Introduction

In this chapter, students will learn the concept of hypothesis testing and its role in data analysis.
They will understand what a hypothesis is and how research questions are converted into
testable hypotheses. The chapter introduces different types of hypotheses, including the null
hypothesis (H,), and explains how to formulate correct hypotheses. Students will explore key
concepts such as test statistics, critical regions, and p-values, and learn their importance in
decision-making. They will follow the step-by-step process of hypothesis testing through
simple numerical examples. The chapter also highlights the role of data visualization in
presenting and linking results with hypotheses. In addition, students will learn about ethical

issues such as bias and responsible use of data. By the end of this chapter, students will be able
to interpret results and communicate conclusions clearly.

7.1 Introduction to Hypothesis Testing

Hypothesis testing is a method used to make decisions using data. It checks whether an
assumption is true or false. This method is widely used in research and analysis. Hypothesis
testing follows a clear process that helps accept or reject assumptions. Data is collected and
analyzed carefully. This method reduces guesswork as it supports evidence-based decisions,

Meaning of Hypothesis
A hypothesis is an assumption or statement in research that is made before testing begins. The
statement can be tested using data. A hypothesis predicts an outcome; therefore, must be clear
and measurable. Data is used to check it. A correct hypothesis guides analysis. It helps focus
the study.
ho(x)=y
Where:

«  hO(x): The hypothesis function with parameters ( 6) applied to input ( x ).

e (x): The input features or data points (e.g., attributes of a dataset).




*  (y): The predicted output or target value (the model’s prediction for the given input).
( 0): Parameters or weights of the model (for example, coefficients in a linear
regression model).
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Rr:Learch Questions and Hypotheses l
Research questions define what is being studied. A hypothesis is formed from the research
question. Questions guide data collection. Hypotheses provide possible answers. Clear
questions lead to clear hypotheses. Both are closely connected. Good research starts with gmd

%

ions. Hypotheses make the analysis focused. They improve study direction.

R(ll(‘ of H\pothe%ls Testing in Data Analysis .

'Hynothesw testing helps analyze data logically to check whether results are meaningful.
iing avoids random conclusions. It compares results with expectations. Hypothesis tes@ng
supports accuracy, which is used in experiments and surveys. Decisions are based on cwdeqce
it method improves confidence in results. g
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7.2 Types of Hypotheses |
Hy]:ptheses are classified into different types. Each type has a specific purpose. The most
conimon types are null and alternative hypotheses These types work together in testﬁlg
Correct hypotheses improve analysis quality by reducing confusion. They guide decision-
malking. Understanding hypothesis types is important. They form the base of hypothesis tcst%:g

[

Students write a null and alternative hypothesis for marks or percentagc sntuanon Discuss
correctness.

Nwll Hypothesis (Hp)

The null hypothesis states that there i is no effect or difference. It is written as a default
assimption. Data is tested against this hypothesis. If evidence is strong, the null hypothesis is
reje ted. It is usually represented by H,. The null hypothesis helps avoid bias. It provides &
coninarison base. Many tests start with this hypothesis. It is important in decision-making.

Altprnatne Hypothesis (H; or H.)

The alternative hypothesis states that there is an effect or difference. It is written as opposit¢ of
the null hypothesxs It is represented by H, or Ha. The goal of testing is often to support this
hypbthesm Evidence must be strong to accept it. It represents change or impact. Alternative
hyputheses guide research direction. They explain expected outcomes. Testing compares both
hyptheses.
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Example:

Sample Research Questions and Hypotheses:

Research Question:

Does the amount of study time affect students' exam scores?

Hypothesis: '

Ho (Null Hypothesis): There is no significant relationship between study time and exam
scores. : :

H: (Alternative Hypothesis): The amount of study time significantly affects students' exam
scores.

Formulating correct hypotheses

Correct hypotheses must be clear and specific. They should be testable using data. Vague
statements reduce accuracy. Hypotheses must match research questions. Variables should be
defined clearly. Simple language improves understanding. Correct formulation saves time. It
leads to reliable results. Proper hypotheses improve analysis quality.

7.3 Concepts in Hypothesis Testing
Hypothesis testing uses several important concepts to make correct decisions. Each concept has
a specific role in testing. Understanding them avoids confusion. They guide acceptance or

rejection of hypotheses. These concepts are used together. Proper knowledge improves
accuracy. They are applied in data analysis. Learning these concepts is essential.

Test Statistics _

Test statistics are numerical values. They are calculated from sample data. These values
summarize data behavior. Test statistics help compare results and support decisions. They show
how far results are from expectations. Different tests use different statistics. Examples include
t-value and chi-square value.

T-value Test:
7= X—Hy
b
Jn
Where:
i3 Sample mean _
e u,: Population mean under the null hypothesis
(R Sample standard deviation
e n Sample size
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Exlmple.
Supﬁ;nse we have a sample of 25 students with an average score of 80, and we want to test !f

the mean score is significantly different from the population mean of 75. The sample
standard deviation is 10.
80=T535 . S5
t= 0 —E—E—ZS

; 25 5
Chi-Square Test:

I ‘ 2 (0,—E)’

| X = Z i Ef i
Where:

» O : Observed frequency in each category

} P Ei: Expected frequency in each category |

Exsmple: !
Supposc you roll a fair die 60 times and observe the following frequenmes |

‘ ' Face of Dle Observed Frequem_:y ((01)) Expected Frequency ((E;))

RS 100 e O SR 4
- [ 2 12 10 S |
l | 3 8 : 10 ; f-l
' 4 14 10 spac SR i
.5 B SISOl S 110 SO _____J '
BN SN ) e B 10 '
’ : ch=(10—10) (12 10) (8 10) (14 10) (9 10) (‘? 10)
| 10 10 10 10 10 - 10

: 4 4 16 1 9 |
=0 —F—t—+—+— : !
10 10 10 10 10 |

¥=0+04+04+1.6+0.1+09=34
New, the calculated x* value is 3.4, and we would compare this value against the critical

value from the Chi-Square distribution table at a certain significance level (e.g., a = 0.05)
an¢ degrees of freedom to make a decision.

Cpgtical Region
The critical region is a range of values. If test statistics fall in this region, the null hypothesit is -
reje ted. It is defined before testing. The region depends on the significance level. It shaws
extieme outcomes, Critical regions help make decisions. They reduce uncertainty. Graphs often
sho v critical regions. Understanding this concept is important.

= EEEEES £ - s




Significance Level

The significance level shows risk of error. It is written as alpha. Common values include 0.05.
It defines how strict a test is. Lower values mean stricter testing. It is chosen before analysis.
Significance level controls false results and affects decision-making. Proper choice improves

reliability.

P-value and its Importance

The p-value shows the strength of evidence against the null hypothesis. It measures the
probability of getting the observed results, or more extreme results, if the null hypothesis is
true. A small p-value supports the rejection of the null hypothesis because it suggests that the
result is unlikely to have occurred by chance. The p-value is compared with the significance
level, such as (0.05), to make a decision.

For example, suppose a teacher wants to test whether a new teaching method improves
students’ marks. The null hypothesis states that the new method has no effect. After analysing
the test scores, the p-value is found to be (0.03). Since (0.03 < 0.05), the null hypothesis may
be rejected. This means there is statlstlcal evidence that the new teaching method may have
improved students’ performance.

- Similarly, in medicine, researchers may test whether a new drug is more effective than an old
drug. If the p-value is (0.01), it gives strong evidence that the improvement is unlikely to be
due to chance alone. ' : ;

P-values help simplify statistical decisions and support data-driven conclusions. A clear
understanding of p-values helps avoid mistakes, such as rejecting or accepting a hypothesis
without proper evidence.

7.4 Performing Hypothesis Tests

Performing hypothesis tests follows a clear process (as shown in Figure 7.1). The process starts
with defining hypotheses. Data is collected carefully. Test statistics are calculated. Results are
- compared with criteria. A decision is then made. Proper steps reduce errors. This process
ensures f'alr testmg Hypothesis testing supports reliable conclusions.




" 1. State the Hypothesis |
'Lz. Set Significance Level |
1

3.Collect Data |

.

[ 4. Perform a Test ]

If p-valuwra_Mvaluc <oy ol

Figure 7.1; Hypothesis Testing Process
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d from samples. Test statistics are calculated The p—value is found. Results
ared with the mgmﬁcance level. A decision is made to accept or reject.

= examples help understand testing. One example is testing exam results. Anothqr
vle is checking average height. Data is collected from samples. Results are analyzed using
basic tests. Conclusions are drawn clearly. Simple examples build confidence. They explain
concept easily.

Advanced Tests: F-Test and Chi-Square Test

Advanced tests handle complex data. The F-test compares variances. It is used in analysis 6f
varia*cc. The Chi-Square test checks relationships. It is used with categorical data. These tesls
suppert deeper analysis. They follow strict rules. Understanding them improves skills.
Advaced tests expand knowledge. :

F-t&s’ Example:
_5
s

Whire:

© 8] =Variance of samplel
+ 82 = Variance of sample 2
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Example: .
Suppose we have two groups of students:
Sample 1 variance = 16
Sample 2 variance =9

F=16/9=1.78
The calculated F-value (1.78) is compared with a critical value from the F-table to decide
whether the variances are significantly different.

Example:

Numerical Example: Hypothesis Testing

A school wants to check whether a new teaching method has improved students’ marks.
The previous average marks were 70. .

A sample of 10 students taught with the new method obtained the following marks:
72,75, 78,74, 77, 80, 76, 79, 81, 78

Step 1: State the Hypotheses

Null Hypothesis (Hy): The new method does not improve marks (p=70)
Alternative Hypothesis (H;): The new method improves marks ( 1> 70))

Step 2: Set Significance Level
a=0.05

Step 3: Calculate Sample Mean

_ Sumof allvalues _ 770 _ 77
n 10

=

Step 4: Calculate Standard Deviation

> (= "7‘)2 70
s=\‘—n’_T——=J;=2.79 ;

Step 5: Calculate t-;valué
JFp 11=-70 7
s/n 2.79/J10 0.88

Step 6: Decision Rule

: df=n-1=10-1=9 _ :
Using the t-distribution table or statistical software, the p-value for t = 7.93and df = 9 is
approximately: p =0.00002 : =

For (df = 9), the p-value is very small (p <0.05)

1 7.93




We réject the null hypothesis. ' . /|
Final Conclusion :
The new teaching method significantly improves students’ marks.

] ;

7.5 Data Visualization For Hypothesis T esting
Data v sualization plays an important role in hypothesis testing by presenting data in a clear
and un lerstandable form. It helps researchers observe patterns, trends, and relationships in data
before applying statistical tests. Visual representations make complex data easier to interpret
and retuce the chances of misunderstanding results. Through charts and graphs, differences
between groups can be easily compared (as shown in Figure 7.2). Visualization also assists i
identif ing outliers and anomalies in datasets. It supports better decision-making by providin
visual “vidence. Overall, data visualization strengthens the process of hypothesis testing b
improvqﬁng clarity and accuracy.
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| Figure 7.2: Data Visualization

ImpoBtance of Data Visualization :
Data visualization is important because it converts raw data into meaningful visual forms. It
helps researchers quickly understand large datasets that are difficult to analyze numerically.
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statistical findings. Therefore, data visualization is an essential step in data analysis and
hypothesis testing,

Graphs and Charts for Presenting Results :

Graphs and charts are commonly used tools for presenting results in hypothesis testing. Bar
charts are useful for comparing categories or groups. Line graphs show frends and changes
over time. Pie charts represent proportions and percentages effectively. Scatter plots display
relationships between two variables. These visual tools make results more attractive, clear,

and easier to interpret (as shown in Figure 7.2).

Linking Data Visuals With Hypotheses

Data visuals help in directly linking results with the proposed hypothesis. They allow
researchers to visually check whether the data support or reject the hypothesis. For example, a
comparison graph can show differences between control and experimental treatment groups.
Trends in line graphs can confirm predicted outcomes. Scatter plots help identify relationships
stated in the hypothesis. Visual evidence strengthens logical reasoning in hypothesis testing.
Thus, data visualization provides strong support in validating or disproving hypotheses.

7.6 Ethical Issues in Data Science and Analysis

Ethical issues are a major concern in data science and data ana1y51s As data is collected and
analyzed on a large scale, it must be handled responsibly. Ethical practices ensure fairness,

accuracy, and trust in data-driven decisions. Poor ethical standards can lead to the misuse of
data and harm individuals or groups. Data scientists must follow ethical guidelines while
collecting, processing, and interpreting data. Transparency and accountability are essential in
every stage of data analysis. Ethical awareness helps maintain public confidence in data science
applications.

DO YOU KNOW? ===

Bias in Data Collection and Analysis

Bias in data collection occurs when data does not fairly represent all groups. This can happen
due to limited data sources or unfair sampling methods. Biased data leads to inaccurate and
misleading analysis results. During analysis, personal assumptions may also introduce bias.
Such bias can affect decision-making and reinforce unfair outcomes. Identifying and mitigating
bias is essential for reliable results. Therefore, careful data collection and objective analysis are
necessary to ensure fairness. Here are simple examples of bias in data collection and analysis:

l. Survey Bias: A survey about student performance is conducted only in top-performing
schools, ignoring average or low-performing schools.




Bl

Sampling Bias: A health study includes only young adults so results do not represent
older people. fﬂ

Gender Bias: A hiring dataset contains mostly male caudldates leading the mode! to

favour male applicants.

- Geographical Bias: Data collected only from urban areas is used to make decisions for
rural populations. '

Confirmation Bias: A researcher focuses only on data that supports their belief and
ignores contradictory results.

misinterpretation and misuse of findings. Thus, truthful reporting strengthens credibility & nd
3l in data analysis. . :

Inferpreting Test Results
Inté preting test results involves undcrstandmg what statistical outcomes mean. It mcl es

ana yzing values such as p-values, confidence levels, or test statistics. Results help de: e
whither a hypothesis is accepted or rejected, Researchers must consider the context of the ata

e interpreting results. Misinterpretation can lead to incorrect conclusions. ar
xh;ganation of results is essential for accuracy. Proper interpretation ensures reliable and

e
mesningful findings.
f:un
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Presenting Findings Clearly

Presenting findings clearly helps readers easily understand research outcomes. Results should
be organized in a logical and structured way. Tables, charts, and graphs can be used to support
explanations. Simple.language should be used instead of technical jargon. Key points must be
highlighted for better understanding. Clear presentation reduces confusion and improves
communication. Well-presented findings make the research more effes:tive and useful.

Connecting Conclusions to Hypotheses

Conclusions must be directly linked to the original hypotheses. Researchers should clearly state
whether the hypothesis is supported or not. Data and test results should justify the conclusion.
Personal opinions should not influence the final conclusion. Clear connections strengthen the
validity of research. This step ensures logical consistency in the study. (Connecting conclusions
to hypotheses completes the research process effectively. '
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Hypothems
A hypothesis is a testable statement or assumption abuut a population, situation, or
thﬂShlp between variables.

H othesis Testmg

Hypothesis testing is a statistical method used to decide whether there is enough evidence in

sample data to support or reject a claim.

qul Hypothesis

The null hypothesis, written as (H_0), states that there is no szgmﬂcant difference, effect, or

rehnonshlp between variables. 4

Allernative Hypothes:s

The alternative hypothesis, written as (H_1) or (H_a), states that there is a significant

difference, effect, or relationship between variables. .

Test Statistic |

A lest statistic is a numerical value calculated from sample data and used to make a deci

in hypothesis testing. Examples include (2), (t), and (F) values.

Ciritical Reglon

The critical region is the area in a statistical distribution where the null hypothesis is rej

Sléniﬂcance Level

The significance level, denoted by (\alpha), is the maximum probability of re_;ecnng the
~hypothesis when it is actually true. A common value is (0. 05)

p-value

The p-value shows the probability of obtaining the observed result, or a more extreme result,

if the null hypothesis is true. A small p-value provides evidence against the null hypothesis.

Décision Rule

A decision rule is used to dec:de whether to reject or fail to reject the null hypothesis. For

example, if (p-value < a), the null hypothesis is rejected.

Duta Visualisation !

Do ta visualization is the use of graphs charts, and diagrams to present data clearly and I’

support the interpretation of hypothesis testing results.

Blas

B as is an unfair influence in data collection, analysis, or interpretation that may lead to \
inorrect or misleading conclusions.

Ethical Use of Data

E nical use of data means collecting, analysing, and reporting data honestly, fairly, and
r¢ ponsibly while protecting privacy and avoiding misuse.

C ymmunicating Results -

C 'mmunicating results means presenting findings clearly, accurately, and in relation to the
ongmal hypothesis so that readers can understand the conclusion. -




§ Multiple Choice Questions

1. A hypothesis is:

(2) A final result (b) A test value
(c) A proposed explanation (d) A dataset
2. The null hypothesis represents:
(a) An alternative idea (b) No effect or no difference
(c) A final conclusion (d) A prediction model
3. The symbol uséd for the null hypothesis is:
(@) (H_I) (b) (H_2)
(c) (H_0) (d) (H_x)
4. A p-value is used for:
(a) Measuring accuracy (b) Testing a hypothesis

(c) Measuring variance

5. If(p-value < a ), the decision is to:

(a) Accept (H 0)
(c) Ignore data
6. The critical region is the:
(a) Safe area
(¢) Data range
An example of a test statistic is:
(a) Mean
(c) Mode
8. Data visualisation is used to:
(a) Store data
(c) Delete data

9. A chart useful for comparison is:
(a) Pie chart
(c) Table

0. Bias in data means:;
(a) Correct data
(¢) Unfair repre‘sentation

# Short Questions

What is a hypothesis?
What is a research question?
Define null hypothesis (Ho).
What is a test statistic?
What is meant by p-value?

e

(d) Data storage

(b) Reject (H_0)
(d) Recalculate the mean

(b) Rejection area
(d) Sample space

(b) t-value

(d) Median

(b) Present results clearly
(d) Calculate the mean

- (b) Bar chart

(d) Text

(b) Balanced data
(d) Random data




6.
7.
8. |
9.
1

‘important.

B Answer Key

Semae e

=

at is a critical region?
What are the basic steps in hypothesis testmg‘?
y is data visualization important?
hat is bias in data collection?
hy is ethical use of data important?

: Long Questions

Explain the concept of hypothesis testing and its role in data analysis.

Describe different types of hypotheses and explain how to formulate correct hypothes
xplain key concepts in hypothesis testing, including test statistics, critical region, and p-
alue. ; '

Discuss thie steps involved in performing hypothesis testing with a suitable example.

* Explain the importance of data visualization in hypothesis testing and how graphs hel

present results.
Discuss ethical issues in data science, including bias, ethical use of data, and responsilile
communication. _
Explain how to interpret hypothesis testing results and connect conclusions to hypotheses.
Describe how findings should be communicated clearly in data analysis and why it is
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