
Research Problem Identification

Prof. Pranay Kumar Saha

Introduction to Research Problems

A research problem is a specific issue, challenge, or gap in knowledge that needs to be
addressed through systematic investigation. Identifying the right research problem is a
critical step in ensuring impactful research.

Importance of a Research Problem

• Guides the research process and defines the direction.

• Ensures that the research is relevant, novel, and significant.

• Helps in achieving focused and actionable results.

Types of Research Problems

• Theoretical Problems: Focus on advancing fundamental knowledge, such as
developing new theories, frameworks, or algorithms.

– Definition: These problems aim to advance conceptual understanding with-
out immediate real-world application.

– Examples:

∗ Developing a new sorting algorithm with lower time complexity.

∗ Creating a theoretical model to predict network congestion in distributed
systems.

– Use Case in Computer Science: Enhancing theoretical understanding of
cryptographic methods for ensuring data integrity.

• Practical Problems: Address real-world challenges using existing knowledge or
frameworks.

– Definition: These problems solve specific, tangible issues faced in industry
or daily life.

– Examples:

∗ Improving the security of IoT devices to prevent cyberattacks.

∗ Reducing latency in real-time video streaming services like YouTube or
Netflix.

– Use Case in Computer Science: Improving the robustness of facial recog-
nition systems in varying light conditions.

1



Characteristics of a Good Research Problem

A well-defined research problem should:

1. Be Relevant: Address a significant issue in the domain. A problem that con-
tributes to solving a societal or industrial challenge is highly impactful.

• Example: Addressing the scalability of machine learning algorithms for high-
dimensional data.

2. Be Novel: Contribute new insights, methodologies, or improvements over existing
solutions. Innovation can involve applying a known solution in a new context.

• Example: Combining reinforcement learning with game theory to optimize
resource allocation in distributed systems.

3. Be Specific: Clearly define the scope and objectives to avoid ambiguity.

• Example: Rather than addressing ”improving healthcare systems,” focus on
”developing a predictive model for early detection of Type-2 diabetes based
on electronic health records.”

4. Be Feasible: Achievable within the constraints of time, budget, and available
resources, including data, tools, and expertise.

• Example: Avoid proposing to simulate a quantum computer with resources
that are not yet developed.

5. Consider Ethics: Ensure that the research adheres to ethical guidelines and avoids
harming individuals or society.

• Example: In projects involving user data, ensure compliance with data pro-
tection regulations such as GDPR.

Sources for Research Problem Identification

1. Literature Review: Survey recent research papers, technical blogs, and surveys.

• How to Use: Identify trends, challenges, and gaps by thoroughly review-
ing academic journals, technical blogs, and survey papers. Focus on top-tier
conferences like NeurIPS, ICCV, or SIGCOMM.

• Example: Challenges in federated learning for IoT devices.

2. Open Problems in Papers: Explore the Future Work sections of papers.

• How to Use: Read the ”Future Work” or ”Limitations” sections in research
papers to identify areas left unexplored by authors. These often highlight
opportunities for further study.

• Example: Enhancing interpretability in black-box machine learning models.

3. Emerging Trends in Technology: Stay updated with topics like AI, IoT, Blockchain,
etc.
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• How to Use: Follow industry whitepapers, technology news platforms, and
forums like GitHub or Reddit to track what is gaining momentum.

• Example: Quantum computing’s limited software ecosystem.

4. Datasets and Benchmarks: Analyze public datasets for gaps or limitations.

• How to Use: Look for areas where datasets are incomplete, biased, or under-
represent specific scenarios. Benchmark competitions often reveal such gaps.

• Example: Missing diversity in speech datasets for underrepresented accents.

5. Industry and Real-World Challenges: Identify problems faced by companies
via case studies or tech blogs.

• How to Use: Study industry case studies or challenges reported in engineer-
ing blogs of companies like Google, Microsoft, or AWS to uncover real-world
needs.

• Example: Optimizing distributed cloud systems for energy efficiency.

6. Hackathons and Competitions: Participate in events like Kaggle competitions
or coding challenges.

• How to Use: Analyze problem statements from hackathons to understand
practical issues that require immediate solutions.

• Example: Building a robust anomaly detection system for financial fraud.

Steps in Identifying a Research Problem

1. Select a Broad Area: Example: Natural Language Processing (NLP).

2. Conduct a Literature Review: Identify gaps, limitations, or outdated solutions.

3. Narrow Down: Focus on specific issues, e.g., improving sentiment analysis for
code-mixed languages.

4. Define Objectives: Example: ”Develop a model that improves accuracy by 10%
in noisy environments.”

5. Validate Feasibility: Evaluate time, resources, and technical skills required.

6. Align with Trends: Ensure the problem is relevant to current industry or aca-
demic needs.

Steps in Identifying a Research Problem

1. Select a Broad Area: Begin by identifying a general field of interest, such as
Natural Language Processing (NLP), Cybersecurity, or Human-Computer Interac-
tion (HCI). Researching a broad area allows you to familiarize yourself with its core
challenges and applications.
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• Example: NLP encompasses diverse subfields like sentiment analysis, lan-
guage translation, and text summarization.

2. Conduct a Comprehensive Literature Review: Identify research gaps, limi-
tations in existing methods, or outdated approaches. Explore recent publications,
survey papers, and conference proceedings.

• Example: Investigating how current models struggle with sentiment analysis
in code-mixed languages.

3. Narrow Down the Scope: Focus on specific and manageable problems. Avoid
overly broad topics by defining clear boundaries.

• Example: Instead of ”improving machine translation,” narrow it down to
”enhancing accuracy in translating low-resource languages.”

4. Define Clear Objectives: Translate the research problem into well-defined goals
or hypotheses that can be addressed.

• Example: ”Develop an AI model that improves translation accuracy for low-
resource languages by incorporating linguistic features.”

5. Validate Feasibility: Assess the practicality of the problem based on available
resources, data, and expertise.

• Example: Check if sufficient datasets and computational tools are available
to experiment on your chosen problem.

6. Align with Emerging Trends: Ensure that the problem aligns with current
academic or industry trends to maximize its impact.

• Example: Investigating privacy-preserving techniques in federated learning,
a rapidly growing area.

Case-Study 2

1. Select a Broad Area: Begin by identifying a general field of interest, such as
Electric Vehicle (EV) Routing Optimization. Researching a broad area allows you
to familiarize yourself with its core challenges and applications.

• Example: EV routing optimization encompasses diverse subfields like mini-
mizing energy consumption, improving battery management, and incorporat-
ing real-time traffic conditions.

2. Conduct a Comprehensive Literature Review: Identify research gaps, limi-
tations in existing methods, or outdated approaches. Explore recent publications,
survey papers, and conference proceedings.

• Example: Investigating how existing algorithms fail to optimize EV routing
under dynamic weather and traffic conditions.

3. Narrow Down the Scope: Focus on specific and manageable problems. Avoid
overly broad topics by defining clear boundaries.

4



• Example: Instead of ”optimizing EV routing,” narrow it down to ”developing
a model that incorporates real-time charging station availability into EV route
optimization.”

4. Define Clear Objectives: Translate the research problem into well-defined goals
or hypotheses that can be addressed.

• Example: ”Develop an optimization algorithm that reduces EV energy con-
sumption by 15% by accounting for real-time charging station availability and
traffic.”

5. Validate Feasibility: Assess the practicality of the problem based on available
resources, data, and expertise.

• Example: Check if sufficient datasets, such as EV charging station data and
traffic datasets, are available to test your proposed algorithm.

6. Align with Emerging Trends: Ensure that the problem aligns with current
academic or industry trends to maximize its impact.

• Example: Investigating how AI-based optimization methods can enhance EV
routing, aligning with the growing interest in sustainable transportation.

Examples of Research Problems in Computer Science

1. Artificial Intelligence: How can reinforcement learning algorithms adapt to non-
stationary environments?

2. Cybersecurity: What novel methods can detect zero-day attacks in real time?

3. Human-Computer Interaction: How can interface designs improve usability for
visually impaired users?

4. Big Data: How can real-time data streams from IoT sensors be processed effi-
ciently?

5. Software Engineering: How can CI/CD pipelines be optimized for faster deploy-
ment?

Pitfalls in Research Problem Identification

• Choosing overly broad or vague topics.

• Lack of novelty—replicating existing solutions without improvement.

• Ignoring feasibility or resource constraints.

• Overlooking ethical considerations.
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Tips to Avoid Pitfalls

• Break down broad topics into smaller, manageable sub-problems.

• Collaborate with peers or advisors to refine the problem.

• Validate the problem with practical or theoretical feasibility tests.
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