Introduction to Problem Solving in Biology

Introduction to Problem Solving in Biology
Study guide — concise, organized, and ready for quick review

1. What Is Problem Solving in Biology?

Aspect Description
Definition The systematic process of identifying, analyzing, and resolving questions or
challenges that arise in biological research, education, or applied settings.
Goal Turn an ambiguous situation into a clear answer or actionable solution that
advances understanding or practice.
 Evidence?based reasoning
Key * Integration of multiple data types

Features e lterative testing and refinement

» Collaboration across disciplines (e.g., math, computer science, ecology)

2. The General Problem?Solving Cycle

1. Identify the Problem

o Clarify the question or gap in knowledge.
o Distinguish between symptoms (observable effects) and the underlying cause.

2. Gather Information

o Review literature, databases, and previous experiments.
o Collect preliminary data (observations, measurements, sequences, etc.).

3. Formulate a Hypothesis / Objective

o State a testable prediction or a clear objective.

o Use IF?THEN format for hypotheses (e.qg., If gene X is knocked out, then plant drought
tolerance will decrease).

4. Design the Approach
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o Choose appropriate methods (lab techniques, field surveys, computational mo

o Define variables, controls, sample size, and statistical power.

5. Execute the Plan

o Follow protocols, record data meticulously, and monitor for unexpected outcomes.

6. Analyze Results

o Apply statistical tests, visualizations, or bioinformatic pipelines.

o Compare outcomes with the original hypothesis.

7. Interpret & Communicate

o Explain biological meaning, limitations, and broader implications.

o Prepare figures, tables, and concise narratives for reports or presentations.

8. lterate (if needed)

o Refine hypothesis, adjust methods, or gather additional data.

o Recognize that many biological problems require multiple cycles.

3. Core Skills for Biological Problem Solvers

Skill
Critical Thinking

Quantitative
Literacy

Experimental
Design

Data Management

Bioinformatics &
Modeling

Why It Matters
Distinguishes correlation from
causation; spots logical gaps.
Interprets measurements, statistical
outputs, and model predictions.
Ensures data are reliable and
reproducible.

Handles large, heterogeneous
datasets (genomics, imaging,
ecological surveys).

Extracts patterns from sequences,
networks, or population data.
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Typical Tools / Techniques
Concept maps, “5 Whys” analysis.

R, Python (pandas, SciPy), Excel,
GraphPad Prism.

Power analysis (G*Power),
randomization, blinding.

SQL, MySQL, PostgreSQL, cloud
storage (AWS S3), version control
(Git).

BLAST, Biopython, Galaxy,
MATLAB, NetLogo.
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Skill Why It Matters Typical Tools / Techniques

Translates complex findings for peers, Scientific writing (IMRaD), poster

Communication ) ) ] ] _
policymakers, and the public. design, oral presentation skills.

) Leverages expertise from other fields Interdisciplinary project meetings,
Collaboration . . o
(physics, computer science, statistics). shared lab notebooks.

4. Common Types of Biological Problems

Category Example Questions Typical Approach

Molecular / Cellular *How does mutation X affect protein Y stability?
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