application of different principles or theories. The research findings of such types of
investigation procedures can be applied immediately.

Types of research
Classification Of Applied and Fundamental Research
Applied and fundamental research can be further categorized into different forms these are:
Quantitative research types: You can conduct quantitative research for gathering numerical data
about the phenomenon. Quantitative research is basically an iterative procedure where the
evaluation of evidence is done. In addition to this, graphs, tables, charts are utilized for presenting
the outcome. Such types of investigation are conclusive in nature. By conducting such type of
research, you can easily make a comparison between data and could easily reach a conclusion.
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Qualitative research: Such type of investigation is mainly performed for gathering non-numerical
data. By conducting qualitative investigation, you can detail facts about the phenomenon.
Qualitative research allows you to provide detailed information about the situation. It also enables
you to explore hidden aspects of research.
Mixed Research: It involves both qualitative and Quantitative research.

Other Kinds of Research
Exploratory Research Types
You can perform such types of research for the issues that have not been studied properly by other
researchers. A few of the techniques which can be utilized for gathering information about the
specific topic or subject are interview, case analysis, etc. You can perform exploratory research by
engaging yourself in guided discussions, developing research which addresses risk factor,
accumulating information about the market, appointing an expert person for conducting an
interview. Exploratory research will help you in the selection of the best research Design.
You can utilize this type of research for gathering and describing the characteristics of the
population. For instance, a fashion retail company intends to gain information about fashion trends
in the market. A firm by conducting a demographic survey could accumulate detailed information
about the population and then could perform descriptive research.
Explanatory Research
The primary purpose of performing such type of investigation is to provide an explanation of the
relationship between different variables. Correlation is the statistical formula that is utilized for
developing an understanding of the relationship between different dimensions of the study.
Longitudinal Research
In such types of research, you need to collect information at different points in time. The students
can conduct longitudinal research in different forms such as:
Study Of Trends
It involves investigation performed for studying the characteristics of the population. For example,
the percentage of absentees in a class.
Cohort Study
It addresses the subpopulation. For example, the percentage of absentees in the marketing
department in an organization.
Panel Study
You need to perform such studies for tracing a similar sample over a period of time.
Cross-Sectional Research
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In such type of research, you need to collect data on the research topic in a week or month.
Students perform such kind of research with the purpose of analysing the present situation.

Action Research
It is a kind of research that you can conduct for collecting the information or facts for bringing
positive change in society.
Policy-Oriented Research
Students perform such types of research with the aim of determining the way they can solve
specific issues.
Comparative Research
It is the type of investigation which allows you to analyse the similarities and enables you to make
a comparison between different units at various levels.
Casual Research
By performing such type of research, you can develop an understanding of the relationship between
cause and effect between different variables.
Theory Testing Research
It is a type of investigation which is executed mainly for judging the validity of hypothesis or new
concept.
Theory Building Research
You can perform this type of research for formulating new concepts or theories.

Difference between Research Method and Research Methodology
Research methods and research methodology are the two terms that are often confused as the same.
Strictly speaking, they are not so, and they show differences between them.
If we zone in on the etymology of the word ‘methodology,’ it refers to ‘method ’+’ology.’ ‘Ology’
typically means a discipline of study or a branch of knowledge. Thus technically speaking, the
methodology is the study of methods.
Research Method
By research method, we simply mean the research techniques or tools to be used for conducting
research irrespective of whether the research belongs to physical or social sciences or any other
disciplines.
The methods include three broad groups.
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The first group includes methods dealing with collection and description of data;
The second group consists of techniques used for establishing a statistical relationship between
variables;
The third group deals with methods used to evaluate the reliability, validity, and accuracy of the
results discerned by the data.
A physical scientist may employ, for example, such tools as an electron microscope or a radio
telescope to obtain his data.
In contrast, a social scientist or a manager may use, as a technique, an opinion poll or sample
survey with a mail questionnaire or conduct a personal interview to obtain his data.
He might conduct a telephonic interview, group discussion, case study approach to gather data.
Still, in essence, they are employing the same technique ‘observation’ of some kind, that generates
data for research.
Nevertheless, the scientists in their disciplines employ tools and techniques that may differ widely
in nature and complexity.
Research Methodology
The research methodology is a way to study the various steps that are generally adopted by a
researcher in studying his research problems systematically, along with the logic, assumptions,
justification, and rationale behind them.
Whenever we choose a research method, we must justify why we prefer this particular method over
others. The methodology seeks to answer this question.
Thus, when we speak of research methodology, we not only talk of research methods but also keep
in view the logic and justification behind the method we use in the context of our research
undertaking.
A researcher’s methodology aims at answering such questions as:
Why was this particular group of people interviewed and not the other groups?
How has been the research problem defined?
How many individuals provided the answers on which the researcher’s conclusions were based?
Why were these particular techniques used to analyze data?
In what way and why has been the research hypothesis formulated?
What level of evidence was used to determine whether or not to reject the stated hypothesis?
Difference between Research Method and Research Methodology
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If the subject into which you conduct research is a scientific subject or topic, then the research
methods include experiments, tests, the study of many other results of different experiments
performed earlier about the topic or the subject and the like.
On the other hand, research methodology about the scientific topic involves the techniques
regarding how to go about conducting the research, the justification of the use of particular tools of
research, advanced techniques that can be used in performing the experiments, and the like.
A method is what you did. It is a simple description. You selected, for example, 100 rats and
measured their weights. You fed some rats and some not.
A week later, you measured their weights again.
The methodology is why that should give you a meaningful result and why you used some
specified method and not some other one.
This would, in particular, include the way you have controlled for errors, e.g., why you fed the rats
for a week rather than a month and why 100 rats you thought were enough.
The table below summarizes the primary differences between the research methods and research
methodology.
Research Method

Research Methodology

Research method seeks to answer: what did the
researcher use to complete his research.

Research methodology seeks to answer: how did
the researcher complete his study.

Research methods are the techniques and tools
by which you research a subject or a topic.

Methodology explains and justifies the techniques
and tools by which you may proceed with your
research.

Research methods involve the tasks of
conducting experiments, tests, surveys, and the
like utilizing the knowledge and skills learned
through research methodology.

Research methodology involves the learning of
various techniques to conduct research and
acquiring knowledge to perform tests,
experiments, surveys, and critical analysis.

The research method aims at finding solutions
to research problems.

Research methodology ensures the employment
of the correct procedures to solve the problems.

Research methods are the end of any scientific
or non-scientific research.

Research methodology paves the way to choose
appropriate research methods and thus is the
beginning of any research.
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What are Scales of Measurement? State the advantages and disadvantages
In Statistics, the variables or numbers are defined and categorised using different scales of
measurements. Each level of measurement scale has specific properties that determine the various
use of statistical analysis. In this article, we will learn four types of scales such as nominal, ordinal,
interval and ratio scale.
What is the Scale?
A scale is a device or an object used to measure or quantify any event or another object.
Scale Factor Definition
Measurement Of Objects
Data Handling
Sampling Methods
Levels of Measurements
There are four different scales of measurement. The data can be defined as being one of the four
scales. The four types of scales are:
Nominal Scale
Ordinal Scale
Interval Scale
Ratio Scale
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Nominal Scale
A nominal scale is the 1st level of measurement scale in which the numbers serve as “tags” or
“labels” to classify or identify the objects. A nominal scale usually deals with the non-numeric
variables or the numbers that do not have any value.
Characteristics of Nominal Scale
A nominal scale variable is classified into two or more categories. In this measurement mechanism,
the answer should fall into either of the classes.
It is qualitative. The numbers are used here to identify the objects.
The numbers don’t define the object characteristics. The only permissible aspect of numbers in the
nominal scale is “counting.”
Example:
An example of a nominal scale measurement is given below:
What is your gender?
M- Male
F- Female
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Here, the variables are used as tags, and the answer to this question should be either M or F.
Ordinal Scale
The ordinal scale is the 2nd level of measurement that reports the ordering and ranking of data
without establishing the degree of variation between them. Ordinal represents the “order.” Ordinal
data is known as qualitative data or categorical data. It can be grouped, named and also ranked.
Characteristics of the Ordinal Scale
The ordinal scale shows the relative ranking of the variables
It identifies and describes the magnitude of a variable
Along with the information provided by the nominal scale, ordinal scales give the rankings of those
variables
The interval properties are not known
The surveyors can quickly analyse the degree of agreement concerning the identified order of
variables
Example:
Ranking of school students – 1st, 2nd, 3rd, etc.
Ratings in restaurants
Evaluating the frequency of occurrences
Very often
Often
Not often
Not at all
Assessing the degree of agreement
Totally agree
Agree
Neutral
Disagree
Totally disagree
Interval Scale
The interval scale is the 3rd level of measurement scale. It is defined as a quantitative measurement
scale in which the difference between the two variables is meaningful. In other words, the variables
are measured in an exact manner, not as in a relative way in which the presence of zero is arbitrary.
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Characteristics of Interval Scale:
The interval scale is quantitative as it can quantify the difference between the values
It allows calculating the mean and median of the variables
To understand the difference between the variables, you can subtract the values between the
variables
The interval scale is the preferred scale in Statistics as it helps to assign any numerical values to
arbitrary assessment such as feelings, calendar types, etc.
Example:
Likert Scale
Net Promoter Score (NPS)
Bipolar Matrix Table
Ratio Scale
The ratio scale is the 4th level of measurement scale, which is quantitative. It is a type of variable
measurement scale. It allows researchers to compare the differences or intervals. The ratio scale has
a unique feature. It possesses the character of the origin or zero points.
Characteristics of Ratio Scale:
Ratio scale has a feature of absolute zero
It doesn’t have negative numbers, because of its zero-point feature
It affords unique opportunities for statistical analysis. The variables can be orderly added,
subtracted, multiplied, divided. Mean, median, and mode can be calculated using the ratio scale.
Ratio scale has unique and useful properties. One such feature is that it allows unit conversions like
kilogram – calories, gram – calories, etc.
Example:
An example of a ratio scale is:
What is your weight in Kgs?
Less than 55 kgs
55 – 75 kgs
76 – 85 kgs
86 – 95 kgs
More than 95 kgs
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MANAGE YOUR BUSINESS ACCOUNTING
Advantages & Disadvantages of Ranking Scales
A ranking scale is a survey question tool that measures people's preferences by asking them to rank
their views on a list of related items. Using these scales can help your business establish what
matters and what doesn't matter to either external or internal stakeholders. You could use ranking
scale questions to evaluate customer satisfaction or to assess ways to motivate your employees, for
example. Ranking scales can be a source of useful information, but they do have some
disadvantages.
Ranking Scale Overview
Businesses typically use ranking scales when they want to establish preferences or levels of
importance in a group of items. A respondent completing a scale with five items, for example, will
assign a number 1 through 5 to each individual one. Typically, the number 1 goes to the item that is
most important to the respondent; the number 5 goes to the one that is of least importance. In some
cases, scales do not force respondents to rank all items, asking them to choose their top three out of
the five, for example. Online surveys may remove the need to key in numbers, allowing
respondents to drag and drop items into order.
Advantages of Ranking Scales
Ranking scales give you an insight into what matters to your respondents. Each response to an item
has an individual value, giving results that you can easily average and rank numerically. This can
be a valuable business tool, as it gives a statistical breakdown of your audience's preferences based
on what you need to know. If you are making business decisions and have various options to
choose from, data from a ranking scale might give you a clearer insight into how to satisfy your
audience based on what is important to them.09:16
Disadvantages of Ranking Scales
Ranking scales cannot tell you why something is important or unimportant to respondents. They
address items in relation to each other rather than individually, and they may not give fully accurate
results. Respondents cannot give the same rating to two items, even if they are of equal importance
to them. There is no way to measure how much of a distance there is between levels of importance
for each rating, even though this may be variable. Survey results may suffer from "order bias,"
where respondents rank the first set of items more positively than later ones. This may also be a
problem if you ask respondents to rank too many items at once, because they may lose focus
Q.4. Explain the steps involved in construction of scale.
Scale construction techniques in Research Methodology
Scale construction techniques in research methodology helps In social science studies, while
measuring attitudes of the people we generally follow the technique of preparing the opinionnaire*
(or attitude scale) in such a way that the score of the individual responses assigns him a place on a
scale. Under this approach, the respondent expresses his agreement or disagreement with a number
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of statements relevant to the issue. While developing such statements, the researcher must note the
following two points:
That the statements must elicit responses which are psychologically related to the attitude being
measured;
That the statements need be such that they discriminate not merely between extremes of attitude but
also among individuals who differ slightly.
Researchers must as well be aware that inferring attitude from what has been recorded in
opinionnaires has several limitations. People may conceal their attitudes and express socially
acceptable opinions. They may not really know how they feel about a social issue. People may be
unaware of their attitude about an abstract situation; until confronted with a real situation, they may
be unable to predict their reaction. Even behaviour itself is at times not a true indication of attitude.
For instance, when politicians kiss babies, their behaviour may not be a true expression of affection
toward infants.
Thus, there is no sure method of measuring attitude; we only try to measure the expressed opinion
and then draw inferences from it about people’s real feelings or attitudes.With all these limitations
in mind, psychologists and sociologists have developed several scale construction techniques for
the purpose. The researcher should know these techniques so as to develop an appropriate scale for
his own study. Some of the important approaches, along with the corresponding scales developed
under each approach to measure attitude are as follows:
Different Scales for Measuring Attitudes of People

Arbitrary scale in Research Methodology
Arbitrary scales are developed on ad hoc basis and are designed largely through the researcher’s
own subjective selection of items. The researcher first collects few statements or items which he
believes are unambiguous and appropriate to a given topic. Some of these are selected for inclusion
in the measuring instrument and then people are asked to check in a list the statements with which
they agree.
The chief merit of such scales is that they can be developed very easily, quickly and with relatively
less expense. They can also be designed to be highly specific and adequate. Because of these
benefits, such scales are widely used in practice.
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Differential Scales (or Thurstone-type Scales)
The name of L.L. Thurstone is associated with differential scales which have been developed using
consensus scale approach. Under such an approach the selection of items is made by a panel of
judges who evaluate the items in terms of whether they are relevant to the topic area and
unambiguous in implication. The detailed procedure is as under:
The researcher gathers a large number of statements, usually twenty or more, that express various
points of view toward a group, institution, idea, or practice (i.e., statements belonging to the topic
area).
These statements are then submitted to a panel of judges, each of whom arranges them in eleven
groups or piles ranging from one extreme to another in position. Each of the judges is requested to
place generally in the first pile the statements which he thinks are most unfavourable to the issue, in
the second pile to place those statements which he thinks are next most unfavourable and he goes
on doing so in this manner till in the eleventh pile he puts the statements which he considers to be
the most favourable.
This sorting by each judge yields a composite position for each of the items. In case of marked
disagreement between the judges in assigning a position to an item, that item is discarded.
For items that are retained, each is given its median scale value between one and eleven as
established by the panel. In other words, the scale value of any one statement is computed as the
‘median’ position to which it is assigned by the group of judges.
A final selection of statements is then made. For this purpose a sample of statements, whose
median scores are spread evenly from one extreme to the other is taken. The statements so selected,
constitute the final scale to be administered to respondents. The position of each statement on the
scale is the same as determined by the judges.
After developing the scale as stated above, the respondents are asked during the administration of
the scale to check the statements with which they agree. The median value of the statements that
they check is worked out and this establishes their score or quantifies their opinion. It may be noted
that in the actual instrument the statements are arranged in random order of scale value. If the
values are valid and if the opinionnaire deals with only one attitude dimension, the typical
respondent will choose one or several contiguous items (in terms of scale values) to reflect his
views. However, at times divergence may occur when a statement appears to tap a different attitude
dimension.
The Thurstone method has been widely used for developing differential scales which are utilized to
measure attitudes towards varied issues like war, religion, etc. Such scales are considered most
appropriate and reliable when used for measuring a single attitude. But an important deterrent to
their use is the cost and effort required to develop them. Another weakness of such scales is that the
values assigned to various statements by the judges may reflect their own attitudes. The method is
not completely objective; it involves ultimately subjective decision process. Critics of this method
also opine that some other scale designs give more information about the respondent’s attitude in
comparison to differential scales.
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Summated Scales (or Likert-type Scales)
Summated scales (or Likert-type scales) are developed by utilizing the item analysis approach
wherein a particular item is evaluated on the basis of how well it discriminates between those
persons whose total score is high and those whose score is low. Those items or statements that best
meet this sort of discrimination test are included in the final instrument.
Thus, summated scales consist of a number of statements which express either a favourable or
unfavourable attitude towards the given object to which the respondent is asked to react. The
respondent indicates his agreement or disagreement with each statement in the instrument. Each
response is given a numerical score, indicating its favourableness or unfavourableness, and the
scores are totaled to measure the respondent’s attitude. In other words, the overall score represents
the respondent’s position on the continuum of favourable-unfavourableness towards an issue.
Most frequently used summated scales in the study of social attitudes follow the pattern devised by
Likert. For this reason they are often referred to as Likert-type scales. In a Likert scale, the
respondent is asked to respond to each of the statements in terms of several degrees, usually five
degrees (but at times 3 or 7 may also be used) of agreement or disagreement. For example, when
asked to express opinion whether one considers his job quite pleasant, the respondent may respond
in any one of the following ways:
strongly agree,
agree,
undecided,
disagree,
strongly disagree.

We find that these five points constitute the scale. At one extreme of the scale there is strong
agreement with the given statement and at the other, strong disagreement, and between them lie
intermediate points. We may illustrate this as under:

Each point on the scale carries a score. Response indicating the least favourable degree of job
satisfaction is given the least score (say 1) and the most favourable is given the highest score (say
5). These score—values are normally not printed on the instrument but are shown here just to
indicate the scoring pattern. The Likert scaling technique, thus, assigns a scale value to each of the
five responses. The same thing is done in respect of each and every statement in the instrument.
This way the instrument yields a total score for each respondent, which would then measure the
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respondent’s favourableness toward the given point of view. If the instrument consists of, say 30
statements, the following score values would be revealing.
30 × 5 = 150 Most favourable response possible
30 × 3 = 90 A neutral attitude
30 × 1 = 30 Most unfavourable attitude.
The scores for any individual would fall between 30 and 150. If the score happens to be above 90,
it shows favourable opinion to the given point of view, a score of below 90 would mean
unfavourable opinion and a score of exactly 90 would be suggestive of a neutral attitude.
Procedure: The procedure for developing a Likert-type scale is as follows:
As a first step, the researcher collects a large number of statements which are relevant to the
attitude being studied and each of the statements expresses definite favourableness or
unfavourableness to a particular point of view or the attitude and that the number of favourable and
unfavourable statements is approximately equal.
After the statements have been gathered, a trial test should be administered to a number of subjects.
In other words, a small group of people, from those who are going to be studied finally, are asked
to indicate their response to each statement by checking one of the categories of agreement or
disagreement using a five point scale as stated above.
The response to various statements are scored in such a way that a response indicative of the most
favourable attitude is given the highest score of 5 and that with the most unfavourable attitude is
given the lowest score, say, of 1.
Then the total score of each respondent is obtained by adding his scores that he received for
separate statements.
The next step is to array these total scores and find out those statements which have a high
discriminatory power. For this purpose, the researcher may select some part of the highest and the
lowest total scores, say the top 25 per cent and the bottom 25 per cent. These two extreme groups
are interpreted to represent the most favourable and the least favourable attitudes and are used as
criterion groups by which to evaluate individual statements. This way we determine which
statements consistently correlate with low favourability and which with high favourability.
Only those statements that correlate with the total test should be retained in the final instrument and
all others must be discarded from it.
Advantages: The Likert-type scale has several advantages. Mention may be made of the important
ones.
It is relatively easy to construct the Likert-type scale in comparison to Thurstone-type scale because
Likert-type scale can be performed without a panel of judges.
Likert-type scale is considered more reliable because under it respondents answer each statement
included in the instrument. As such it also provides more information and data than does the
Thurstone-type scale.
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Each statement, included in the Likert-type scale, is given an empirical test for discriminating
ability and as such, unlike Thurstone-type scale, the Likert-type scale permits the use of statements
that are not manifestly related (to have a direct relationship) to the attitude being studied.
Likert-type scale can easily be used in respondent-centred and stimulus-centred studies i.e., through
it we can study how responses differ between people and how responses differ between stimuli.
Likert-type scale takes much less time to construct, it is frequently used by the students of opinion
research. Moreover, it has been reported in various research studies* that there is high degree of
correlation between Likert-type scale and Thurstone-type scale.
Limitations: There are several limitations of the Likert-type scale as well. One important limitation
is that, with this scale, we can simply examine whether respondents are more or less favourable to a
topic, but we cannot tell how much more or less they are. There is no basis for belief that the five
positions indicated on the scale are equally spaced. The interval between ‘strongly agree’ and
‘agree’, may not be equal to the interval between “agree” and “undecided”. This means that Likert
scale does not rise to a stature more than that of an ordinal scale, whereas the designers of
Thurstone scale claim the Thurstone scale to be an interval scale. One further disadvantage is that
often the total score of an individual respondent has little clear meaning since a given total score
can be secured by a variety of answer patterns. It is unlikely that the respondent can validly react to
a short statement on a printed form in the absence of real-life qualifying situations. Moreover, there
“remains a possibility that people may answer according to what they think they should feel rather
than how they do feel.”
In spite of all the limitations, the Likert-type summated scales are regarded as the most useful in a
situation wherein it is possible to compare the respondent’s score with a distribution of scores from
some well defined group. They are equally useful when we are concerned with a programme of
change or improvement in which case we can use the scales to measure attitudes before and after
the programme of change or improvement in order to assess whether our efforts have had the
desired effects. We can as well correlate scores on the scale to other measures without any concern
for the absolute value of what is favourable and what is unfavourable. All this accounts for the
popularity of Likert-type scales in social studies relating to measuring of attitudes.
Cumulative scales: Cumulative scales or Louis Guttman’s scalogram analysis, like other scales,
consist of series of statements to which a respondent expresses his agreement or disagreement. The
special feature of this type of scale is that statements in it form a cumulative series. This, in other
words, means that the statements are related to one another in such a way that an individual, who
replies favourably to say item No. 3, also replies favourably to items No. 2 and 1, and one who
replies favourably to item No. 4 also replies favourably to items No. 3, 2 and 1, and so on. This
being so an individual whose attitude is at a certain point in a cumulative scale will answer
favourably all the items on one side of this point, and answer unfavourably all the items on the
other side of this point. The individual’s score is worked out by counting the number of points
concerning the number of statements he answers favourably. If one knows this total score, one can
estimate as to how a respondent has answered individual statements constituting cumulative scales.
The major scale of this type of cumulative scales is the Guttman’s scalogram. We attempt a brief
description of the same below.
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The technique developed by Louis Guttman is known as scalogram analysis, or at times simply
‘scale analysis’. Scalogram analysis refers to the procedure for determining whether a set of items
forms a unidimensional scale. A scale is said to be unidimensional if the responses fall into a
pattern in which endorsement of the item reflecting the extreme position results also in endorsing
all items which are less extreme. Under this technique, the respondents are asked to indicate in
respect of each item whether they agree or disagree with it, and if these items form a
unidimensional scale, the response pattern will be as under:
Response Pattern in Scalogram Analysis

A score of 4 means that the respondent is in agreement with all the statements which is indicative
of the most favourable attitude. But a score of 3 would mean that the respondent is not agreeable to
item 4, but he agrees with all others. In the same way one can interpret other values of the
respondents’ scores. This pattern reveals that the universe of content is scalable.
Procedure: The procedure for developing a scalogram can be outlined as under:
The universe of content must be defined first of all. In other words, we must lay down in clear
terms the issue we want to deal within our study.
The next step is to develop a number of items relating the issue and to eliminate by inspection the
items that are ambiguous, irrelevant or those that happen to be too extreme items.
The third step consists in pre-testing the items to determine whether the issue at hand is scalable
(The pretest, as suggested by Guttman, should include 12 or more items, while the final scale may
have only 4 to 6 items. Similarly, the number of respondents in a pretest may be small, say 20 or 25
but final scale should involve relatively more respondents, say 100 or more).
In a pretest the respondents are asked to record their opinions on all selected items using a Likerttype 5-point scale, ranging from ‘strongly agree’ to ‘strongly disagree’. The strongest favourable
response is scored as 5, whereas the strongest unfavourable response as 1. The total score can thus
range, if there are 15 items in all, from 75 for most favourable to 15 for the least favourable.
Respondent opinionnaires are then arrayed according to total score for analysis and evaluation. If
the responses of an item form a cumulative scale, its response category scores should decrease in an
orderly fashion as indicated in the above table. Failure to show the said decreasing pattern means
that there is overlapping which shows that the item concerned is not a good cumulative scale item
i.e., the item has more than one meaning. Sometimes the overlapping in category responses can be
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reduced by combining categories. After analysing the pretest results, a few items, say 5 items, may
be chosen.
The next step is again to total the scores for the various opinionnaires, and to rearray them to reflect
any shift in order, resulting from reducing the items, say, from 15 in pretest to, say, 5 for the final
scale. The final pretest results may be tabulated in the form of a table given in Table below.
The Final Pretest Results in a Scalogram Analysis

The table shows that five items (numbering 5, 12, 3, 10 and 7) have been selected for the final
scale. The number of respondents is 25 whose responses to various items have been tabulated along
with the number of errors. Perfect scale types are those in which the respondent’s answers fit the
pattern that would be reproduced by using the person’s total score as a guide. Non-scale types are
those in which the category pattern differs from that expected from the respondent’s total score i.e.,
non-scale cases have deviations from unidimensionality or errors. Whether the items (or series of
statements) selected for final scale may be regarded a perfect cumulative (or a unidimensional
scale), we have to examine on the basis of the coefficient of reproducibility. Guttman has set 0.9 as
the level of minimum reproducibility in order to say that the scale meets the test of
unidimensionality. He has given the following formula for measuring the level of reproducibility:
Guttman’s Coefficient of Reproducibility = 1 – e/n(N)
where e = number of errors
n = number of items
N = number of cases
For the above table figures,
Coefficient of Reproducibility = 1 – 7/5(25) = .94
This shows that items number 5, 12, 3, 10 and 7 in this order constitute the cumulative or
unidimensional scale, and with this we can reproduce the responses to each item, knowing only the
total score of the respondent concerned.
Scalogram, analysis, like any other scaling technique, has several advantages as well as limitations.
One advantage is that it assures that only a single dimension of attitude is being measured.
Researcher’s subjective judgement is not allowed to creep in the development of scale since the
scale is determined by the replies of respondents. Then, we require only a small number of items
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that make such a scale easy to administer. Scalogram analysis can appropriately be used for
personal, telephone or mail surveys. The main difficulty in using this scaling technique is that in
practice perfect cumulative or unidimensional scales are very rarely found and we have only to use
its approximation testing it through coefficient of reproducibility or examining it on the basis of
some other criteria. This method is not a frequently used method for the simple reason that its
development procedure is tedious and complex. Such scales hardly constitute a reliable basis for
assessing attitudes of persons towards complex objects for predicting the behavioural responses of
individuals towards such objects. Conceptually, this analysis is a bit more difficult in comparison to
other scaling methods.
Factor Scales
Factor scales are developed through factor analysis or on the basis of intercorrelations of items
which indicate that a common factor accounts for the relationships between items. Factor scales are
particularly “useful in uncovering latent attitude dimensions and approach scaling through the
concept of multiple-dimension attribute space.” More specifically the two problems viz., how to
deal appropriately with the universe of content which is multi-dimensional and how to uncover
underlying (latent) dimensions which have not been identified, are dealt with through factor scales.
An important factor scale based on factor analysis is Semantic Differential (S.D.) and the other one
is Multidimensional Scaling. We give below a brief account of these factor scales.
Semantic differential scale: Semantic differential scale or the S.D. scale developed by Charles E.
Osgood, G.J. Suci and P.H. Tannenbaum (1957), is an attempt to measure the psychological
meanings of an object to an individual. This scale is based on the presumption that an object can
have different dimensions of connotative meanings which can be located in multidimensional
property space, or what can be called the semantic space in the context of S.D. scale. This scaling
consists of a set of bipolar rating scales, usually of 7 points, by which one or more respondents rate
one or more concepts on each scale item. For instance, the S.D. scale items for analysing candidates
for leadership position may be shown as under:
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Candidates for leadership position (along with the concept—the ‘ideal’ candidate) may be
compared and we may score them from +3 to –3 on the basis of the above stated scales. (The
letters, E, P, A showing the relevant factor viz., evaluation, potency and activity respectively,
written along the left side are not written in actual scale. Similarly the numeric values shown are
also not written in actual scale.)
Osgood and others did produce a list of some adjective pairs for attitude research purposes and
concluded that semantic space is multidimensional rather than unidimensional. They made sincere
efforts and ultimately found that three factors, viz., evaluation, potency and activity, contributed
most to meaningful judgements by respondents. The evaluation dimension generally accounts for
1/2 and 3/4 of the extractable variance and the other two factors account for the balance.
Procedure: Various steps involved in developing S.D. scale are as follows:
First of all the concepts to be studied are selected. The concepts are usually chosen by personal
judgement, keeping in view the nature of the problem.
The next step is to select the scales bearing in mind the criterion of factor composition and the
criterion of scale’s relevance to the concepts being judged (it is common practice to use at least
three scales for each factor with the help of which an average factor score has to be worked out).
One more criterion to be kept in view is that scales should be stable across subjects and concepts.
Then a panel of judges are used to rate the various stimuli (or objects) on the various selected scales
and the responses of all judges would then be combined to determine the composite scaling.
To conclude, “the S.D. has a number of specific advantages. It is an efficient and easy way to
secure attitudes from a large sample. These attitudes may be measured in both direction and
intensity. The total set of responses provides a comprehensive picture of the meaning of an object,
as well as a measure of the subject doing the rating. It is a standardized technique that is easily
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repeated, but escapes many of the problems of response distortion found with more direct
methods.”
Multidimensional scaling: Multidimensional scaling (MDS) is relatively more complicated scaling
device, but with this sort of scaling one can scale objects, individuals or both with a minimum of
information. Multidimensional scaling (or MDS) can be characterized as a set of procedures for
portraying perceptual or affective dimensions of substantive interest. It “provides useful
methodology for portraying subjective judgements of diverse kinds.” MDS is used when all the
variables (whether metric or non-metric) in a study are to be analyzed simultaneously and all such
variables happen to be independent. The underlying assumption in MDS is that people
(respondents) “perceive a set of objects as being more or less similar to one another on a number of
dimensions (usually uncorrelated with one another) instead of only one.” Through MDS techniques
one can represent geometrically the locations and interrelationships among a set of points. In fact,
these techniques attempt to locate the points, given the information about a set of interpoint
distances, in space of one or more dimensions such as to best summarise the information contained
in the interpoint distances. The distances in the solution space then optimally reflect the distances
contained in the input data. For instance, if objects, say X and Y, are thought of by the respondent
as being most similar as compared to all other possible pairs of objects, MDS techniques will
position objects X and Y in such a way that the distance between them in multidimensional space is
shorter than that between any two other objects.
Two approaches, viz., the metric approach and the non-metric approach, are usually talked about in
the context of MDS, while attempting to construct a space containing m points such that m(m –
1)/2 interpoint distances reflect the input data. The metric approach to MDS treats the input data as
interval scale data and solves applying statistical methods for the additive constant* which
minimises the dimensionality of the solution space. This approach utilises all the information in the
data in obtaining a solution. The data (i.e., the metric similarities of the objects) are often obtained
on a bipolar similarity scale on which pairs of objects are rated one at a time. If the data reflect
exact distances between real objects in an r-dimensional space, their solution will reproduce the set
of interpoint distances. But as the true and real data are rarely available, we require random and
systematic procedures for obtaining a solution. Generally, the judged similarities among a set of
objects are statistically transformed into distances by placing those objects in a multidimensional
space of some dimensionality.
The non-metric approach first gathers the non-metric similarities by asking respondents to rank
order all possible pairs that can be obtained from a set of objects. Such non-metric data is then
transformed into some arbitrary metric space and then the solution is obtained by reducing the
dimensionality. In other words, this non-metric approach seeks “a representation of points in a
space of minimum dimensionality such that the rank order of the interpoint distances in the solution
space maximally corresponds to that of the data. This is achieved by requiring only that the
distances in the solution be monotone with the input data.”9 The non-metric approach has come
into prominence during the sixties with the coming into existence of high speed computers to
generate metric solutions for ordinal input data.
The significance of MDS lies in the fact that it enables the researcher to study “the perceptual
structure of a set of stimuli and the cognitive processes underlying the development of this
structure. Psychologists, for example, employ multidimensional scaling techniques in an effort to
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scale psychophysical stimuli and to determine appropriate labels for the dimensions along which
these stimuli vary.” The MDS techniques, infact, do away with the need in the data collection
process to specify the attribute(s) along which the several brands, say of a particular product, may
be compared as ultimately the MDS analysis itself reveals such attribute(s) that presumably
underlie the expressed relative similarities among objects. Thus, MDS is an important tool in
attitude measurement and the techniques falling under MDS promise “a great advance from a series
of unidimensional measurements (e.g., a distribution of intensities of feeling towards single
attribute such as colour, taste or a preference ranking with indeterminate intervals), to a perceptual
mapping in multidimensional space of objects ... company images, advertisement brands, etc.”
In spite of all the merits stated above, the MDS is not widely used because of the computation
complications involved under it. Many of its methods are quite laborious in terms of both the
collection of data and the subsequent analyses. However, some progress has been achieved (due to
the pioneering efforts of Paul Green and his associates) during the last few years in the use of nonmetric MDS in the context of market research problems. The techniques have been specifically
applied in “finding out the perceptual dimensions, and the spacing of stimuli along these
dimensions, that people, use in making judgements about the relative similarity of pairs of Stimuli.”
But, “in the long run, the worth of MDS will be determined by the extent to which it advances the
behavioral sciences.”

Q.5. explain the different methods of collecting primary data
Primary data may be collected either through observation or through direct communication with
respondents in one form or another through personal interviews. There are several ways of
collecting primary data.
These may be:
(i) Observation method,
ADVERTISEMENTS:
(ii) Interview method,
(iii) Questionnaire method, and
(iv) Schedule method.
i. Observation Method:
In observation method, the information is sought by way of investigator’s own direct observation
without asking from the respondent. The main advantage of this method is that it is free from
subjective biasness, as it is free from respondent’s willingness. It is, however, an expensive and
time consuming method. Moreover, the information provided by this method is very limited and
some of the more busy people like executives may not be accessible to direct observation.
ii. Interview Method:
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Primary data may be collected either through personal interviews or through telephonic interviews:
ADVERTISEMENTS:
(a) In the personal interviews the interviewer asks questions generally in a face-to-face contact.
Through interview method more and reliable information may be obtained. Personal information
can be obtained easily under this method. It is, however, a very expensive and time-consuming
method, especially when large and widely spread geographical sample is taken. Certain types of
respondents, such as officials, executives or people of high-income groups, may not be easily
accessible.
In this method, the respondent may give wrong and imaginary information. For effective interview
there should be a good rapport with respondents which is often very difficult to develop. For a good
result the interviewer’s approach should be friendly, courteous, conversational and unbiased for
which a proper training is required.
(b) In telephonic interviews contact is made with the respondents through telephone.
ADVERTISEMENTS:
The main merits of telephonic interviews are:
(i) It is more flexible and faster than other methods.
(ii) It is cheaper and less time consuming.
(iii) Recall is easy and replies can be recorded without causing embarrassment to respondents.
ADVERTISEMENTS:
(iv) At times, access can be made to respondents who otherwise cannot be contacted for one reason
or the other.
(v) No staff is required and wider representation of sample is possible.
This method also has several weaknesses. For example, the surveys are restricted to respondents
who have telephonic facilities and little time is given to respondents for considered answers. It is
not suitable for intensive surveys where comprehensive answers are required for various questions.
iii. Questionnaire Method:
In this method a questionnaire is mailed to the person concerned with a request to answer the
questions and return the questionnaire. This method is most extensively applied in various
researches of human and economic geography.
ADVERTISEMENTS:
The main merits of this method are given below:
(i) There is low cost even when the universe is large and is widespread geographically.
(ii) It is free from bias of interviewer as answers are respondent’s own words.
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(iii) Respondents, who are not easily approachable, can also be reached conveniently. Moreover,
respondents are given enough time to give well thought answers.
ADVERTISEMENTS:
The main demerits of this method are:
(i) Low rate of return of the duly filled questionnaires.
(ii) It can be used only when the respondents are educated and cooperative.
(iii) The control of the questionnaire may be lost once it is sent.
ADVERTISEMENTS:
(iv) It is difficult to know whether willing respondents are truly representative.
(v) This method is likely to be the slowest of all.
iv. Schedule Method:
This method of data collection is very much like the collection of data through questionnaires, with
little difference that lies in the fact that schedules (proforma containing a set of questions) are being
filled in by the enumerators who are specially appointed for this purpose. Enumerators explain the
aims and objects of the investigation and also remove the difficulties which any respondent may
feel in understanding the implications of a particular question.
This method is very useful in extensive enquiries and can lead to fairly reliable results. It is,
however, very expensive and is usually adopted in investigations conducted by governmental
agencies or by some organizations. Population census all over the world is conducted through this
method.
For the selection of an appropriate method, the objective, nature and scope of study, the availability
of time and funds, and the level of precision required are to be taken into consideration.
II
Various Methods to collect primary data
Interviews
Interviews are known as the oldest and most effective data collection method which can be
performed personally or by sending email to the respondent. It is effective when someone takes
interview to a group of people one by one because he can also gather an additional response by that
person’s facial expressions which is quite important. Through email, chances are there that the
respondent has changed his reply due to some reason or he may take an extra amount of time to
compose his answer which definitely can give a twist to his reply. That is why interviews are
preferred to program individually and personally. In other cases, if you have a large number of
people which you are going to inquire, you can forward a questionnaire to them via email and set
the time limit to respond like 24-48 hours.
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Projective technique
In projective techniques, the respondents are provided with a disclosed subject or an incomplete set
of information which they have to complete it according to their personal point of view. For
example, they are given any picture which everyone has to describe in his own way or they are
called to enact a role play for a settled situation and they are asked to respond if the situation was
real. Another way to perform projective technique is to provide the respondents an incomplete
cartoon to complete or a set of random words to arrange how they like it. All of these techniques
are used to collect their responses, expressions, feelings, motivations, opinion and attitude to reach
the most common response they all have given.
Questionnaire method
Questionnaire method is effective when you have a short time to collect information from a large
number of respondents. A set of questions either open ended or closed ended framed with keeping
in mind the characteristics of good questionnaire makes it very effective. These questions helps in
the problem identification and to record people’s responses about the focus problem. Get that
printed and distributed among a large group of people. Make sure to print 25-30% more
questionnaires than the number of responses you want because you cannot force someone to
answer. Possibly some of them will not fill up that questionnaire and in that case, you will not have
enough responses to reach to the result.
A group interview system
Another data collection method is to make a group of few people who are directly or indirectly
related to the problem which you are going to solve through collected data. One person should
administrate that group discussion to put forward questions and record answers from everybody.
This method is easy, but it is sometimes not possible to control group members to be strict to that
specific discussion so the results and data sometimes are unobvious. Such group discussion can be
made successful if the person monitoring that group interview in keen and sharp enough to record
every person’s expressions and responses to questions carefully.
Telephonic interview
Another form of personal interviewing is telephonic interview which has been used specifically
when the respondents are not available in nearby areas. This sort of interviews is conducted when
you have to gather some information from a specific area where you can’t easily reach in the
limited time so you call them and ask questions. There are some cons of this system e.g. the
interviewer is not able to observe the expression of responding person and secondly, it’s not
economical to call every single responder and take 15-20 minutes on call. Still people use this
technique specially when it is tough for them to travel and get the responses personally.
There are several other ways as well which are known as secondary data collection methods. To
make sure that the responses that are gathered are utilized well to get to a result, you need to pick
an expert to perform these techniques. It’s sometimes a game of sharp observation and wise
decision which demands a good brain. Another important point is that always make a backup for all
these responses and keep it saved to be used in relevant cases.
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The most useful, quick and widely used methods for data collection
00:00 / 00:00
Depending on the type of data requirements the methods adopted varies. Most of the methods have
already been discussed above however you may come up with your own methods which might be a
mix of primary and secondary data collection. Few methods might be a even more complex form
and the quality of data thus collected needs to be carefully assessed.
Q.6. explain the different steps involved in designing a questionnaire
en Steps Towards Designing a Questionnaire
Posted: 11th May 2015
Share this Post:
Market research is all about reducing your business risks through the smart use of information. It is
often cited that ‘knowledge is power’, and through market research you will have the power to
discover new business opportunities, closely monitor your competitors, effectively develop
products and services, and target your customers in the most cost-efficient way.
However in order to get useful results you need to make sure you are asking the right questions to
the right people and in the right way. The following tips are designed to help you avoid some of the
common pitfalls when designing a market research questionnaire.
1. What are you trying to find out?
A good questionnaire is designed so that your results will tell you what you want to find out.
Start by writing down what you are trying to do in a few clear sentences, and design your
questionnaire around this.
2. How are you going to use the information?
There is no point conducting research if the results aren’t going to be used – make sure you know
why you are asking the questions in the first place.
Make sure you cover everything you will need when it come to analysing the answers. e.g. maybe
you want to compare answers given by men and women. You can only do this if you’ve
remembered to record the gender of each respondent on each questionnaire.
3. Telephone, Postal, Web, Face-to-Face?
There are many methods used to ask questions, and each has its good and bad points. For example,
postal surveys can be cheap but responses can be low and can take a long time to receive, face-toface can be expensive but will generate the fullest responses, web surveys can be cost-effective but
hit and miss on response rates, and telephone can be costly, but will often generate high response
rates, give fast turnaround and will allow for probing.
4. Qualitative or Quantitative?
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Do you want to focus on the number e.g. 87% of respondents thought this, or are you more
interested in interpreting feedback from respondents to bring out common themes?
The method used will generally be determined by the subject matter you are researching and the
types of respondents you will be contacting.
5. Keep it short. In fact, quite often the shorter the better.
We are all busy, and as a general rule people are less likely to answer a long questionnaire than a
short one.
If you are going to be asking your customers to answer your questionnaire in-store, make sure the
interview is no longer than 10 minutes maximum (this will be about 10 to 15 questions).
If your questionnaire is too long, try to remove some questions. Read each question and ask, “How
am I going to use this information?” If you don’t know, don’t include it!
6. Use simple and direct language.
The questions must be clearly understood by the respondent. The wording of a question should be
simple and to the point. Do not use uncommon words or long sentences.
7. Start with something general.
Respondents will be put-off and may even refuse to complete your questionnaire if you ask
questions that are too personal at the start (e.g. questions about financial matters, age, even whether
or not they are married).
8. Place the most important questions in the first half of the questionnaire.
Respondents sometimes only complete part of a questionnaire. By putting the most important items
near the beginning, the partially completed questionnaires will still contain important information.
9. Leave enough space to record the answers.
If you are going to include questions which may require a long answer e.g. ask someone why they
do a particular thing, then make sure you leave enough room to write in the possible answers. It
sounds obvious, but it’s so often overlooked!
10. Test your questionnaire on your colleagues.
No matter how much time and effort you put into designing your questionnaire, there is no
substitute for testing it. Complete some interviews with your colleagues BEFORE you ask the real
respondents. This will allow you to time your questionnaire, make any final changes, and get
feedback from your colleagues.
Q.7. Define chi square test and explain its significance in research.
A Chi-Square test is a test of statistical significance for categorical variables. Let's learn the use of
chi-square with an intuitive example. A research scholar is interested in the relationship between
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the placement of students in the statistics department of a reputed University and their C.G.P.A
(their final assessment score).
A chi-squared test (symbolically represented as χ2) is basically a data analysis on the basis of
observations of a random set of variables. Usually, it is a comparison of two statistical data sets.
This test was introduced by Karl Pearson in 1900 for categorical data analysis and distribution. So
it was mentioned as Pearson’s chi-squared test.
The chi-square test is used to estimate how likely the observations that are made would be, by
considering the assumption of the null hypothesis as true.
A hypothesis is a consideration that a given condition or statement might be true, which we can test
afterwards. Chi-squared tests are usually created from a sum of squared falsities or errors over the
sample variance.
Table of contents:
Chi-squared Distribution
P-Value calculation
Properties
Formula
Test of Independence
Example
Degrees of Freedom and P-Values Table
Solved Problem
FAQs
Chi-Square Distribution
When we consider, the null speculation is true, the sampling distribution of the test statistic is
called as chi-squared distribution. The chi-squared test helps to determine whether there is a
notable difference between the normal frequencies and the observed frequencies in one or more
classes or categories. It gives the probability of independent variables.
Note: Chi-squared test is applicable only for categorical data, such as men and women falling under
the categories of Gender, Age, Height, etc.
Finding P-Value
P stands for probability here. To calculate the p-value, the chi-square test is used in statistics. The
different values of p indicate the different hypothesis interpretation, are given below:
31 | P a g e

P≤ 0.05; Hypothesis rejected
P>.05; Hypothesis Accepted
Probability is all about chance or risk or uncertainty. It is the possibility of the outcome of the
sample or the occurrence of an event. But when we talk about statistics, it is more about how we
handle various data using different techniques. It helps to represent complicated data or bulk data in
a very easy and understandable way. It describes the collection, analysis, interpretation,
presentation, and organization of data. The concept of both probability and statistics is related to
the chi-squared test.
To calculate a chi-square statistic:
Raw and mutually exclusive data is randomly drawn from a large sample of independent variables.

For example, tossing a coin more than one hundred times represents a chi-square (χ2) statistic
because the null hypothesis of the chi-square test is that the coin has equal chances of landing on
the tail or head every time it is tossed. Therefore, a person will get 50 tails and 50 heads.

Hence a chi-square (χ2) statistic allows the researcher to input random variables which in turn yield
both categorized and numerical data.

A chi-square (X2) statistic is a procedure for investigating whether there is an association between
two different categorized variables.

Categorical variables show data in the groupings while numerical variables present data in
numbers. Chi-square (χ2) statistic calculation helps to answer questions such as what is your gender
and do you have a bank account. These questions can be analyzed and results presented in either
discrete or continuous model.

As discussed above, the Chi-Square statistic test is carried out if two categorized variables in a
given population are related in any way. It includes the null hypothesis which mostly indicates that
there is no relationship between the categorized variables in the population and each variable is
independent of the other. A chi-square statistic model can answer the following question: Is there a
significant association between political transparency and economic development in your country?

the image shows the logic in Chi-square statistic
the logic in Chi-square statistic
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The discussion above highlights that a chi-square (χ2) statistic can be used to assess whether there
is a significant association between the expected and observed data.

How to perform a chi-square test
The main application of the chi-square statistic is in the Test of Independence analysis. In this test,
the cross-tabulation (contingency table) is used to interpret data. The cross-tabulation is a table that
simultaneously presents the distributions of two grouped variables. One category appears in the
rows while the other category is presented in the columns. Additionally, each cell in the table
shows the connection present in the rows and columns.

To determine whether there is a significant relationship between the two variables, an individual
compares the expected and observed results provided the one variable had no effect on the other
variable. The Chi-Square statistic is then calculated using the formula below:

Formula for finding the Chi-Square Value
The formula for finding the Chi-Square Value
The calculated value is then compared with the critical value in the Chi-Square distribution tables
thus allowing the investigator to conclude on the relationship that exists between the variables;
expected and observed data. So the Chi-Square statistic represents the variance between the actual
observed data and the expected data based on the assumption that there is no existent relationship
between the two variables.

Types of chi-square tests are:
The test of independence for data
The test of independence for data evaluates the relationship between categorical variables by
comparing the observed results to the expected data using a contingency table. In a nutshell, the test
of independence assesses whether unpaired observations on two variables are independent of each
other.
2. The test of Homogeneity
The test of Homogeneity compares how counts for two or more groups are distributed using a
similar categorical variable
3. Tests of goodness of fit for a model.
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The tests for goodness of fit, on the other hand, assesses whether the observed results differ
significantly from the expected results. Both tests can be used to support or reject a given null
hypothesis.
Therefore, the test tells us whether a categorical variable is able to fit the theoretical distribution or
not. We are able to evaluate if the frequencies can distribute as per the random variation or obtain
more meaningful results.
Other Chi-Square tests include:
Test for Trend
Cochran-Mantel-Haenszel Test
Assumptions in the Chi-square goodness of fit:
The variable must either be ordinal or nominal. The data should also be represented as counts or
frequencies of cases.
The sample is simple and random.
The categories of variables used are mutually exclusive.
Every count is independent. One observation or respondent should not make more than one
contribution to the table.
The total score count should not be greater than the sample size. i.e., one person gets one count.
Your sample size should not be less than 20. The more the sample size, the better.
All your expected frequencies in the cells should be more than five.
Running the Chi-Square Statistic in SPSS
SPSS provides an option for the Chi-Square statistic within the cross-tabulation feature. The output
for the chi-square test results is called Chi-Square Tests. Moreover, the fundamental result in the
Chi-Square statistic table is the Pearson Chi-Square. This statistic is assessed by linking it to the
corresponding p-value SPSS provides.

The following steps should guide you on how to run a Chi-Square test on SPPS:

Open the Crosstabs dialog by clicking Analyze > Descriptive Statistics > Crosstabs
Selecting the row and column variables.
Click on Statistics, then check Chi-square, and click Continue.
Check the box for Display clustered bar charts.
Click OK.
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Interpretation of the output
When making a conclusion on the hypothesis at 95% confidence level, compare the p-value of the
Chi-Square statistic with the chosen significance level. In that case, the value should be less than
.05 (i.e. the alpha level attached to the 95% confidence level). If the p-value is greater than the
alpha level value, it implies that there is a statistical association between the categorized variables.
Take a look at the example below which aims to test the association between fundamentals and
opinions on learners being taught sex education in public schools using a Chi-Square Test of
Independence. (a = 0.05).
A good example that indicates the application of Chi-Square Test is where one uses statistics to
show the relationship between political stability and economic development around the world. The
opinions of leaders and experts can be considered in this regard to help determine if political
stability is promoting economic stability around the world. Chi-Square Test can then be used to
show the level of relationship between political stability and the level of economic development. If
the results indicate that more than 15% of the target population supports political stability as part of
programs that promote economic stability around the world, then policymakers can adopt political
stability in promoting social and economic development around the world. However, before
making interpretations and analysis in the Chi-Square Test, it is important that one considers the pvalue and indicate the significant association between the categorical variables under the study. In
this case, the main variables under study include political stability and the economic development
of countries around the world. These two variables must be run in the Chi-Square Test to provide
the correct values.

Limitations of Chi-Square Statistics
Chi-Square statistic as a model of research has its limitations. One of the limitations is that ChiSquare statistic is extremely complex when it comes to sampling size which means that you need a
relatively large sample size for better results.
Additionally, a small difference will appear to be statistically significant if the sample size is too
large (~500).
Another limitation is that the expected frequencies should be 5 or more for 80% of the cells. SPSS
will generate a warning message if input cells are fewer than 5. It is therefore recommended to use
categorized variables with a specific number of groupings. Furthermore, all the variables must be
independent and the subjects in each group must be selected randomly from the total population.
Statistics in APA
Whenever statistics is included in written text, it is important that the researcher includes sufficient
information so that the reader can understand your study.
Guidelines on statistical information:
Should not provide formulas for common statistics such as the t-test and mean.
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should not provide references for common statistics that have been used conventionally.
To illustrate the relationship between series and numbers, it is important that you use terms such as
in order and
To use Boldface for matrices and vectors
For statistical symbols, use italics.
Use the italicized, uppercase, N, when referring to the total population. For example, N = 450
When referring to a sample population, use an italicized lower case. For example, n = 29
Use brackets to enclose the limits in confidence intervals. For example [3.44, 2.3]

Q 8. Q.7. Define the term report with suitable example. A research report is a well-crafted
document that outlines the processes, data, and findings of a systematic investigation. It is an
important document that serves as a first-hand account of the research process, and it is typically
considered as an objective and accurate source of information.
In many ways, a research report can be considered as a summary of the research process that
clearly highlights findings, recommendations, and other important details. Reading a well-written
research report should provide you with all the information you need about the core areas of the
research process.

Features of a Research Report
So how do you recognize a research report when you see one? Here are some of the basic features
that define a research report.
It is a detailed presentation of research processes and findings, and it usually includes tables and
graphs.
It is written in a formal language.
A research report is usually written in the third person.
It is informative and based on first-hand verifiable information.
It is formally structured with headings, sections, and bullet points.
It always includes recommendations for future actions.
Types of Research Report
The research report is classified based on 2 things; nature of research and target audience.
Nature of Research
Qualitative Research Report
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This is the type of report written for qualitative research. It outlines the methods, processes, and
findings of a qualitative method of systematic investigation. In educational research, a qualitative
research report provides an opportunity for one to apply his or her knowledge and develop skills in
planning and executing qualitative research projects.
A qualitative research report is usually descriptive in nature. Hence, in addition to presenting
details of the research process, you must also create a descriptive narrative of the information.
Quantitative Research Report
A quantitative research report is a type of research report that is written for quantitative
research. Quantitative research is a type of systematic investigation that pays attention to numerical
or statistical values in a bid to find answers to research questions.
In this type of research report, the researcher presents quantitative data to support the research
process and findings. Unlike a qualitative research report that is mainly descriptive, a quantitative
research report works with numbers; that is, it is numerical in nature.

Target Audience
Also, a research report can be said to be technical or popular based on the target audience. If you're
dealing with a general audience, you would need to present a popular research report, and if you're
dealing with a specialized audience, you would submit a technical report.
Technical Research Report
A technical research report is a detailed document that you present after carrying out industry-based
research. This report is highly specialized because it provides information for a technical audience;
that is, individuals with above-average knowledge in the field of study.
In a technical research report, the researcher is expected to provide specific information about the
research process, including statistical analyses and sampling methods. Also, the use of language is
highly specialized and filled with jargon.
Examples of a technical research report include legal and medical research reports.
Popular Research Report
A popular research report is one for a general audience; that is, for individuals who do not
necessarily have any knowledge in the field of study. A popular research report aims to make
information accessible to everyone.
It is written in very simple language, which makes it easy to understand the findings and
recommendations. Examples of popular research reports are the information contained in
newspapers and magazines.
Importance of a Research Report
Knowledge Transfer
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As already stated above, one of the reasons for carrying out research is to contribute to the existing
body of knowledge, and this is made possible with a research report. A research report serves as a
means to effectively communicate the findings of a systematic investigation to all and sundry.
Identification of Knowledge Gaps
With a research report, you'd be able to identify knowledge gaps for further inquiry. A research
report shows what has been done while hinting at other areas needing systematic investigation.
In market research, a research report would help you understand the market needs and peculiarities
at a glance.
A research report allows you to present information in a precise and concise manner.
It is time-efficient and practical because, in a research report, you do not have to spend time
detailing the findings of your research work in person. You can easily send out the report via email
and have stakeholders look at it.
Guide to Writing a Research Report
A lot of detail goes into writing a research report, and getting familiar with the different
requirements would help you create the ideal research report. A research report is usually broken
down into multiple sections, which allows for a concise presentation of information.
Structure of a Research Report
Title
This is the title of your systematic investigation. Your title should be concise and point to the aims,
objectives, and findings of a research report.
Table of Contents
This is like a compass that makes it easier for readers to navigate the research report.
Abstract
An abstract is an overview that highlights all important aspects of the research including the
research method, data collection process, and research findings. Think of an abstract as a summary
of your research report that presents pertinent information in a concise manner.
An abstract is always brief; typically 100-150 words and goes straight to the point. The focus of
your research abstract should be the 5Ws and 1H format – What, Where, Why, When, Who and
How.
Introduction
Here, the researcher highlights the aims and objectives of the systematic investigation as well as the
problem which the systematic investigation sets out to solve. When writing the report introduction,
it is also essential to indicate whether the purposes of the research were achieved or would require
more work.
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In the introduction section, the researcher specifies the research problem and also outlines the
significance of the systematic investigation. Also, the researcher is expected to outline any jargons
and terminologies that are contained in the research.
Literature Review
A literature review is a written survey of existing knowledge in the field of study. In other words, it
is the section where you provide an overview and analysis of different research works that are
relevant to your systematic investigation.
It highlights existing research knowledge and areas needing further investigation, which your
research has sought to fill. At this stage, you can also hint at your research hypothesis and its
possible implications for the existing body of knowledge in your field of study.
An Account of Investigation
This is a detailed account of the research process, including the methodology, sample, and research
subjects. Here, you are expected to provide in-depth information on the research process including
the data collection and analysis procedures.
In a quantitative research report, you'd need to provide information surveys, questionnaires and
other quantitative data collection methods used in your research. In a qualitative research report,
you are expected to describe the qualitative data collection methods used in your research including
interviews and focus groups.
Findings
In this section, you are expected to present the results of the systematic investigation.
Discussion
This section further explains the findings of the research, earlier outlined. Here, you are expected to
present a justification for each outcome and show whether the results are in line with your
hypotheses or if other research studies have come up with similar results.
Conclusions
This is a summary of all the information in the report. It also outlines the significance of the entire
study.
References and Appendices
This section contains a list of all the primary and secondary research sources.
Tips for Writing a Research Report
Define the Context for the Report
As is obtainable when writing an essay, defining the context for your research report would help
you create a detailed yet concise document. This is why you need to create an outline before
writing so that you do not miss out on anything.
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Define your Audience
Writing with your audience in mind is essential as it determines the tone of the report. If you're
writing for a general audience, you would want to present the information in a simple and relatable
manner. For a specialized audience, you would need to make use of technical and field-specific
terms.
Include Significant Findings
The idea of a research report is to present some sort of abridged version of your systematic
investigation. In your report, you should exclude irrelevant information while highlighting only
important data and findings.
Include Illustrations
Your research report should include illustrations and other visual representations of your
data. Graphs, pie charts, and relevant images lend additional credibility to your systematic
investigation.

Choose the Right Title
A good research report title is brief, precise, and contains keywords from your research. It should
provide a clear idea of your systematic investigation so that readers can grasp the entire focus of
your research from the title.
Proofread the Report
Before publishing the document, ensure that you give it a second look to authenticate the
information. If you can, get someone else to go through the report, too, and you can also run it
through proofreading and editing software.
How to Gather Research Data for Your Report
Understand the Problem
Every research aims at solving a specific problem or set of problems, and this should be at the back
of your mind when writing your research report. Understanding the problem would help you to
filter the information you have and include only important data in your report.
Know what your report seeks to achieve
This is somewhat similar to the point above because, in some way, the aim of your research report
is intertwined with the objectives of your systematic investigation. Identifying the primary purpose
of writing a research report would help you to identify and present the required information
accordingly.
Identify your audience
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Knowing your target audience plays a crucial role in data collection for a research report. If your
research report is specifically for an organization, you would want to present industry-specific
information or show how the research findings are relevant to the work that the company does.
Create Surveys/Questionnaires
A survey is a research method that is used to gather data from a specific group of people through a
set of questions. It can be either quantitative or qualitative.
A survey is usually made up of structured questions, and it can be administered online or offline.
However, an online survey is a more effective method of research data collection because it helps
you save time and gather data with ease.
Q.9. what are the steps involved in a project report?

The most common type of project report, a project status report provides a general state of the
project to its stakeholders. It quantifies work performed and completed in measurable terms. It
compares this with an established baseline to see if the project is on track or; if adjustments have to
be made if the project is behind its schedule. It keeps everyone on the same page and manages each
other’s expectations.
Project status reports are accomplished to serve the following purposes;
to keep an updated flow of information in relation to the project’s progress
to immediately address issues and concerns that may come up at any point of the project’s
implementation or duration
to document reasons for changes and adjustments made to the original plan for the project
to monitor fund utilization and to ensure that the project expenses are still within the budget
to serve as a basis for decision-making and addressing problems
to keep track of the team’s performance and individual contributions
to act as a uniform procedure for communicating project development to the stakeholders.

Depending on the project and organizational processes, additional project reports with in-depth
analysis and recommendations may also be required when a project ends.
Writing a report is a useful opportunity to evaluate the project, document lessons learned, and add
to your organization’s knowledge base for future projects. Try these steps for writing better project
reports.

How to Write an Effective Project Report in 7 Steps
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1. Decide the Objective
Take some time to think about the purpose of the report. Do you need to describe, explain,
recommend, or persuade? Having a clear purpose from the outset ensures that you stay focused,
which makes it easier to engage your reader.

2. Understand Your Audience
Writing a formal annual report for your stakeholders is very different from a financial review.
Tailor your language, use of data, and supporting graphics to the audience.
It is also useful to consider the personal communication style of the reader, for example, how do
they write emails or structure documents? Reflect their preferences where possible. You may need
to develop a more formal or informal tone to your own natural style.
Adopting this technique will build rapport and make the reader more receptive to your ideas

3. Report Format and Type
Before you start, check the report format and type. Do you need to submit a written report or
deliver a presentation? Do you need to craft a formal, informal, financial, annual, technical, factfinding, or problem-solving report?
You should also confirm if any templates are available within the organization.
Checking these details can save time later on!

4. Gather the Facts and Data
Including engaging facts and data will solidify your argument. Start with your collaborative project
site and work out as needed. Remember to cite sources such as articles, case studies, and
interviews.

5. Structure the Report
A report typically has four elements:
Executive Summary. Your report will begin with the summary, which is written once the report is
finished. As the first item the reader encounters, this is the most important section of the document.
They will likely use the summary to decide how much of the report they need to read so make it
count!
Introduction: Provide a context for the report and outline the structure of the contents. Identify the
scope of the report and any particular methodologies used
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Body: It’s now time to put your writing skills to work! This is the longest section of the report and
should present background details, analysis, discussions, and recommendations for consideration.
Draw upon data and supporting graphics to support your position
Conclusion: Bring together the various elements of the report in a clear and concise manner.
Identify the next steps and any actions that your reader needs to take.

6. Readability
Spend some time making the report accessible and enjoyable to read. If working in Word, the
Navigation pane is a great way to help your reader work through the document. Use formatting,
visuals, and lists to break up long sections of text.

7. Edit
The first draft of the report is rarely perfect so you will need to edit and revise the content. If
possible, set the document aside for a few days before reviewing or ask a colleague to review.

SEVEN STATISTICAL TECHNIQUES
We suggest that you start your data analysis off by considering the following seven statistical
techniques before moving to more complex techniques for quantitative data.
1. Arithmetic Mean Statistical Analysis Technique
The arithmetic mean, or more commonly termed as the “average”, is the sum of a list of numerals
divided by the number of items on the list. The mean is part of a family of measures of central
tendency. Central tendency measures show us the extent to which observations are able to cluster
around a central location. Mean has the ability to be influenced greatly by extreme variables in
research. The mean is useful for statistical analysis because it allows the researcher to determine the
overall trend of a data set and it can also give you a quick snapshot of the researcher’s data. The
mean is quick and easy to calculate, either by hand or data analysis programmes like SPSS, Excel,
and Matlab. The mean can be calculated using the formula where x is each observation, and n is
the number of observations.
2. Standard Deviation Statistical Analysis Technique
The standard deviation is represented with the Greek symbol σ, and is the measure of a variability
or dispersion of data around the mean. It basically is the measure of volatility which is the
difference between the actual and the average value. Essentially, standard deviation measures the
difference of individual data points from the mean. It enables the researcher to square the
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differences so that the positives and negatives of all variables become positive and takes the
average of these squared differences. A higher standard deviation means that the data is spread
more widely from the mean, where as a low standard deviation shows that more data is aligned
with the mean.
3. Skewness Statistical Analysis Technique
The distribution of data is important to measure. Some of the distributions of data are symmetric
like the commonly viewed bell curve. But not all data can be symmetric, causing the distribution to
move from the left or right of the bell curve, often known as asymmetric data. Skewness is the
measure of how asymmetric a distribution is. The mean, median and mode are all measures of the
centre of a set of data, therefore, skewness of the data can be determined by how these quantities
are related to one another (See Figure 1). When including this measure in your dissertation it can be
subjective to simply determine how skewed your data is just by looking at the graph of distribution.
Hence, it becomes imperative to numerically calculate skewness. The most time tested and reliable
method of doing so is with Pearson’s first coefficient of skewness.

4. Hypothesis Testing Statistical Analysis Technique
Hypothesis testing, also commonly termed as t testing, assesses if a specific premise is actually true
for the data set or population. Hypothesis testing is a process for making logical decisions about the
reality of the observed effects . Under this form of testing, the researcher considers the results of a
hypothesis test to be statistically significant, that is, if the results couldn’t have happened at random
chance. Hypothesis testing can be conducted using programmes like SPSS and MiniTab for basic
statistics learners.
5. Regression Statistical Analysis Technique
There are several subtypes of regressions, but here we will take a look at the simple linear
regression. In general, regression techniques enable the researcher to develop models that depict the
relationships between dependent and explanatory variables that are commonly charted on a
scatterplot (See figure 2). Linear regression is a method to predict a target variable by fitting the
“best linear relationship” between your dependent and independent variable. Simple linear
regression uses a single independent variable to predict the dependent variable simply by fitting the
best linear relationship. The direction of the line on the regression model enables the researcher to
determine if the relationship is weak or strong.
6. Correlation Statistical Analysis Technique
Correlation analysis is a technique in statistics used to study the strength of a relationship between
two continuous variables that are measured numerically. Researchers can use correlation analysis to
determine the strength and the direction of a relationship. This can be easily calculated through the
use of correlation coefficient and while the direction line is determined through the trend data on a
graph. Through the use of correlation analysis, you can investigate the naturally occurring variables
that may be impractical to investigate using other research methods.
44 | P a g e

7. Monte Carlo Simulation Statistical Analysis Technique
If you really want to up your analysis game, try using a Monte Carlo Simulation. It is one of the
most popular ways to calculate the effect of unpredictable variables on a specific factor. In the
Monte Carlo simulations, you can use probability modelling to predict risk and uncertainty. This
particular technique is often used to test a hypothesis or a scenario through random numbers and
data to stage various possible outcomes to any situation based on any results. By testing various
possibilities, the researcher is able to understand how random variables could impact their variables
of study.
These were 7 statistical analysis techniques for beginners that can be used to quickly and accurately
analyze data. They are the most basic statistical techniques that beginners can use in examining
their research data. Once the most basic of statistical techniques are mastered, you can move on to
more advanced techniques to look for complex patterns in your data
Non-Parametric Test
Non-parametric tests are experiments that do not require the underlying population for
assumptions. It does not rely on any data referring to any particular parametric group of probability
distributions. Non-parametric methods are also called distribution-free tests since they do not have
any underlying population. In this article, we will discuss what a non-parametric test is, different
methods, merits, demerits and examples of non-parametric testing methods.
Table of Contents:
•

•

What is a Non-parametric Test?
o

Non-parametric T Test

o

Non-parametric Paired T-Test

Non-parametric Test Methods
o

Mann Whitney U Test

o

Sign Test

o

Wilcoxon Signed-Rank Test

o

Kruskal Wallis Test

•

Advantages and Disadvantages

•

Applications

•

FAQs

What is a Non-parametric Test?
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Non-parametric tests are the mathematical methods used in statistical hypothesis testing, which do
not make assumptions about the frequency distribution of variables that are to be evaluated. The
non-parametric experiment is used when there are skewed data, and it comprises techniques that do
not depend on data pertaining to any particular distribution.
The word non-parametric does not mean that these models do not have any parameters. The fact is,
the characteristics and number of parameters are pretty flexible and not predefined. Therefore,
these models are called distribution-free models.

Non-Parametric T-Test
Whenever a few assumptions in the given population are uncertain, we use non-parametric tests,
which are also considered parametric counterparts. When data are not distributed normally or when
they are on an ordinal level of measurement, we have to use non-parametric tests for analysis. The
basic rule is to use a parametric t-test for normally distributed data and a non-parametric test for
skewed data.

Non-Parametric Paired T-Test
The paired sample t-test is used to match two means scores, and these scores come from the same
group. Pair samples t-test is used when variables are independent and have two levels, and those
levels are repeated measures.
•

Difference Between Parametric And Nonparametric

•

T-test Formula

•

Hypothesis Testing Formula

•

Chi-Square Test

Non-parametric Test Methods
The four different techniques of parametric tests, such as Mann Whitney U test, the sign test, the
Wilcoxon signed-rank test, and the Kruskal Wallis test are discussed here in detail. We know that
the non-parametric tests are completely based on the ranks, which are assigned to the ordered data.
The four different types of non-parametric test are summarized below with their uses, null
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hypothesis, test statistic, and the decision rule.

Kruskal Wallis Test
Kruskal Wallis test is used to compare the continuous outcome in greater than two independent
samples.
Null hypothesis, H0: K Population medians are equal.
Test statistic:
If N is the total sample size, k is the number of comparison groups, Rj is the sum of the ranks in the
jth group and nj is the sample size in the jth group, then the test statistic, H is given by:
H=(12N(N+1)∑kj=1R2jnj)−3(N+1)
Decision Rule: Reject the null hypothesis H0 if H ≥ critical value

Sign Test
The sign test is used to compare the continuous outcome in the paired samples or the two matches
samples.
Null hypothesis, H0: Median difference should be zero
Test statistic: The test statistic of the sign test is the smaller of the number of positive or negative
signs.
Decision Rule: Reject the null hypothesis if the smaller of number of the positive or the negative
signs are less than or equal to the critical value from the table.

Mann Whitney U Test
Mann Whitney U test is used to compare the continuous outcomes in the two independent samples.
Null hypothesis, H0: The two populations should be equal.
Test statistic:
If R1 and R2 are the sum of the ranks in group 1 and group 2 respectively, then the test statistic “U”
is the smaller of:
U1=n1n2+n1(n1+1)2−R1
U2=n1n2+n2(n2+1)2−R2

47 | P a g e

Decision Rule: Reject the null hypothesis if the test statistic, U is less than or equal to critical value
from the table.

Wilcoxon Signed-Rank Test
Wilcoxon signed-rank test is used to compare the continuous outcome in the two matched samples
or the paired samples.
Null hypothesis, H0: Median difference should be zero.
Test statistic: The test statistic W, is defined as the smaller of W+ or W- .
Where W+ and W- are the sums of the positive and the negative ranks of the different scores.
Decision Rule: Reject the null hypothesis if the test statistic, W is less than or equal to the critical
value from the table.
Advantages and Disadvantages of Non-Parametric Test
The advantages of the non-parametric test are:
•

Easily understandable

•

Short calculations

•

Assumption of distribution is not required

•

Applicable to all types of data

The disadvantages of the non-parametric test are:
•

Less efficient as compared to parametric test

•

The results may or may not provide an accurate answer because they are distribution free

Applications of Non-Parametric Test
The conditions when non-parametric tests are used are listed below:
•

When parametric tests are not satisfied.

•

When testing the hypothesis, it does not have any distribution.

•

For quick data analysis.

•

When unscaled data is available.

Q 14. (a) Explain in detail (i) Component matrix (ii) Transformation matrix.
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This is what attribution theory is concerned about. Attribution is a process by
A matrix is a definite collection of objects arranged in rows and columns These objects are
called elements of the matrix. The order of a matrix is written as number rows by number of
columns. For example, 2 × 2, 2 × 3, 3 × 2, 3 × 3, 4 × 4 and so on. We can find the matrix
inverse only for square matrices, whose number of rows and columns are equal such as 2 ×
2, 3 × 3, etc. In this article, you will learn what a matrix inverse is, how to find the inverse
of a matrix using different methods, properties and examples in detail.
Matrix Inverse
If A is a non-singular square matrix, there is an existence of n x n matrix A-1, which is called
the inverse matrix of A such that it satisfies the property:
AA-1 = A-1A = I, where I is the Identity matrix
The identity matrix for the 2 x 2 matrix is given by

It is noted that in order to find the inverse matrix, the square matrix should be non-singular whose
determinant value does not equals to zero.
Let us take the square matrix A

Where a, b, c, and d represents the number.
The determinant of the matrix A is written as ad-bc, where the value of determinant should not
equal to zero for the existence of inverse. The inverse matrix can be found for 2× 2, 3× 3, …n × n
matrices. Finding the inverse of a 3×3 matrix is a bit more difficult than finding the inverses of a 2
×2 matrix.

Inverse Matrix Method
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The inverse of a matrix can be found using the three different methods. However, any of these three
methods will produce the same result.
Method 1:

Similarly, we can find the inverse of a 3×3 matrix by finding the determinant value of the given
matrix.

Method 2:
One of the most important methods of finding the matrix inverse involves finding the minors and
cofactors of elements of the given matrix. Observe the below steps to understand this method
clearly.
•

The inverse matrix is also found using the following equation:
A-1= adj(A)/det(A),
where adj(A) refers to the adjoint of a matrix A, det(A) refers to the determinant of a matrix

A.
•

The adjoint of a matrix A or adj(A) can be found using the following method.
In order to find the adjoint of a matrix A first, find the cofactor matrix of a given matrix and

then
take the transpose of a cofactor matrix.
•

The cofactor of a matrix can be obtained as
Cij = (-1)ij det (Mij)

Here, Mij refers to the (i,j)th minor matrix after removing the ith row and the jth column. You can
also say that the transpose of a cofactor matrix is also called the adjoint of a matrix A.
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Similarly, we can also find the inverse of a 3 x 3 matrix. Here also the first step would be to find
the determinant, followed by the next step – Transpose.
Method 3:
Finding an Inverse Matrix by Elementary Transformation
Let us consider three matrices X, A and B such that X = AB. To determine the inverse of a matrix
using elementary transformation, we convert the given matrix into an identity matrix. Learn more
about how to do elementary transformations of matrices here.
If the inverse of matrix A, A-1 exists then to determine A-1 using elementary row operations
1. Write A = IA, where I is the identity matrix of the same order as A.
2. Apply a sequence of row operations till we get an identity matrix on the LHS and use the
same elementary operations on the RHS to get I = BA. The matrix B on the RHS is the
inverse of matrix A.
3. To find the inverse of A using column operations, write A = IA and apply column
operations sequentially till I = AB is obtained, where B is the inverse matrix of A.
Inverse of a Matrix Formula
Let A=[acbd] be the 2 x 2 matrix. The inverse matrix of A is given by the formula,
A−1=1ad−bc[d−c−ba]
Let A=⎡⎣⎢a11a21a31a12a22a32a13a23a33⎤⎦⎥ be the 3 x 3 matrix. The inverse matrix is:

Inverse Matrix 2 x 2 Example
To understand this concept better let us take a look at the following example.
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Example: Find the in

verse of matrix A given below:

Inverse Matrix 3 x 3 Example
Problem:

Solution:
Determinant of the given matrix is
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Let us find the minors of the given matrix as given below:

Now, find the adjoint of a matrix by taking the transpose of cofactors of the given matrix.

Now,
A-1 = (1/|A|) Adj A
Hence, the inverse of the given matrix is:
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Properties
A few important properties of the inverse matrix are listed below.
•

If A is nonsingular, then (A-1)-1 = A

•

If A and B are nonsingular matrices, then AB is nonsingular. Thus, (AB)-1 = B-1A-1

•

If A is nonsingular then (AT)-1 = (A-1)T

•

If A is any matrix and A-1 is its inverse, then AA-1 = A-1A = In, where n is the order of
matrices

Clustering Methods
Clustering methods can be classified into the following categories −
•

Partitioning Method

•

Hierarchical Method

•

Density-based Method

•

Grid-Based Method

•

Model-Based Method

•

Constraint-based Method

Partitioning Method
Suppose we are given a database of ‘n’ objects and the partitioning method constructs ‘k’ partition
of data. Each partition will represent a cluster and k ≤ n. It means that it will classify the data into k
groups, which satisfy the following requirements −
•

Each group contains at least one object.

•

Each object must belong to exactly one group.
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Points to remember −
•

For a given number of partitions (say k), the partitioning method will create an initial
partitioning.

•

Then it uses the iterative relocation technique to improve the partitioning by moving objects
from one group to other.

Hierarchical Methods
This method creates a hierarchical decomposition of the given set of data objects. We can classify
hierarchical methods on the basis of how the hierarchical decomposition is formed. There are two
approaches here −
•

Agglomerative Approach

•

Divisive Approach

Agglomerative Approach
This approach is also known as the bottom-up approach. In this, we start with each object forming
a separate group. It keeps on merging the objects or groups that are close to one another. It keep on
doing so until all of the groups are merged into one or until the termination condition holds.
Divisive Approach
This approach is also known as the top-down approach. In this, we start with all of the objects in the
same cluster. In the continuous iteration, a cluster is split up into smaller clusters. It is down until
each object in one cluster or the termination condition holds. This method is rigid, i.e., once a
merging or splitting is done, it can never be undone.
Approaches to Improve Quality of Hierarchical Clustering
Here are the two approaches that are used to improve the quality of hierarchical clustering −
•

Perform careful analysis of object linkages at each hierarchical partitioning.

•

Integrate hierarchical agglomeration by first using a hierarchical agglomerative algorithm to
group objects into micro-clusters, and then performing macro-clustering on the microclusters.
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Density-based Method
This method is based on the notion of density. The basic idea is to continue growing the given cluster
as long as the density in the neighborhood exceeds some threshold, i.e., for each data point within a
given cluster, the radius of a given cluster has to contain at least a minimum number of points.
Grid-based Method
In this, the objects together form a grid. The object space is quantized into finite number of cells
that form a grid structure.
Advantages
•

The major advantage of this method is fast processing time.

•

It is dependent only on the number of cells in each dimension in the quantized space.

Model-based methods
In this method, a model is hypothesized for each cluster to find the best fit of data for a given model.
This method locates the clusters by clustering the density function. It reflects spatial distribution of
the data points.
This method also provides a way to automatically determine the number of clusters based on
standard statistics, taking outlier or noise into account. It therefore yields robust clustering methods.
Constraint-based Method
In this method, the clustering is performed by the incorporation of user or application-oriented
constraints. A constraint refers to the user expectation or the properties of desired clustering results.
Constraints provide us with an interactive way of communication with the clustering process.
Constraints can be specified by the user or the application requirement.
Analysis of variance (ANOVA) is an analysis tool used in statistics that splits an observed
aggregate variability found inside a data set into two parts: systematic factors and random factors.
The systematic factors have a statistical influence on the given data set, while the random factors
do not. Analysts use the ANOVA test to determine the influence that independent variables have on
the dependent variable in a regression study.
The t- and z-test methods developed in the 20th century were used for statistical analysis until
1918, when Ronald Fisher created the analysis of variance method.1 2 ANOVA is also called the
Fisher analysis of variance, and it is the extension of the t- and z-tests. The term became well-
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known in 1925, after appearing in Fisher's book, "Statistical Methods for Research Workers."3 It
was employed in experimental psychology and later expanded to subjects that were more complex.
The Formula for ANOVA is:
\begin{aligned} &\text{F} = \frac{ \text{MST} }{ \text{MSE} } \\ &\textbf{where:} \\ &\text{F}
= \text{ANOVA coefficient} \\ &\text{MST} = \text{Mean sum of squares due to treatment} \\
&\text{MSE} = \text{Mean sum of squares due to error} \\ \end{aligned}F=MSEMST
where:F=ANOVA coefficientMST=Mean sum of squares due to treatmentMSE=Mean sum of squ
ares due to error
What Does the Analysis of Variance Reveal?
The ANOVA test is the initial step in analyzing factors that affect a given data set. Once the test is
finished, an analyst performs additional testing on the methodical factors that measurably
contribute to the data set's inconsistency. The analyst utilizes the ANOVA test results in an f-test to
generate additional data that aligns with the proposed regression models.
The ANOVA test allows a comparison of more than two groups at the same time to determine
whether a relationship exists between them. The result of the ANOVA formula, the F statistic (also
called the F-ratio), allows for the analysis of multiple groups of data to determine the variability
between samples and within samples.
If no real difference exists between the tested groups, which is called the null hypothesis, the result
of the ANOVA's F-ratio statistic will be close to 1. The distribution of all possible values of the F
statistic is the F-distribution. This is actually a group of distribution functions, with two
characteristic numbers, called the numerator degrees of freedom and the denominator degrees of
freedom.
KEY TAKEAWAYS
•
•
•

Analysis of variance, or ANOVA, is a statistical method that separates observed variance
data into different components to use for additional tests.
A one-way ANOVA is used for three or more groups of data, to gain information about the
relationship between the dependent and independent variables.
If no true variance exists between the groups, the ANOVA's F-ratio should equal close to 1.

What Is the Analysis of Variance (ANOVA)?
Example of How to Use ANOVA
A researcher might, for example, test students from multiple colleges to see if students from one of
the colleges consistently outperform students from the other colleges. In a business application, an
R&D researcher might test two different processes of creating a product to see if one process is
better than the other in terms of cost efficiency.
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The type of ANOVA test used depends on a number of factors. It is applied when data needs to be
experimental. Analysis of variance is employed if there is no access to statistical software resulting
in computing ANOVA by hand. It is simple to use and best suited for small samples. With many
experimental designs, the sample sizes have to be the same for the various factor level
combinations.
ANOVA is helpful for testing three or more variables. It is similar to multiple two-sample t-tests.
However, it results in fewer type I errors and is appropriate for a range of issues. ANOVA groups
differences by comparing the means of each group and includes spreading out the variance into
diverse sources. It is employed with subjects, test groups, between groups and within groups.
One-Way ANOVA Versus Two-Way ANOVA
There are two main types of ANOVA: one-way (or unidirectional) and two-way. There also
variations of ANOVA. For example, MANOVA (multivariate ANOVA) differs from ANOVA as
the former tests for multiple dependent variables simultaneously while the latter assesses only one
dependent variable at a time. One-way or two-way refers to the number of independent variables in
your analysis of variance test. A one-way ANOVA evaluates the impact of a sole factor on a sole
response variable. It determines whether all the samples are the same. The one-way ANOVA is
used to determine whether there are any statistically significant differences between the means of
three or more independent (unrelated) groups.
A two-way ANOVA is an extension of the one-way ANOVA. With a one-way, you have one
independent variable affecting a dependent variable. With a two-way ANOVA, there are two
independents. For example, a two-way ANOVA allows a company to compare worker productivity
based on two independent variables, such as salary and skill set. It is utilized to observe the
interaction between the two factors and tests the effect of two factors at the same time

What is Area Sampling?
Area sampling involves sampling from a map, an aerial photograph, or a similar area frame. It is
often the sampling method of choice when a sampling frame isn’t available.
For example, a city map can be divided into equal size blocks, from which random samples can be
drawn. Although area sampling is most often associated with maps, sometimes the samples might
be drawn from lists (Särndal & Swensson, 2003).
Two common random sampling methods used to sample within areas are stratified random
sampling and sampling with a probability proportional to the size of the area.
Clusters and Subsampling
The samples drawn from an area frame are often referred to as clusters. These clusters may be
subsampled several more times.
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For example, let’s say you wanted to sample from a population of middle school students. The first
sample might be drawn from a list of school districts, the second sample from a list of schools, the
third a list of classes and then finally a list of students within those classes. The “frame” in this
example is the four successive layers.
Advantages and Disadvantages of Area Sampling
Although area sampling using area frames is often the method of last resort, it does have a few
distinct advantages:
• Area frames can be used for multiple variables at the same time. For example, an area
sample on a city can collect data on land use, population and income statistics.
• There’s no overlap between sampling units; Every unit has an equal chance of being
selected. This complete coverage results in unbiased estimates.
Disadvantages include:
• Although the area frames can be used in subsequent surveys, they can quickly
become outdated (for example, if a city undergoes tremendous growth).
• Area frames can be costly to build.
• Outliers can be a problem, especially if your map has a few particularly dense or
sparse areas (for example a city that has a national park in its boundaries might have
zero population in some areas and a huge population in another
Types of Errors in Measurement
The errors in measurement may happen from the various sources which are generally categorized
into the following types. These are clarified beneath in details.
Systematic Errors
1. Gross Errors
2. Random Errors
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Types of Errors in Measurements
1. Systematic Errors
These types of systematic errors are generally categorized into three types which are explained
below in detail.
• Observational Errors
• Environmental Errors
• Instrumental Errors
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Systematic Errors
Observational Errors
The observational errors may occur due to the fault study of the instrument reading, and the sources
of these errors are many. For instance, the indicator of a voltmeter retunes a little over the surface of
the scale. As a result, a fault happens except the line of the image of the witness is accurately above
the indicator. To reduce the parallax error extremely precise meters are offered with reflected scales.
Environmental Errors
Environmental errors will happen due to the outside situation of the measuring instruments. These
types of errors mostly happen due to the temperature result, force, moisture, dirt, vibration otherwise
because of the electrostatic field or magnetic. The remedial measures used to remove these unwanted
effects include the following.

•
•
•
•

The preparation should be finished to remain the situations as stable as achievable.
By the instrument which is at no cost from these results.
With these methods which remove the result of these troubles.
By applying the computed modifications.
Instrumental Errors
Instrumental errors will happen due to some of the following reasons

Instrumental Errors
An inherent limitation of Devices
These errors are integral in devices due to their features namely mechanical arrangement. These may
happen due to the instrument operation as well as the operation or computation of the instrument.
These types of errors will make the mistake to study very low otherwise very high.
For instance – If the apparatus uses the delicate spring then it offers the high-value of determining
measure. These will happen in the apparatus due to the loss of hysteresis or friction.
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Abuse of Apparatus
The error in the instrument happens due to the machinist’s fault. A superior device used in an
unintelligent method may provide a vast result. For instance – the abuse of the apparatus may cause
the breakdown to change the zero of tools, poor early modification, with lead to very high resistance.
Improper observes of these may not reason for lasting harm to the device, except all the similar, they
cause faults.
Effect of Loading
The most frequent type of this error will occur due to the measurement work in the device. For
instance, as the voltmeter is associated to the high-resistance circuit which will give a false reading,
as well as after it is allied to the low-resistance circuit, this circuit will give the reliable reading, and
then the voltmeter will have the effect of loading on the circuit.
The fault which is caused by this effect will be beaten with the help of meters cleverly. For
illustration, once calculating a low-resistance with the method of ammeter-voltmeter, a voltmeter
will have an extremely high resistance value should be used.
2. Gross Errors
Gross errors can be defined as physical errors in analysis apparatus or calculating and recording
measurement outcomes. In general, these type of errors will happen throughout the experiments,
wherever the researcher might study or record a worth different from the real one, possibly due to a
reduced view. With human concern, types of errors will predictable, although they can be estimated
and corrected.
These types of errors can be prohibited by the following couple of actions:
•
•

Careful reading as well as a recording of information.
Taking numerous readings of the instrument by different operators. Secure contracts
between different understandings guarantee the elimination of every gross error.
3. Random Errors
This type of error is constantly there in a measurement, which is occurred by essentially random
oscillations in the apparatus measurement analysis or in the experimenter’s understanding of the
apparatus reading. These types of errors show up as dissimilar outcomes for apparently the similar
frequent measurement, which can be expected by contrasting numerous measurements, with
condensed by averaging numerous measurements.
The Measurement Errors Calculation
The calculation of errors in measurement system doesn’t mean that the dimension is not correct.
So the device measurement is not accurate due to the apparatus. These errors are categorized into
three type’s namely absolute error, relative error, and percentage error.
The absolute error can be defined as the variation between the values of actual and measured.
Absolute error = |VA-VE|
Percentage error (%) = (|VA-VE|/VE) x 100
Relative Error = Absolute error/actual value
Here, the measured value is denoted with VA, whereas the exact value is denoted with VE
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Measurement Errors Example
A length was calculated to be 5.8 feet, but the absolute length was 5.72 feet. Calculate the errors for
Absolute as well as percentage.
Here, VA = 5.8 feet and VE =5.62 feet
Absolute error = |VA-VE| =| 5.8-5.72| = 0.08ft
Percentage error (%) = (|VA-VE|/VE) x 100 = |0.08/5.62| x 100 = 1.423 %
Relative Error = |VA-VE|/ VE = 0.08/5.8 = 0.013
The above article gives a brief idea regarding sources of errors in measurement. A complete
conversation is beyond the range of this piece of writing. But, any additional information is welcome
to be included in the comments section below. Here is a question for you, what are the applications
of measurement errors?
Problem:
If the balloons popped, the sound wouldn’t be able to carry since everything would be too far away
from the correct floor. A closed window would also prevent the sound from carrying, since most
buildings tend to be well insulated. Since the whole operation depends on a steady flow of
electricity, a break in the middle of the wire would also cause problems. Of course, the fellow could
shout, but the human voice is not loud enough to carry that far. An additional problem is that a
string could break on the instrument. Then there could be no accompaniment to the message. It is
clear that the best situation would involve less distance. Then there would be fewer potential
problems. With face to face contact, the least number of things could go wrong. (p. 719)
Candidates were randomly assigned to one of three groups, and then each group was read the
passage under one of the following cue conditions:
•

Students were shown the picture before they heard the passage.

•

Students were shown the picture after they heard the passage.

•

Students were not shown any picture before or after hearing the passage.

Fifty-seven randomly selected students were randomly assigned to be in one of the three groups
with nineteen in each group. After hearing the passage under the assigned cue condition, they were
given a test and their comprehension of the passage was graded on a scale of 1 to 7 with 7 being the
highest level of comprehension. Note that the data collected from this study design will not be
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paired, but will be independent, with the outcomes in one treatment group not affecting the
outcomes in the other treatment groups
•

Null hypothesis: The long-run mean comprehension scores are the same under all three cue
conditions (after, before, none).

•

Alternative hypothesis: At least one of the long-run mean comprehension scores is different.

Means
•

Null hypothesis: There is no association between when/whether a picture is shown
and student comprehension of this passage in the population of interest.

•

Alternative hypothesis: There is an association between the variables in the
population

•

H0:μafter=μbefore=μnoneH0:μafter=μbefore=μnone, where μμ represents the longrun mean comprehension score.

•

HAHA: At least one of these parameter means is different from the others

Setα
It’s important to set the significance level before starting the testing using the data. Let’s set the
significance level at 5% here.

Condition sample_size mean

sd minimum lower_quartile median upper_quartile max

After

19

3.21 1.40

1

2.0

3

4

6

Before

19

4.95 1.31

2

4.0

5

6

7

None

19

3.37 1.26

1

2.5

3

4

6

The boxplot below also shows the mean for each group highlighted by the red dots.
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Conditions
Remember that in order to use the short-cut (formula-based, theoretical) approach, we need to
check that some conditions are met.
1. Independent observations: The observations are independent both within and across groups.
This condition is met since students were randomly assigned to be in one of the three groups
and were initially randomly selected to be a part of the study.
2. Approximately normal: The distribution of the response for each group should be normal or
the sample sizes should be at least 30.

.
3. Constant variance: The variance in the groups is about equal from one group to the next.
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This is met by observing the table above. The sd values are all relatively close and the
sample sizes are identical

The test statistic is a random variable based on the sample data.
The ratio of variability between the groups over the variability within the groups. This measure we
will call FF and it represents a measure of the difference in means.
A big observed FF ratio corresponds to the variability between groups over-powering the
variability within groups.
A small observed FF ratio means that the within group variability is much larger than the between
group variability.
FF is the defined as the ratio
F=MSGMSE.F=MSGMSE.
Here, MSGMSG is the within group variability. As a formula,
MSG=∑ki=1ni(X¯i−X¯)k−1MSG=∑i=1kni(X¯i−X¯)k−1
where X¯iX¯i is the mean for each group ii, and X¯X¯ is the overall mean.
Notice that this is very similar to the variance for looking at the group means compared to the
overall mean. In other words, this is the between group variability.
Also, note that MSEMSE can be thought of as a pooled variance estimate, which can be thought as
a measure of the within group variability:
MSE=∑i,j(Xij−X¯j)2ntotal−kMSE=∑i,j(Xij−X¯j)2ntotal−k
where ntotal=n1+n2+⋯+nkntotal=n1+n2+⋯+nk with nini being the sample size of group ii.
Observed test statistic
While one could compute this observed test statistic by “hand”, the focus here is on the set-up of
the problem and in understanding which formula for the test statistic applies. We can use
the inference function in the oilabs package to perform this analysis for us. Note that to obtain the F
value given here, you divide the observed MSGMSG value of 17.53 by the
observed MSEMSE value of 1.75. (The use of the word Residuals will make more sense when we
have covered regression.)
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pp-value
The pp-value—the probability of observing an F(dfG=2,dfE=54)F(dfG=2,dfE=54)
value of 10.012 or more in our null distribution—is 0.0002.
This can also be calculated in R directly:
This test directly without invoking the inference function using
the aov and anova functions. aov stands for analysis of variance and its form is similar to what is
done using the lm function with linear regression. It fits an analysis of variance model to the data in
the same way that lm fits a linear regression model to the data. anova displays the resulting
ANOVA table for the model fit.
comp_anova <- aov(formula = Comprehension ~ Condition, data = comp) anova(comp_anova)
Conclusion
sufficient evidence is there to reject the null hypothesis.
initial guess that a statistically significant difference existed in the means was backed by this
statistical analysis.
Evidence is there to suggest that student comprehension of an ambiguous prose passage is affected
by viewing a picture designed to aid them in their understanding either before or after or not at all.
Final note
•

With the conditions near being (or possibly) violated, randomization should be used to
compare our pp-value there with the value here to see if the assumptions may have been
violated.

•

assess whether the sampling distribution of the FF statistic matches well with a
Fisher’s FF distribution using randomization as well.

•

If the conditions are reasonable, the next step would be to calculate pairwise analyses to
better understand the reasons for the rejection of the null hypotheses in the ANOVA.
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Chi Square Practice
Answers
1.
A researcher is interested in examining the effects of a new drug on pain reports. A total of
90 participants are randomly assigned to one of three conditions (control/drug/placebo) and asked at
the end of one week of treatment whether they are experiencing arthritis pain (yes/no). The results
are presented below.
pain report
condition | No pain | pain
control
|6
| 24
drug
| 20
| 10
placebo
|8
| 22
a. Conduct a chi-square test of independence on the data and report whether
condition issignificantly related to pain report. Test at alpha = .05. Report results in
APA format.

A Chi-square test of independence revealed condition was significantly related to pain reports, X2 (2,
N =90) = 16.26,
< .05.
b. Calculate the effect size.

Cramer’s v = .43.
c. What is the probability someone is in pain, given they are in the control group? What
is theprobability someone is in pain, given they are in the drug group?

p (pain/control) = .80. p (pain/drug) = .33.
2.
The same researcher is interested in whether gender may be related to pain reports. For the
same sample as question 1, he examines the relation between pain reports and gender and presents the
findings below.
pain report
|
gender
Pain
Male
22
Female
24
12
a. Conduct a chi-square test of independence on the data and report whether gender
issignificantly related to pain report. Test at alpha = .05. Report results in APA
format.

A chi-square test of independence revealed that gender is significantly related to pain report, X2 (1,
N =90) = 4.04,
< .05.
b. Calculate the effect size.
$ = .21.
c. What is the probability someone is in pain, given they are male? What is the
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probabilitysomeone is in pain, given they are female?
p (pain/male) = .52. p (pain/female) = .73.
3.
The researcher for this same study wants to show that the sample he collected is
representative of the population in that community (Fresno, CA). He therefore compares the
ethnicity of his sample to that of the population in Fresno CA, based on the most recent census data.
Here are the results from the census data: 1% Native American, 15% African American, 25%
Hispanic, 50% Caucasian, 6% Asian American, 4% other. Compare those percentages to that of his
sample of 90 participants. Using a chi- square goodness of fit test, does his sample differ
significantly from that of the population of Fresno? Report your findings in APA format for
your test at alpha = .05.

Native American | 2 (.9)

Latino/Hispanic | 22 (22.3)
Caucasian
| 32 (44.6)
| 12 (3.6)

A chi-square goodness of fit test revealed that the sample proportions collected did differ
significantly from that of the population, X2 (5, N = 90) = 15.38, p < .05. However, it is noteworthy
that two of the expected cell frequencies fell below 5.
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