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UNIT 1 – Research Formulation and Design 

Syllabus 

• Motivation and Objectives of Research  

• Research Methods vs Research Methodology  

• Types of Research  

• Concept of Applied and Basic Research Process  

• Criteria of Good Research  

• Defining and Formulating Research Problem  

• Selecting Research Problem  

• Necessity of Defining Research Problem  

• Literature Review  

• Primary and Secondary Sources  

• Reviews  

• Monograph  

• Patents  

• Research Databases  

• Web as a Source  

• Searching the Web  

• Critical Literature Review  

• Identifying Research Gaps  

• Development of Working Hypothesis  

 

1. Research 

Definition: Research is a systematic, scientific, and logical investigation carried out to discover new knowledge, 
verify existing knowledge, solve problems, or develop new theories. 

According to the dictionary, 

Research means "a careful investigation or inquiry to discover new facts." 

 

 



Purpose of Research: 

Research is conducted to: 

• Discover new facts.  

• Solve existing problems.  

• Improve existing systems.  

• Develop new technology.  

• Test theories.  

• Generate innovations.  

• Support decision making.  

 

Characteristics of Research 

Good research is: 

• Systematic  

• Logical  

• Objective  

• Scientific  

• Empirical  

• Reproducible  

• Ethical  

• Controlled  

 

2. Motivation for Research 

Definition: Research motivation refers to the reasons that encourage a researcher to conduct research. 
 

Reasons for Conducting Research 

Academic Interest 

To gain knowledge. 

Example: 

A student researching AI algorithms. 

 

Solving Problems 

Finding solutions to real-world issues. 

Example: 

Reducing traffic congestion using machine learning. 

 

 



Career Growth 

Publishing papers helps in: 

• Higher education  

• PhD admissions  

• Promotions  

• Academic reputation  

 

Innovation 

Developing new products or technologies. 

Example: 

Creating a better battery. 

 

Social Welfare 

Research improves society. 

Examples: 

• Better healthcare  

• Environmental protection  

• Education systems  

 

Financial Benefits 

Industrial research may generate: 

• Patents  

• Commercial products  

• Startups  

 

3. Objectives of Research 

The major objectives are: 

• Discover new knowledge.  

• Verify existing theories.  

• Explain relationships.  

• Develop new methods.  

• Improve existing techniques.  

• Solve practical problems.  

• Predict future events.  

 

 



4. Research Methods vs Research Methodology 

This is one of the most frequently asked questions. 

Research Methods 

Research methods are the techniques and procedures used for collecting and analyzing data. 

Examples: 
• Interviews  
• Surveys  
• Questionnaires  
• Experiments  
• Observation  

 

Research Methodology 

Research methodology is the overall strategy, philosophy, and scientific approach followed to conduct research. 

It explains: 
• Why a particular method is chosen  
• How research is organized  
• How conclusions are drawn  

 

Difference Between Research Methods and Research Methodology 

Research Methods Research Methodology 

Specific techniques Overall research strategy 

Answers "How?" Answers "Why and How?" 

Data collection tools Scientific framework 

Practical implementation Theoretical foundation 

Narrow scope Broad scope 

 

 
 

5. Types of Research 

Research can be classified into several categories. 

 

A. Descriptive Research 

Definition: Descriptive research describes the characteristics of a phenomenon without attempting to determine 
cause-and-effect relationships. 

It answers: What exists? 

Examples 

• Population census  

• Customer satisfaction survey  

• Literacy rate study  

 

 



Advantages 

• Simple  

• Cost effective  

• Useful for data collection  

 

Limitations 

• Cannot establish causality  

• Limited prediction capability  

 

B. Analytical Research 

Definition:  Analytical research analyzes existing information to explain relationships or causes. 

It answers: Why does it happen? 

Example: Studying why online sales increased after introducing recommendation systems. 

 

Difference 

Descriptive Analytical 

Describes facts Analyzes facts 

What? Why? 

Observation Interpretation 

Simple Complex 

 

C. Applied Research 

Definition: Applied research is conducted to solve practical, real-world problems. 

Examples 
• Disease diagnosis using AI  
• Improving traffic systems  
• Smart irrigation  

Characteristics 
• Practical  
• Problem-oriented  
• Immediate application  

 

D. Fundamental (Basic) Research 

Definition: Fundamental research aims to generate new knowledge without immediate practical application. 

Examples 

• Quantum computing theory  

• Mathematical proofs  

• Physics research  

 



Difference 

Applied Fundamental 

Problem solving Knowledge creation 

Immediate use Future use 

Industry Universities 

 

E. Quantitative Research 

Definition: Quantitative research deals with numerical data. 

Uses: 

• Statistics  

• Graphs  

• Mathematical models  

Example 

Income survey of 500 households. 

Characteristics 

• Numerical  

• Objective  

• Large samples  

• Statistical analysis  

 

F. Qualitative Research 

Definition: Qualitative research studies opinions, experiences, attitudes, and behaviors. 

Example 

Interviewing patients about hospital experiences. 

Characteristics 

• Non-numerical  

• Subjective  

• Detailed  

• Exploratory  
 

Difference 

Quantitative Qualitative 

Numbers Words 

Statistics Opinions 

Objective Subjective 

Large samples Small samples 



G. Conceptual Research 

Definition: Conceptual research develops theories, concepts, or ideas without relying primarily on experimental data. 

Examples 

• Developing economic theories  

• New AI frameworks  

• Philosophical studies  

 

H. Empirical Research 

Definition: Empirical research is based on observation, experiments, and evidence. 

Examples 

• Laboratory experiments  

• Clinical trials  

• Software performance testing  

 

Difference 

Conceptual Empirical 

Theory-based Observation-based 

Abstract Experimental 

Uses ideas Uses evidence 

 

6. Basic Research Process 

A typical research process consists of the following steps: 

Identify Problem 
↓ 
Literature Review 
↓ 
Research Objectives 
↓ 
Hypothesis 
↓ 
Research Design 
↓ 
Data Collection 
↓ 
Data Analysis 
↓ 
Interpretation 
↓ 
Conclusion 
↓ 
Report Writing 

 



7. Criteria of Good Research 

A good research study should possess the following qualities: 

Systematic: Steps are organized. 

Logical: Conclusions follow evidence. 

Empirical: Based on observations. 

Objective: Free from personal bias. 

Accurate: Produces reliable results. 

Reproducible: Others should obtain similar results using the same methodology. 

Ethical: Honest and plagiarism-free. 

Valid: Measures what it intends to measure. 

Reliable: Produces consistent results. 

 

8. Research Problem 

Definition: A research problem is a specific issue, question, or gap that a researcher intends to investigate. 

Examples 

• Low accuracy of disease prediction.  

• High traffic congestion.  

• Cybersecurity threats in IoT.  

Characteristics of a Good Research Problem 

• Clear  

• Specific  

• Researchable  

• Significant  

• Feasible  

• Novel  

• Ethical  

 

9. Selecting a Research Problem 

Selection depends on: 

• Personal interest  

• Available resources  

• Time  

• Existing knowledge  

• Social importance  

• Research gap  

• Availability of data  



10. Necessity of Defining the Problem 

A clearly defined problem: 

• Guides the research.  

• Saves time.  

• Avoids confusion.  

• Improves methodology.  

• Produces meaningful results.  

 

11. Literature Review 

Definition: A Literature Review is a systematic study of previously published work related to the research topic. 

Objectives 

• Understand existing work.  

• Avoid duplication.  

• Identify research gaps.  

• Improve methodology.  

• Build theoretical background.  

 

Steps in Literature Review 

Choose Topic 
↓ 
Search Literature 
↓ 
Read Papers 
↓ 
Analyze Findings 
↓ 
Identify Gaps 
↓ 
Summarize 

 

12. Sources of Literature 

Primary Sources 

Original research. 

Examples: 

• Research papers  

• Conference papers  

• Patents  

• Theses  

• Technical reports  

 



Secondary Sources:  

Summaries or interpretations of original work. 

Examples: 

• Review articles  

• Books  

• Encyclopedias  

• Surveys  

 

Difference 

Primary Secondary 

Original Summarized 

First-hand Second-hand 

New findings Existing knowledge 

 

13. Review Articles 

A review article summarizes and evaluates multiple research papers on a specific topic. 

Purpose: 

• Understand current research.  

• Identify trends.  

• Find research gaps.  

 

 

14. Monograph 

Definition: A monograph is a detailed scholarly book focused on a single specialized subject. 

Example: Entire book on Deep Learning Optimization. 

 

 

15. Patent 

Definition: A patent is a legal right granted to an inventor that provides exclusive rights to make, use, or sell an invention 
for a limited period. 

 

Importance 

• Protects inventions.  

• Encourages innovation.  

• Prevents unauthorized copying.  

• Supports commercialization.  



 

16. Research Databases 

Research databases provide access to scholarly publications. Examples include: 

• IEEE Xplore  

• ACM Digital Library  

• ScienceDirect  

• SpringerLink  

• PubMed  

• Scopus  

• Google Scholar  

 

Advantages 

• Reliable information.  

• Peer-reviewed papers.  

• Citation tracking.  

• Advanced search.  

 

17. Web as a Source 

The Internet provides access to: 

• Journals  

• Reports  

• Government documents  

• Conference proceedings  

• Datasets  

 

Advantages 

• Easy access  

• Fast searching  

• Large amount of information  

• Global availability  

 

Limitations 

• Fake information  

• Outdated websites  

• Unverified content  

• Plagiarism risks  



18. Searching the Web Effectively 

Good practices: 

• Use precise keywords.  

• Use quotation marks for exact phrases.  

• Prefer scholarly databases.  

• Check publication dates.  

• Verify author credibility.  

• Cross-check information.  

 

19. Critical Literature Review 

Definition: A Critical Literature Review not only summarizes previous work but also evaluates its strengths, 
weaknesses, assumptions, and limitations. 

Objectives 

• Compare studies.  

• Identify strengths.  

• Identify weaknesses.  

• Find contradictions.  

• Identify research gaps.  

 

20. Identifying Research Gaps 

A research gap is an area that has not been sufficiently explored. 

Common gaps include: 

• Limited datasets  

• Small sample size  

• Poor accuracy  

• Lack of recent studies  

• Unexplored applications  

• Different geographical regions  

 

Importance 

Research gaps help researchers: 

• Select novel topics.  

• Avoid duplication.  

• Contribute new knowledge.  

 

 



21. Working Hypothesis 

Definition: A working hypothesis is a tentative assumption or prediction made before conducting research. 

It is tested using data and experiments. 

 

Example: "Students using AI-based learning tools perform better than those using traditional methods." 

The research determines whether this assumption is supported. 

 

Characteristics 

• Clear  

• Testable  

• Logical  

• Specific  

• Based on existing knowledge  

  

 

Important Difference Tables 

Research Method vs Research Methodology 

Research Method Research Methodology 

Technique or tool Overall research strategy 

Focuses on data collection and analysis Focuses on the reasoning behind method selection 

Narrow scope Broad scope 

 

Applied vs Fundamental Research 

Applied Fundamental 

Practical problem solving Knowledge generation 

Immediate application Long-term theoretical contribution 

Industry-oriented Academic-oriented 

 

Quantitative vs Qualitative Research 

Quantitative Qualitative 

Numerical data Non-numerical data 

Statistical analysis Interpretive analysis 

Objective Subjective 

 

 

 



Conceptual vs Empirical Research 

Conceptual Empirical 

Theory and ideas Observation and experimentation 

Abstract Evidence-based 

 

Descriptive vs Analytical Research 

Descriptive Analytical 

Describes characteristics Explains causes and relationships 

Answers "What?" Answers "Why?" 

 

Primary vs Secondary Sources 

Primary Secondary 

Original work Summarized or interpreted work 

Research papers, patents, theses Books, review articles, encyclopedias 

 

 

Unit 1 Quick Revision Sheet 

• Research: Systematic investigation to discover or validate knowledge.  

• Research Methods: Techniques used to collect and analyze data.  

• Research Methodology: Overall strategy and scientific rationale behind the research.  

• Types of Research: Descriptive, Analytical, Applied, Fundamental, Quantitative, Qualitative, Conceptual, 
Empirical.  

• Good Research: Systematic, objective, empirical, ethical, reliable, and valid.  

• Research Problem: Clearly defined issue or question to be investigated.  

• Literature Review: Study and evaluation of existing research to build background and identify gaps.  

• Sources: Primary (original research) and Secondary (summaries and reviews).  

• Research Databases: IEEE Xplore, ACM Digital Library, ScienceDirect, SpringerLink, PubMed, Scopus, Google 
Scholar.  

• Research Gap: Unexplored or insufficiently studied area that offers scope for new research.  

• Working Hypothesis: A testable preliminary assumption that guides the investigation. 

 

 

 

 

 

 



UNIT 2 – Data Collection and Analysis 

Syllabus 

• Aspects of Method Validation  

• Observation and Collection of Data  

• Methods of Data Collection  

• Sampling Methods  

• Data Processing  

• Data Analysis Strategies and Tools  

• Statistical Packages (SigmaStat, SPSS)  

• Student's t-Test  

• ANOVA  

• Hypothesis Testing  

 

1. Data Collection 

Definition: Data Collection is the systematic process of gathering information from various sources to answer research 
questions or test hypotheses. 

Simply,Data collection is the process of obtaining information required for research. 

 

Objectives 

• Obtain accurate information.  

• Support research objectives.  

• Test hypotheses.  

• Draw valid conclusions.  

• Reduce research bias.  

 

Importance of Data Collection 

Good data collection: 

• Improves research accuracy.  

• Increases reliability.  

• Produces valid conclusions.  

• Reduces errors.  

• Helps decision making.  

Poor data leads to poor research results. 

 

 

 



Types of Data 

Primary Data: Primary data is collected first-hand by the researcher for a specific research purpose. 

Examples: 

• Surveys  

• Interviews  

• Experiments  

• Questionnaires  

• Observations  

Advantages 

• Original  

• Specific  

• Highly relevant  

• More accurate  

Disadvantages 

• Time-consuming  

• Expensive  

• Requires planning  

 

Secondary Data: Secondary data is data that has already been collected by others. 

Examples 

• Books  

• Journals  

• Government reports  

• Research papers  

• Census reports  

• Online databases  

Advantages 

• Fast  

• Low cost  

• Easily available  

Disadvantages 

• May be outdated  

• Less specific  

• Unknown quality  

 

 



Primary vs Secondary Data 

Primary Data Secondary Data 

Original Already collected 

Expensive Less expensive 

Time consuming Quickly available 

Highly relevant May not perfectly match the study 

 

2. Observation Method 

Definition: Observation is a method of collecting data by directly watching people, events, or phenomena. 

 

Types of Observation:  

Direct Observation: Researcher personally observes. 

Example: Watching classroom behavior. 

 

Indirect Observation: Uses recordings or existing evidence. 

Example: CCTV footage. 

 

Participant Observation: Researcher actively participates. 

Example: Joining a study group. 

 

Non-Participant Observation: Researcher only observes without involvement. 

 

Advantages 

• Real behavior observed.  

• Accurate for behavioral studies.  

• No dependence on respondent memory.  

 

Disadvantages 

• Time-consuming.  

• Observer bias.  

• Limited scope.  

 

 

 

 

 



3. Methods of Data Collection 

Interview Method: Researcher asks questions directly. 

Types 

• Face-to-face  

• Telephone  

• Online interview  

 

Advantages 

• Detailed responses  

• Clarification possible  

Disadvantages 

• Costly  

• Time-consuming  

 

Questionnaire Method: Respondents answer written questions. 

Advantages 

• Low cost  

• Large sample  

• Easy analysis  

Disadvantages 

• Low response rate  

• Misinterpretation possible  

 

Survey Method: Collects data from many respondents. 

Applications 

• Customer satisfaction  

• Election polls  

• Market research  

 

Experiment Method: Researcher controls variables and measures outcomes. 

Example: Testing a new medicine. 

 

Observation Method: Already discussed above. 

 

 

 



Comparison of Data Collection Methods 

Method Best For Limitation 

Interview Detailed information Time consuming 

Questionnaire Large population Low response rate 

Survey Public opinion May contain bias 

Observation Behavior studies Limited control 

Experiment Scientific studies Expensive 

 

4. Sampling 

Definition: Sampling is the process of selecting a subset of a population to represent the entire population. 

 

Why Sampling? 

Suppose India has 1.4 billion people. 

Interviewing everyone is impossible. 

Instead,select a representative sample. 

 

Population vs Sample 

Population  Sample 

Entire group Small representative group 

All students in India 500 engineering students 

 

Types of Sampling 

Sampling is divided into: 

Sampling 
| 
------------------------ 
| 
Probability 
Non-Probability 

 

Probability Sampling: Every member has an equal chance of selection. 

 

Simple Random Sampling: Random selection. 

Example: Lottery method. 

 

Advantages 

• Unbiased  

• Simple  



Systematic Sampling: Every nth person selected. 

Example: Every 10th customer. 

 

Stratified Sampling: Population divided into groups. 

Example: Male and Female. 

Random sample taken from each group. 

 

Cluster Sampling: Population divided into clusters.Entire clusters selected. 

Example: Choose three schools instead of individual students. 

 

Non-Probability Sampling: Selection is not random. 

 

Convenience Sampling: Choose whoever is easily available. 

 

Judgment Sampling : Researcher chooses suitable participants. 

 

Quota Sampling: Fixed number selected from categories. 

 

Snowball Sampling: Existing participants recruit others.Useful for rare populations. 

 

Probability vs Non-Probability Sampling 

Probability Non-Probability 

Random Non-random 

Less bias More bias 

Scientific Less scientific 

Generalizable Limited generalization 

 

 

 

 

 

 

 

 

 

 



5. Data Processing 

Definition: Data Processing converts raw data into meaningful information. 

Steps 

Data Collection 
↓ 
Editing 
↓ 
Coding 
↓ 
Classification 
↓ 
Tabulation 
↓ 
Analysis 
↓ 
Interpretation 

 

Editing: Check for errors. 

Coding: Assign numbers or symbols. 

Example: Male = 1, Female = 2 

Classification: Group similar data. 

Tabulation: Arrange in tables. 

Analysis: Find patterns. 

Interpretation : Draw conclusions. 

 

6. Data Analysis 

Definition: Data Analysis is the process of examining, organizing, and interpreting data to answer research questions. 

Objectives 

• Find patterns.  

• Test hypotheses.  

• Support decisions.  

• Draw conclusions.  

 

Types of Data Analysis 

Qualitative Analysis: Deals with opinions. 

Methods:  

• Content analysis  

• Thematic analysis  

• Case studies  

 



Quantitative Analysis: Deals with numbers. 

Uses: 

• Mean  

• Median  

• Standard deviation  

• Statistical tests  

 

Data Analysis Strategies 

• Descriptive Statistics  

• Inferential Statistics  

• Correlation Analysis  

• Regression Analysis  

• Hypothesis Testing  

 

7. Statistical Software Packages 

Statistical software simplifies data analysis. 

 

SigmaStat: SigmaStat is statistical analysis software used for: 

• t-test  

• ANOVA  

• Correlation  

• Regression  

• Graph generation  

Advantages 

• Easy interface  

• Accurate calculations  

 

SPSS: Full Form: Statistical Package for the Social Sciences 

One of the world's most popular statistical analysis software packages. 

Applications 

• Education  

• Healthcare  

• Business  

• Psychology  

• Engineering  

• Market research  



Functions 

• Data entry  

• Graphs  

• Statistical analysis  

• Hypothesis testing  

• Regression  

• ANOVA  

• t-test  

Advantages 

• User-friendly  

• Powerful analysis  

• Widely accepted  

• Produces charts and reports  

 

SigmaStat vs SPSS 

SigmaStat SPSS 

Scientific analysis General statistical analysis 

Smaller scope Very comprehensive 

Research-oriented Industry & academic use 

 

8. Student's t-Test 

Definition: Student's t-Test is a statistical test used to compare the means of two groups and determine whether the 
difference between them is statistically significant. 

Applications:  

Example:  
Compare  Class A Marks   vs   Class B Marks 
Medical Example  : Drug A  vs  Drug B 

 

Types 

One Sample t-Test: Compare one sample with a known value. 

Independent t-Test: Compare two independent groups. 

Paired t-Test: Compare before-and-after measurements of the same subjects. 
 

Advantages 

• Simple  

• Widely used  

• Accurate for small samples  



Limitations 

• Assumes normal distribution.  

• Limited to two-group comparisons.  

 

9. ANOVA 

Full Form: Analysis of Variance 

Definition: ANOVA is a statistical method used to compare the means of three or more groups to determine whether 
at least one group differs significantly from the others. 

 

Example:  

Compare 

Teaching Method A 

Teaching Method B 

Teaching Method C 

 

Instead of multiple t-tests,ANOVA performs one overall comparison. 

 

Types:  

One-Way ANOVA: One independent variable. 

Two-Way ANOVA: Two independent variables. 

 

Advantages 

• Compares multiple groups simultaneously.  

• Reduces Type I error from repeated t-tests.  

• Efficient and widely used.  

 

Difference Between t-Test and ANOVA 

Student's t-Test ANOVA 

Compares two groups Compares three or more groups 

Simple More comprehensive 

Limited comparisons Multiple group comparison 

 

 

10. Hypothesis 

Definition: A Hypothesis is a testable statement about the relationship between variables. 

Example: "Students using AI tools score higher than students using traditional learning." 



 

Types of Hypothesis: 

Null Hypothesis (H₀): States that no significant difference or relationship exists. 

Example: "There is no difference in marks between online and offline teaching." 

 

Alternative Hypothesis (H₁): States that a significant difference or relationship exists. 

Example: "Students using online learning perform better than offline students." 

 

11. Hypothesis Testing 

Definition: Hypothesis Testing is a statistical process used to decide whether to accept or reject the null hypothesis 
based on sample data. 

Steps 

Research Problem 
↓ 
Null Hypothesis 
↓ 
Collect Data 
↓ 
Choose Statistical Test 
↓ 
Calculate Test Statistic 
↓ 
Compare Results 
↓ 
Accept or Reject H₀ 
↓ 
Conclusion 

 

Significance Level (α) 

Common value: 0.05 (5%) 

Interpretation: 

• α = 0.05 means accepting a 5% chance of making a Type I error (rejecting a true null hypothesis).  

 

 

Decision Rules 

If: 

p-value < 0.05 

Reject H₀ 

If: 

p-value ≥ 0.05 

Fail to reject H₀ 



Errors in Hypothesis Testing:  

Type I Error: Rejecting a true null hypothesis.False Positive. 

Type II Error: Failing to reject a false null hypothesis.False Negative. 

 

Important Difference Tables 

Primary vs Secondary Data 

Primary Data Secondary Data 

Collected first-hand Already collected by others 

More relevant May be less specific 

Time-consuming Quickly available 

 

Probability vs Non-Probability Sampling 

Probability Sampling Non-Probability Sampling 

Random selection Non-random selection 

Lower bias Higher bias 

Better generalization Limited generalization 

 

Interview vs Questionnaire 

Interview Questionnaire 

Face-to-face or verbal Written responses 

More detailed Faster for large groups 

Expensive Low cost 

 

Student's t-Test vs ANOVA 

Student's t-Test ANOVA 

Two groups Three or more groups 

Simpler More comprehensive 

Single comparison Multiple group comparison 

 

Null vs Alternative Hypothesis 

Null Hypothesis (H₀) Alternative Hypothesis (H₁) 

No significant difference Significant difference exists 

Default assumption Researcher's claim 

 

 



Unit 2 Quick Revision Sheet 

• Data Collection: Gathering information for research.  

• Primary Data: First-hand data collected by the researcher.  

• Secondary Data: Previously collected data from existing sources.  

• Data Collection Methods: Interview, Questionnaire, Survey, Observation, Experiment.  

• Sampling: Selecting a representative subset from a population.  

• Probability Sampling: Simple Random, Systematic, Stratified, Cluster.  

• Non-Probability Sampling: Convenience, Judgment, Quota, Snowball.  

• Data Processing: Editing → Coding → Classification → Tabulation → Analysis → Interpretation.  

• Data Analysis: Examination and interpretation of data using qualitative and quantitative techniques.  

• SPSS: Statistical Package for the Social Sciences; widely used for statistical analysis.  

• SigmaStat: Statistical software for scientific data analysis.  

• Student's t-Test: Compares the means of two groups.  

• ANOVA: Compares the means of three or more groups.  

• Hypothesis Testing: Uses sample data to decide whether to reject or fail to reject the null hypothesis.  

• Null Hypothesis (H₀): No significant difference.  

• Alternative Hypothesis (H₁): Significant difference exists.  

• Decision Rule: If p < 0.05, reject H₀; otherwise, fail to reject H₀. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT 3 – Research Ethics, IPR and Scholarly Publishing 

Syllabus 

• Research Ethics  

• Ethical Issues  

• Ethical Committees (Human & Animal)  

• Intellectual Property Rights (IPR)  

• Patent Law  

• Commercialization  

• Copyright  

• Royalty  

• TRIPS (Trade-Related Aspects of Intellectual Property Rights)  

• Scholarly Publishing  

• IMRAD Concept  

• Design of Research Paper  

• Citation and Acknowledgement  

• Plagiarism  

• Reproducibility  

• Accountability  

 

 

1. Research Ethics 

Definition: Research Ethics refers to the moral principles and professional standards that guide researchers in 
conducting honest, responsible, and fair research. 

Simply,Research ethics ensures that research is conducted honestly, safely, legally, and respectfully. 

 

Objectives of Research Ethics 

• Protect research participants.  

• Ensure honesty.  

• Prevent fraud.  

• Maintain scientific integrity.  

• Promote public trust.  

• Protect confidential information.  

• Encourage responsible research.  

 

 

 



Importance of Research Ethics 

Research ethics: 

• Builds trust in research.  

• Protects participants.  

• Improves research quality.  

• Prevents misconduct.  

• Encourages transparency.  

• Supports scientific progress.  

 

Principles of Research Ethics 

Honesty: Present data truthfully.Do not fabricate or manipulate results. 

Objectivity: Avoid personal bias.Results should depend on evidence, not opinions. 

Respect for Participants: Treat participants with dignity and respect.Participation should be voluntary. 

Integrity: Maintain consistency between actions and reported findings. 

Confidentiality: Protect participants' personal information. 

 

Informed Consent 

Participants must understand: 

• Purpose of research.  

• Risks.  

• Benefits.  

• Their right to withdraw.  

Consent should be obtained before participation. 

 

Responsibility 

Researchers are responsible for: 

• Their work.  

• Society.  

• Environment.  

• Participants.  

 

 

2. Ethical Issues in Research 

Ethical issues arise when research may negatively affect participants, society, or the environment. 

 

 



Common Ethical Issues 

Fabrication: Creating fake data. 

Example: Reporting survey responses that were never collected. 

 

Falsification: Manipulating research results. 

Example:Removing unfavorable observations to support a hypothesis. 

 

Plagiarism : Copying another person's work without proper acknowledgment. 

Data Manipulation: Changing data to achieve desired results. 

Confidentiality Violation: Sharing participants' private information without permission. 

Conflict of Interest: Personal or financial interests influencing research decisions. 

Harm to Participants: Physical, psychological, social, or financial harm caused during research. 

 

 

3. Ethical Committees 

Definition: An Ethical Committee (also called an Ethics Committee or Institutional Ethics Committee) reviews research 
proposals to ensure that ethical standards are followed. 

 

Objectives 

• Protect participants.  

• Ensure legal compliance.  

• Review research methods.  

• Approve ethical research.  

• Prevent unnecessary harm.  

 

Human Ethics Committee 

Reviews research involving human participants. 

Checks: 

• Informed consent.  

• Privacy.  

• Safety.  

• Risk-benefit balance.  

• Confidentiality.  

 

 

 



Example:  

Clinical trials 

Educational research 

Psychology experiments 

 

Animal Ethics Committee 

Reviews research involving animals. 

Ensures: 

• Humane treatment.  

• Minimum suffering.  

• Scientific necessity.  

• Proper care.  

 

Importance 

• Protects animal welfare.  

• Prevents unnecessary experiments.  

• Ensures ethical scientific practice.  

 

Human vs Animal Ethics Committee 

Human Ethics Committee Animal Ethics Committee 

Protects human participants Protects research animals 

Focuses on consent and privacy Focuses on humane treatment 

Approves human studies Approves animal studies 

 

 

4. Intellectual Property Rights (IPR) 

Definition: Intellectual Property Rights (IPR) are legal rights granted to creators and inventors over their intellectual 
creations. 

These creations may include: 

• Inventions  

• Books  

• Software  

• Music  

• Designs  

• Logos  

• Scientific discoveries  



Objectives of IPR 

• Protect innovation.  

• Encourage creativity.  

• Reward inventors.  

• Prevent unauthorized copying.  

• Promote economic growth.  

 

Types of Intellectual Property 

Patent: Protects inventions. 

Example: New AI algorithm. 

 

Copyright: Protects literary, artistic, musical, and software works. 

 

Trademark: Protects brand identity. 

Example: Company logo. 

 

Industrial Design: Protects product appearance. 

 

Trade Secret : Protects confidential business information. 

Example: Manufacturing process. 

 

5. Patent 

Definition: A Patent is an exclusive legal right granted to an inventor for a new, useful, and non-obvious invention for a 
limited period. 

 

Features 

• Exclusive ownership.  

• Prevents copying.  

• Commercial value.  

• Time-limited protection.  

 

Conditions for Patentability 

An invention must be: 

Novel: Completely new. 

Useful: Should have practical application. 

Non-Obvious: Should not be obvious to experts. 



Advantages 

• Legal protection.  

• Business opportunities.  

• Licensing income.  

• Encourages innovation.  

 

Patent Life: In many countries, including India, the standard patent term is 20 years from the filing date, subject to 
payment of maintenance fees. 

 

Patent Process 

Idea 
↓ 
Patent Search 
↓ 
Patent Application 
↓ 
Examination 
↓ 
Approval 
↓ 
Patent Granted 

 

6. Patent Law 

Patent Law governs: 

• Patent registration.  

• Patent protection.  

• Patent ownership.  

• Patent infringement.  

• Legal remedies.  

 

Objectives 

• Protect inventors.  

• Encourage innovation.  

• Promote technology transfer.  

• Support industrial growth.  

 

7. Commercialization 

Definition: Commercialization is the process of converting research findings or inventions into marketable products or 
services. 

 



Steps 

Research 
↓ 
Prototype 
↓ 
Patent 
↓ 
Production 
↓ 
Marketing 
↓ 
Sales 

 

Examples 

• AI software  

• Medical devices  

• Mobile applications  

• New medicines  

 

Advantages 

• Economic growth.  

• Job creation.  

• Revenue generation.  

• Technology transfer.  

 

8. Copyright 

Definition: Copyright is a legal right that protects original literary, artistic, musical, dramatic, and software works. 

 

Protected Works 

• Books  

• Software  

• Music  

• Movies  

• Research papers  

• Articles  

• Paintings  

 

 

 

 



Rights of Copyright Owner 

• Reproduce work.  

• Publish work.  

• Sell work.  

• Modify work.  

• License work.  

 

Advantages 

• Prevents unauthorized copying.  

• Protects authors.  

• Encourages creativity.  

 

Copyright vs Patent 

Copyright Patent 

Protects expression of ideas Protects inventions 

Automatic upon creation in many jurisdictions Requires formal application and grant 

Books, software, music Machines, products, processes 

 

 

9. Royalty 

Definition: Royalty is the payment made to the owner of intellectual property for the right to use it. 

Examples 

• Book author receives payment for each copy sold.  

• Music composer receives royalties when songs are played.  

• Software company licenses technology.  

Advantages 

• Continuous income.  

• Encourages innovation.  

• Supports licensing.  

 

10. TRIPS Agreement 

Full Form: Trade-Related Aspects of Intellectual Property Rights 

Definition: TRIPS is an international agreement that establishes minimum standards for the protection and 
enforcement of intellectual property rights among member countries of the World Trade Organization. 

 

 



Objectives 

• Standardize IPR protection.  

• Promote international trade.  

• Protect innovators.  

• Encourage technology transfer.  

 

Covers 

• Patents  

• Copyright  

• Trademarks  

• Industrial designs  

• Trade secrets  

 

Importance 

• International protection.  

• Encourages innovation.  

• Promotes fair trade.  

 

11. Scholarly Publishing 

Definition: Scholarly Publishing is the process of publishing research findings in academic journals, conference 
proceedings, books, or similar scholarly outlets. 

 

Purpose 

• Share knowledge.  

• Communicate discoveries.  

• Support future research.  

• Establish credibility.  

 

Types 

• Journal papers  

• Conference papers  

• Books  

• Book chapters  

• Technical reports  

 

 



Benefits 

• Academic recognition.  

• Career advancement.  

• Increased citations.  

• Knowledge sharing.  

 

 

12. IMRAD Format 

Full Form: Introduction Methods Results And Discussion 

This is the standard structure for most scientific research papers. 

 

Structure 

Title 
↓ 
Abstract 
↓ 
Introduction 
↓ 
Methods 
↓ 
Results 
↓ 
Discussion 
↓ 
Conclusion 
↓ 
References 

 

Introduction 

Explains: 

• Background  

• Problem  

• Objectives  

 

Methods 

Explains: 

• Data collection  

• Methodology  

• Experiments  

 

 



 

Results 

Presents: 

• Tables  

• Graphs  

• Findings  

 

Discussion: Interprets the results. 

Compares with previous studies. 

Explains significance. 

 

Advantages of IMRAD 

• Standard format.  

• Easy to understand.  

• Logical organization.  

• Widely accepted.  

 

13. Design of Research Paper 

A standard research paper contains: 
1. Title  
2. Abstract  
3. Keywords  
4. Introduction  
5. Literature Review (if required)  
6. Methodology  
7. Results  
8. Discussion  
9. Conclusion  
10. References  

 

14. Citation 

Definition: Citation means giving proper credit to the original author whenever their work is used. 

 

Importance 

• Avoids plagiarism.  

• Acknowledges original work.  

• Improves credibility.  

• Enables readers to locate sources.  

 

 



Citation Styles 

Common styles include: 

• APA  

• IEEE  

• MLA  

• Chicago  

• Harvard  

 

15. Acknowledgement 

Definition: Acknowledgement is the section where researchers thank individuals or organizations that supported the 
research. 

Examples: 

• Supervisor  

• Institution  

• Funding agency  

• Laboratory staff  

• Family  

 

Citation vs Acknowledgement 

Citation Acknowledgement 

Credits information sources Thanks contributors and supporters 

Mandatory when using others' work Usually optional but common 

 

16. Plagiarism 

Definition: Plagiarism is presenting another person's ideas, words, or work as one's own without proper 
acknowledgment. 

Types:  

• Direct Plagiarism: Copying exactly. 
• Mosaic Plagiarism: Changing a few words but keeping the original structure. 
• Self-Plagiarism: Reusing one's own previously published work without disclosure where such disclosure is required. 
• Accidental Plagiarism: Improper citation due to negligence or misunderstanding. 

Consequences 

• Paper rejection.  

• Academic penalties.  

• Legal consequences.  

• Reputation loss.  

• Degree cancellation (in severe cases).  



Prevention 

• Proper citation.  

• Use quotation marks where appropriate.  

• Paraphrase correctly.  

• Cite all sources.  

• Use plagiarism detection tools.  

 

17. Reproducibility 

Definition: Reproducibility means other researchers should be able to obtain consistent results by following the 
documented methods using the same or comparable data and procedures. 

 

Importance 

• Verifies findings.  

• Builds trust.  

• Improves scientific quality.  

• Detects errors.  

 

18. Accountability 

Definition: Accountability means researchers are responsible for the accuracy, honesty, and ethical conduct of their 
work. 

 

Responsibilities 

• Report truthful results.  

• Protect participants.  

• Follow ethical standards.  

• Maintain research records.  

• Accept responsibility for mistakes.  

 

Important Difference Tables 

Patent vs Copyright 

Patent Copyright 

Protects inventions Protects creative works 

Requires application and examination Often automatic upon creation 

Limited term (typically 20 years from 
filing) 

Term varies by jurisdiction, often based on the author's life plus additional 
years 

 

 



Citation vs Acknowledgement 

Citation Acknowledgement 

Credits original sources Thanks contributors and supporters 

Academic requirement Expression of gratitude 

 

Research Ethics vs Research Misconduct 

Research Ethics Research Misconduct 

Honest and responsible conduct Fabrication, falsification, plagiarism, and other unethical practices 

Builds trust Damages credibility 

 

Human Ethics Committee vs Animal Ethics Committee 

Human Ethics Committee Animal Ethics Committee 

Reviews human research Reviews animal research 

Protects participant rights Protects animal welfare 

 

Unit 3 Quick Revision Sheet 

• Research Ethics: Moral principles guiding responsible research.  

• Ethical Principles: Honesty, Integrity, Objectivity, Confidentiality, Respect, Informed Consent, Responsibility.  

• Ethical Issues: Fabrication, Falsification, Plagiarism, Data Manipulation, Privacy Violations, Conflicts of 
Interest.  

• Ethical Committees: Review research involving humans or animals to ensure ethical compliance.  

• IPR: Legal protection for intellectual creations.  

• Patent: Protects inventions; generally valid for 20 years from filing in India.  

• Copyright: Protects literary, artistic, musical, and software works.  

• Royalty: Payment made for the licensed use of intellectual property.  

• Commercialization: Converting research into products or services.  

• TRIPS: International agreement under the World Trade Organization establishing minimum standards for 
intellectual property protection.  

• Scholarly Publishing: Publishing research in journals, conferences, books, or similar academic outlets.  

• IMRAD: Introduction → Methods → Results → Discussion.  

• Citation: Credits original information sources.  

• Acknowledgement: Recognizes individuals or organizations that provided support.  

• Plagiarism: Using another person's work without proper attribution.  

• Reproducibility: Independent researchers can obtain consistent results using the documented methods.  

• Accountability: Researchers are responsible for the integrity and accuracy of their work. 

 



UNIT 4 – Interpretation and Report Writing 

Syllabus 

• Meaning of Interpretation  

• Techniques of Interpretation  

• Precautions in Interpretation  

• Significance of Report Writing  

• Steps in Writing Project Report  

• Layout of Project/Research Report  

• Types of Reports  

• Oral Presentation  

• Mechanics of Writing Research Report  

• Precautions while Writing Research Report  

• Conclusions  

 

1. Interpretation 

Definition: Interpretation is the process of explaining, understanding, and drawing meaningful conclusions from the 
analyzed data. 

Simply, Interpretation converts analyzed data into meaningful information. 

Example: Suppose analysis shows: 

Students using AI tools scored 15% higher. 

Interpretation: AI-assisted learning appears to improve academic performance. 

 

Objectives of Interpretation 

• Explain research findings.  

• Answer research questions.  

• Test hypotheses.  

• Draw logical conclusions.  

• Recommend future work.  

• Support decision making.  

 

Importance of Interpretation 

Interpretation helps: 

• Understand research results.  

• Identify relationships.  

• Explain observations.  

• Validate hypotheses.  

• Provide recommendations.  

• Generate new research ideas.  



Characteristics of Good Interpretation 

Good interpretation should be: 

• Logical  

• Objective  

• Scientific  

• Clear  

• Based on evidence  

• Consistent  

• Free from bias  

 

2. Techniques of Interpretation 

Researchers use several techniques while interpreting results. 

 

Logical Interpretation: Uses reasoning and evidence. 

Example: High attendance leads to better academic performance. 

 

Statistical Interpretation: Uses statistical tools. 

Examples 

• Mean  

• Standard deviation  

• Correlation  

• Regression  

• ANOVA  

• t-Test  

 

Comparative Interpretation: Compares findings with previous studies. 

Example: "Our results agree with earlier research." 

 

Graphical Interpretation: Uses charts. 

Examples 

• Bar chart  

• Pie chart  

• Histogram  

• Line graph  

 

 



Theoretical Interpretation: Relates findings to existing theories. 

 

Steps in Interpretation 

Analyze Data 
↓ 
Identify Patterns 
↓ 
Compare Results 
↓ 
Test Hypothesis 
↓ 
Draw Conclusions 
↓ 
Provide Recommendations 

 

3. Precautions in Interpretation 

Interpretation should be done carefully. 

Important precautions include: Avoid Bias 

Personal opinions should not influence conclusions. 

 

Use Reliable Data: Interpret only verified data. 

Avoid Over-Generalization: Do not make conclusions beyond the available evidence. 

Consider Limitations: Mention research limitations. 

Compare Previous Research: Support findings using earlier studies. 

Maintain Objectivity: Base conclusions on facts. 

Avoid Unsupported Claims: Every conclusion should be supported by evidence. 

 

 

4. Report Writing 

Definition: Research Report Writing is the systematic presentation of research work in a structured written form. 

It communicates: 

• Objectives  

• Methodology  

• Findings  

• Conclusions  

• Recommendations  

 

 

 

 



Objectives 

• Present research systematically.  
• Share knowledge.  
• Document findings.  
• Help future researchers.  
• Support decision making.  

 

Importance of Report Writing 

Report writing: 

• Communicates research.  
• Preserves knowledge.  
• Helps future research.  
• Improves credibility.  
• Supports publication.  
• Enables evaluation.  

 

Characteristics of Good Report 

A good report should be: 

• Clear  
• Accurate  
• Logical  
• Objective  
• Concise  
• Well organized  
• Grammatically correct  
• Properly referenced  

 

5. Steps in Writing a Project Report 

The report writing process generally follows these steps: 

Problem Selection 
↓ 
Literature Review 
↓ 
Research Design 
↓ 
Data Collection 
↓ 
Data Analysis 
↓ 
Interpretation 
↓ 
Conclusion 
↓ 
Report Writing 
↓ 
Revision 
↓ 
Final Submission 



Explanation of Each Step:  

Problem Selection: Choose a suitable research topic. 

Literature Review: Study previous research. 

Research Design: Prepare methodology. 

Data Collection: Collect information. 

Data Analysis: Analyze collected data. 

Interpretation: Explain results. 

Conclusion: Summarize findings. 

Final Report: Prepare the complete document. 

 

6. Layout of Project / Research Report 

A standard research report usually follows the structure below. 

Title Page 
↓ 
Certificate 
↓ 
Declaration 
↓ 
Acknowledgement 
↓ 
Abstract 
↓ 
Table of Contents 
↓ 
List of Figures 
↓ 
List of Tables 
↓ 
Introduction 
↓ 
Literature Review 
↓ 
Objectives 
↓ 
Methodology 
↓ 
Data Collection 
↓ 
Analysis 
↓ 
Results 
↓ 
Discussion 
↓ 
Conclusion 
↓ 
Future Scope 
↓ 
References  ->  Appendices 



Explanation of Sections 

Title Page: Contains 

• Title  

• Author  

• Institution  

• Date  

Certificate: Approval by supervisor. 

Declaration: Statement confirming originality. 

Acknowledgement: Thanks contributors. 

Abstract: Brief summary of the research. Usually 150–300 words. 

Table of Contents: Lists chapters and page numbers. 

Introduction: Background, Problem, Objectives, Scope 

Literature Review: Review of previous work. 

Methodology: Research methods used. 

Results: Research findings. 

Discussion: Interpretation of findings. 

Conclusion: Final observations. 

Future Scope: Possible future improvements. 

References: Books, Research papers, Websites, Journals 

Appendix: Questionnaires, Raw data, Additional material 

 

7. Types of Reports 

Technical Report: Prepared for experts. 

Contains: 

• Technical details  

• Data  

• Equations  

• Algorithms  

 

Popular Report: Prepared for general readers. 

Uses simple language. 

 

Research Report: Prepared for academic purposes. 

Includes complete research. 

 

 



Project Report: Prepared after completing a project. 

Thesis / Dissertation: Prepared for postgraduate or doctoral degrees. 

Progress Report :Shows ongoing work. 

Annual Report : Summarizes yearly activities. 

 

Difference Between Technical and Popular Report 

Technical Report Popular Report 

Technical language Simple language 

Experts General public 

Detailed Summary 

 

8. Oral Presentation 

Definition: An Oral Presentation is the verbal presentation of research findings before an audience. 

 

Objectives 

• Present research.  

• Explain methodology.  

• Discuss results.  

• Answer questions.  

 

Structure of Oral Presentation 

Greeting 
↓ 
Introduction 
↓ 
Objectives 
↓ 
Methodology 
↓ 
Results 
↓ 
Conclusion 
↓ 
Questions 

 

 

 

 

 

 



Characteristics of Good Presentation 

• Clear voice  

• Eye contact  

• Confidence  

• Proper timing  

• Good slides  

• Simple language  

 

Tips for Effective Presentation 

• Practice beforehand.  

• Maintain confidence.  

• Use visuals.  

• Speak clearly.  

• Avoid reading directly from slides.  

• Handle questions politely.  

 

Common Mistakes 

• Reading slides continuously.  

• Speaking too fast.  

• Too much text.  

• Poor eye contact.  

• Lack of preparation.  

 

9. Mechanics of Writing Research Report 

Mechanics refers to the technical rules followed while writing. 

 

Language: Simple, Professional, Formal 

Grammar: Correct grammar. 

Formatting: Consistent fonts, Margins, Spacing, Page numbering 

Headings: Proper hierarchy. 

Figures: Proper numbering, Caption below figure. 

Tables: Proper numbering, Title above table. 

Citation: Follow one citation style consistently. 

Examples: APA, IEEE, MLA 

References: Complete and accurate 

Proofreading: Check spelling, Grammar, Formatting 



10. Precautions While Writing Research Report 

Important precautions include: 

Maintain originality: Avoid plagiarism. 

Use simple language: Avoid unnecessary jargon. 

Ensure logical flow: Arrange chapters systematically. 

Verify references: Check every citation. 

Use correct grammar: Proofread multiple times. 

Avoid ambiguity : Be precise. 

Support statements with evidence: Do not make unsupported claims. 

Follow formatting guidelines: Institutional format should be followed. 

 

11. Conclusion 

Definition: The conclusion summarizes the entire research and presents the final outcome. 

Contents of Conclusion 

• Summary  

• Main findings  

• Hypothesis outcome  

• Contributions  

• Limitations  

• Future work  

Characteristics of Good Conclusion 

• Short  

• Clear  

• Logical  

• Evidence-based  

• No new information  

• Answers research objectives  

 

Important Difference Tables 

Interpretation vs Analysis 

Analysis Interpretation 

Processes data Explains the meaning of results 

Statistical calculations Logical conclusions 

Before interpretation After analysis 

 

 



Technical Report vs Popular Report 

Technical Report Popular Report 

Experts General public 

Technical language Simple language 

Detailed Brief and easy to understand 
 

Abstract vs Conclusion 

Abstract Conclusion 

Summary of the entire research at the beginning Final summary and findings at the end 

Appears before the main chapters Appears after discussion/results 
 

Oral Presentation vs Written Report 

Oral Presentation Written Report 

Verbal communication Written communication 

Uses speech and slides Uses formatted text and figures 

Interactive Non-interactive 

 

Unit 4 Quick Revision Sheet 

• Interpretation: Giving meaning to analyzed data and drawing conclusions.  

• Interpretation Techniques: Logical, Statistical, Comparative, Graphical, Theoretical.  

• Precautions: Avoid bias, use reliable data, avoid over-generalization, consider limitations, support conclusions 
with evidence.  

• Report Writing: Systematic presentation of research findings.  

• Steps in Report Writing: Problem Selection → Literature Review → Research Design → Data Collection → 
Analysis → Interpretation → Conclusion → Report Preparation → Revision.  

• Research Report Layout: Title Page → Certificate → Declaration → Acknowledgement → Abstract → Table of 
Contents → Introduction → Literature Review → Methodology → Results → Discussion → Conclusion → 
References → Appendix.  

• Types of Reports: Technical, Popular, Research, Project, Thesis/Dissertation, Progress, Annual.  

• Oral Presentation: Verbal communication of research findings with confidence, clarity, and visual aids.  

• Mechanics of Writing: Correct grammar, formatting, headings, figures, tables, citations, references, and 
proofreading.  

• Precautions in Report Writing: Maintain originality, use simple language, follow a logical structure, verify 
references, and adhere to formatting guidelines.  

• Conclusion: Final summary of findings, limitations, contributions, and future scope without introducing new 
information. 

 

Disclaimer 
These notes are AI-generated for educational purposes and may contain minor inaccuracies or differ slightly from official study material. Please verify important 
topics with your syllabus and classroom notes. 
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