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Unit 1: Biology as a Science: Method and Reasoning

Learning Objectives

Objective 1: Describe the scientific method in biology

Objective 2: Distinguish induction, deduction and hypothetico-deductive reasoning

Objective 3: Explain characteristics of scientific knowledge

Biology advances through the scientific method: observation, question, hypothesis, prediction,

controlled experiment, analysis, conclusion, and communication. The hypothetico-deductive loop

(propose hypothesis, deduce testable predictions, test) structures biological research from Mendel's

crosses to drug trials. Science is self-correcting: conclusions stand until better evidence revises them.

Reasoning modes: induction generalizes from observations (all observed swans...), deduction derives

consequences from premises (if hypothesis true, then...), and abduction infers the best explanation.

Biological hypotheses must be testable and falsifiable; 'unfalsifiable' explanations (untestable claims)

lie outside science, however interesting.

Scientific knowledge is empirical, tentative, cumulative and public: replicated, peer-reviewed, and

open to revision. Very important: falsifiability as the demarcation criterion is the philosophical anchor;

examiners ask why untestable claims are unscientific, expecting the falsifiability answer.

Key Definitions

Hypothesis is defined as a testable, falsifiable proposed explanation.

Falsifiability is defined as the capacity to be proven wrong by evidence; science's demarcation

criterion.

Hypothetico-deductive method is defined as proposing hypotheses and testing their deduced

predictions.

Key Points to Remember

• Method: observe -> hypothesize -> predict -> test -> analyze -> communicate.

• Induction (generalize), deduction (derive consequences), abduction (best explanation).

• Hypotheses must be testable and falsifiable.

• Science: empirical, tentative, cumulative, public, self-correcting.

Unit Summary

Biology progresses through falsifiable hypotheses tested by the hypothetico-deductive method,

producing tentative, cumulative knowledge.

Exam Pointer

Very important: explain falsifiability as science's demarcation; outline the method's steps with a

biological example.

Unit 2: Research Design in Biology
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Learning Objectives

Objective 1: Formulate research questions and hypotheses

Objective 2: Distinguish experimental, quasi-experimental and observational designs

Objective 3: Identify variables and controls

Research begins with a focused question, narrowed from broad interest to testable form, then a

hypothesis predicting the answer. Good questions are specific, measurable and feasible: 'Does

fertilizer X increase wheat yield?' beats 'How do plants grow?' Objectives operationalize the question

into achievable steps.

Designs: true experiments manipulate the independent variable with randomization and controls (the

gold standard for causation); quasi-experiments lack randomization (field constraints); observational

studies (cohort, case-control, cross-sectional) measure without manipulation, showing association.

Choose by ethics and feasibility: you cannot randomize smoking onto people.

Variables: independent (manipulated), dependent (measured), controlled (held constant), confounding

(unwanted influences). Controls include negative (no treatment), positive (known effect), and placebos

in clinical work. Replication (repeating within the study) and sample size determine reliability. Very

important: variable classification and control types are guaranteed exam material.

Key Definitions

Independent variable is defined as the factor manipulated or studied as the putative cause.

Control group is defined as the baseline receiving no treatment (or standard treatment) for

comparison.

Confounding variable is defined as an uncontrolled factor distorting the apparent relationship.

Key Points to Remember

• Question -> hypothesis -> objectives; specific, measurable, feasible.

• Experimental (randomized, causal) > quasi > observational (associational).

• Variables: independent, dependent, controlled, confounding; classify precisely.

• Controls: negative, positive, placebo; replication and sample size give reliability.

Unit Summary

Biological research designs range from randomized experiments to observational studies, with careful

variable control separating causation from association.

Exam Pointer

Very important: classify variables in a scenario and justify the design choice; list control types.

Unit 3: Sampling and Sample Size

Learning Objectives
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Objective 1: Apply probability sampling methods

Objective 2: Explain sampling vs non-sampling errors

Objective 3: Determine appropriate sample sizes

Populations (all units of interest) are studied through samples; inference generalizes from sample to

population. Probability sampling gives every unit known selection chance: simple random, stratified

(random within strata, e.g. age groups), systematic (every kth), cluster (random groups). Stratification

ensures subgroup representation; clustering cuts field costs.

Non-probability methods (convenience, purposive, quota, snowball) are cheaper but limit

generalizability; they suit exploratory or hard-to-reach populations. Sampling errors shrink with n;

non-sampling errors (measurement, nonresponse, processing) do not, and often dominate. A large

biased sample is precisely wrong.

Sample size balances precision, power and cost: larger n narrows confidence intervals and raises

power, with diminishing returns. Power analysis sets n before the study, an ethical requirement in

animal and human research (avoid underpowered waste and overpowered excess). Very important:

stratified-vs-cluster distinction and the 'large biased sample' warning are exam favorites.

Key Definitions

Population / sample is defined as all units of interest / the subset actually studied.

Stratified sampling is defined as random sampling within defined subgroups to ensure

representation.

Power analysis is defined as calculating the sample size needed to detect an effect of given size.

Key Points to Remember

• Probability: simple random, stratified, systematic, cluster; each with a use case.

• Non-probability: convenience, purposive, quota, snowball; exploratory use.

• Sampling error shrinks with n; non-sampling error does not.

• Size via power analysis; ethical dimension in living subjects.

Unit Summary

Probability sampling enables generalization, with size set by power analysis and bias guarded against

more than mere smallness.

Exam Pointer

Very important: choose a sampling method for a scenario with justification; explain why bias beats

size as the worry.

Unit 4: Data Collection Methods

Learning Objectives
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Objective 1: Select data collection instruments

Objective 2: Ensure validity and reliability

Objective 3: Handle field and laboratory data

Biological data come from observation (field counts, behavior), measurement (instruments: balances,

spectrophotometers, sequencers), surveys/questionnaires (KAP studies), and experiments (lab

assays). Instruments need calibration; protocols need standardization (SOPs) so results are

comparable across collectors and days.

Validity asks whether we measure what we intend (a scale valid for weight, not for intelligence);

reliability asks whether repeated measures agree (test-retest, inter-rater). Pilot testing instruments on

a small sample catches problems cheaply. In taxonomy, voucher specimens anchor identifications

permanently.

Fieldwork adds logistics: permits, seasonal timing, GPS records, specimen preservation; lab work

adds contamination control, replicates, and lab notebooks as legal-quality records. Very important:

validity-vs-reliability distinction is the conceptual core; pilot testing is the practical maxim.

Key Definitions

Validity is defined as measuring what is intended to be measured.

Reliability is defined as consistency of repeated measurements.

Standard operating procedure is defined as a documented protocol ensuring comparable

execution.

Key Points to Remember

• Sources: observation, instruments, surveys, experiments; calibrate and standardize.

• Validity (right thing) vs reliability (consistent thing); pilot-test instruments.

• Field: permits, timing, GPS, vouchers; lab: contamination control, notebooks.

• SOPs make results comparable across people and time.

Unit Summary

Biological data collection matches instruments to questions, validated and reliability-checked through

piloting and standardized protocols.

Exam Pointer

Very important: distinguish validity from reliability with biological examples; explain pilot testing's

role.

Unit 5: Descriptive Statistics for Biological Data

Learning Objectives

Objective 1: Summarize biological data appropriately

Objective 2: Present data in tables and graphs

Objective 3: Handle biological data peculiarities
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Biological data need matched summaries: means with standard deviations for symmetric

measurements (heights), medians with ranges for skewed (parasite counts), proportions for

categories (infection rates). Standard error (SD/sqrt(n)) describes estimate precision, not data spread;

confusing SE with SD is endemic and examinable.

Presentation: tables with clear titles, units and sample sizes; graphs chosen by purpose (histograms

for distributions, scatterplots for relationships, bar charts with error bars for group comparisons). Error

bars must be labeled (SD? SE? CI?); unlabeled bars are meaningless. Follow journal conventions.

Biological peculiarities: zero-inflated counts, detection limits (censored data), allometry (size-scaling

relationships), and pseudoreplication (treating non-independent measurements as replicates, e.g.

multiple leaves per plant). Very important: SE-vs-SD and pseudoreplication are the two traps

examiners set most.

Key Definitions

Standard error is defined as SD/sqrt(n); precision of the mean estimate, not data spread.

Pseudoreplication is defined as treating non-independent measurements as independent

replicates.

Detection limit is defined as the smallest quantity an assay reliably measures; values below are

censored.

Key Points to Remember

• Match summary to distribution: mean/SD (symmetric), median/range (skewed), proportions

(categorical).

• SE = precision of mean; SD = spread of data; label error bars always.

• Tables/graphs: titles, units, n; choose graph by purpose.

• Traps: pseudoreplication, zero-inflation, detection limits.

Unit Summary

Biological description matches summaries and displays to data types, distinguishing estimate

precision from spread and avoiding pseudoreplication.

Exam Pointer

Very important: distinguish SE from SD; identify pseudoreplication in a design.

Unit 6: Inferential Statistics: Testing Biological Hypotheses

Learning Objectives

Objective 1: Choose appropriate statistical tests

Objective 2: Interpret p-values and confidence intervals

Objective 3: Avoid common inferential errors

Test choice follows data: t-tests compare two means (paired for before-after, unpaired otherwise),

ANOVA compares several, chi-square handles categorical associations, correlation/regression
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continuous relationships, and non-parametric alternatives (Mann-Whitney, Kruskal-Wallis) cover

non-normal data. A decision flowchart (data type x groups x pairing) is the working tool.

The p-value is P(data as extreme | H0), not P(H0 true); significance (p < 0.05) means the data are

surprising under H0. Confidence intervals show effect size with precision, increasingly preferred over

p-values alone. Biological significance (is the effect meaningful?) differs from statistical significance (is

it detectable?).

Errors to avoid: multiple testing without correction (Bonferroni), HARKing (hypothesizing after results

known), p-hacking, and confusing non-significance with 'no effect' (maybe underpowered).

Pre-registration counters these. Very important: the p-value's correct definition and the

biological-vs-statistical significance distinction are heavily examined.

Key Definitions

P-value is defined as probability of data as extreme as observed assuming H0 true.

Statistical power is defined as probability of detecting a real effect of given size.

Multiple testing is defined as many tests inflating false-positive risk; correct with Bonferroni etc.

Key Points to Remember

• Test choice: t (2 means), ANOVA (several), chi-square (categorical), non-parametrics

(non-normal).

• p = P(data|H0), not P(H0|data); CIs show size + precision.

• Biological significance (meaningful?) vs statistical (detectable?).

• Avoid: p-hacking, HARKing, uncorrected multiple testing; pre-register.

Unit Summary

Biological inference chooses tests by data structure, interprets p-values correctly, and separates

statistical detectability from biological meaning.

Exam Pointer

Very important: select a test for a scenario; define the p-value correctly; list inferential

malpractices.

Unit 7: Experimental Design: Replication, Randomization,
Blocking

Learning Objectives

Objective 1: Apply the three R's of experimental design

Objective 2: Use common designs: CRD, RCBD, factorial

Objective 3: Analyze design with ANOVA logic

Fisher's three principles: randomization (assign treatments randomly, killing systematic bias),

replication (repeat treatments, estimating error), and blocking (group similar units, removing known

variation). Together they make causal inference from experiments credible; agricultural field trials are
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the classic venue.

Designs: completely randomized (CRD: treatments randomly to units), randomized complete block

(RCBD: randomize within blocks like fields or litters), factorial (test multiple factors and their

interactions efficiently), Latin squares (two blocking directions). Factorials are economical: one

experiment tests several factors plus interactions.

ANOVA partitions variation among treatments, blocks and error; the F-ratio (treatment/error variance)

tests effects. Interaction in factorials (does A's effect depend on B?) is often the scientific prize. Very

important: the three R's verbatim and CRD-vs-RCBD choice are core; interaction interpretation suits

applied questions.

Key Definitions

Randomization is defined as random treatment assignment eliminating systematic bias.

Blocking is defined as grouping similar units to remove known variation from error.

Interaction is defined as one factor's effect depending on another factor's level.

Key Points to Remember

• Three R's: randomization, replication, blocking (Fisher).

• CRD (simple), RCBD (block known variation), factorial (multiple factors + interactions).

• ANOVA partitions variation; F = treatment/error variance.

• Factorial interactions often carry the scientific insight.

Unit Summary

Randomization, replication and blocking make experiments credible; CRD, RCBD and factorial

designs, analyzed by ANOVA, fit different variation structures.

Exam Pointer

Very important: state the three R's and choose CRD vs RCBD for a scenario; interpret an

interaction.

Unit 8: Scientific Writing and Publication

Learning Objectives

Objective 1: Structure a research paper (IMRaD)

Objective 2: Write each section effectively

Objective 3: Navigate peer review and ethics

The IMRaD structure organizes papers: Introduction (background, gap, objectives), Methods

(reproducible detail: design, sampling, analysis), Results (findings without interpretation,

tables/figures), and Discussion (interpretation, comparison with literature, limitations, conclusions).

Abstracts distill all four; titles promise precisely.

Writing craft: precise terminology, past tense for methods/results, SI units, statistically complete

reporting (test, statistic, df, p, effect size), figures that stand alone with legends. Reference managers

vulearninghub.xyz  |  by VU Learning HUB

V IMPORTANT



Page 10

(Zotero, Mendeley) handle citations; journal instructions dictate format.

Publication runs through peer review: submission, editor screening, reviewer critique, revision,

acceptance or rejection. Ethics: authorship (substantial contribution), plagiarism (including

self-plagiarism), data fabrication/falsification, and conflicts of interest. Predatory journals exploit the

publish-or-perish pressure; check indexing. Very important: IMRaD contents per section and

authorship criteria are standard exam items.

Key Definitions

IMRaD is defined as Introduction, Methods, Results, and Discussion: the research paper structure.

Peer review is defined as independent expert evaluation before publication.

Plagiarism is defined as presenting others' work or ideas as one's own.

Key Points to Remember

• IMRaD: intro (gap, objectives), methods (reproducible), results (no interpretation), discussion

(meaning, limits).

• Report statistics completely: test, value, df, p, effect size; labeled figures.

• Peer review: submit -> review -> revise -> decision.

• Ethics: authorship by contribution, no plagiarism/fabrication; avoid predatory journals.

Unit Summary

Scientific writing follows IMRaD with complete statistical reporting, vetted by peer review under

authorship and integrity ethics.

Exam Pointer

Very important: list IMRaD section contents; state authorship criteria and define plagiarism.

Unit 9: Research Ethics and Biosafety

Learning Objectives

Objective 1: Apply ethical principles to biological research

Objective 2: Explain the 3Rs for animal research

Objective 3: Outline biosafety levels and practices

Human research follows autonomy (informed consent), beneficence, non-maleficence and justice,

overseen by institutional review boards (IRBs); the Declaration of Helsinki and national regulations

govern clinical work. Vulnerable populations need extra protection; consent must be genuinely

informed and voluntary.

Animal research follows the 3Rs: Replace (alternatives where possible), Reduce (minimum animals

for valid results), Refine (minimize suffering). Institutional animal ethics committees approve protocols;

anesthesia, humane endpoints and proper housing are mandatory. Field biology adds wildlife permits

and minimal-disturbance principles.
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Biosafety protects workers and environment: BSL-1 (basic teaching labs) through BSL-4 (maximum

containment for dangerous pathogens), with practices, equipment and facilities escalating. Risk

assessment precedes work; GMOs face additional regulatory oversight. Very important: the 3Rs and

BSL escalation are crisp list questions; consent elements suit scenario questions.

Key Definitions

Informed consent is defined as voluntary agreement based on understanding of risks and

procedures.

3Rs is defined as Replace, Reduce, Refine: the animal-research ethical framework.

Biosafety level is defined as BSL-1 to BSL-4 containment escalating with pathogen risk.

Key Points to Remember

• Human: autonomy/consent, beneficence, justice; IRB oversight; Helsinki declaration.

• Animal: 3Rs (replace, reduce, refine); ethics committee approval; humane endpoints.

• Biosafety: BSL-1 to BSL-4 by risk; risk assessment first.

• Field: permits, minimal disturbance; GMOs: extra regulation.

Unit Summary

Biological research ethics protects human subjects, animals (3Rs) and the wider community through

biosafety levels and oversight committees.

Exam Pointer

Very important: state the 3Rs with examples; list BSL levels; give informed-consent elements.

Unit 10: The Research Proposal and Project Management

Learning Objectives

Objective 1: Write a fundable research proposal

Objective 2: Plan and manage a biology research project

Objective 3: Present research effectively

Proposals persuade: title, abstract, background with literature gap, clear objectives/hypotheses,

methods (design, sampling, analysis), expected outcomes, timeline (Gantt chart), budget justification,

and references. Funders ask: why important, why you, why now, and is it feasible? Pilot data

strengthen claims enormously.

Project management: break work into work packages, schedule with milestones, budget consumables

and travel, manage risks (seasonal access, equipment failure, permit delays), and keep the lab/field

notebook current. Supervision meetings need agendas and written records; data backup is

non-negotiable (3-2-1 rule).

Presentation: conference talks (tell a story: question, approach, result, meaning), posters (visual,

minimal text), and thesis defense (know the literature, own the limitations). Very important: the

proposal's components in order and the 'why important/you/now/feasible' funder logic are the
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capstone exam material.

Key Definitions

Research proposal is defined as a document justifying and planning proposed research for

approval or funding.

Gantt chart is defined as a timeline bar chart scheduling project tasks.

Pilot data is defined as preliminary results demonstrating feasibility.

Key Points to Remember

• Proposal: gap, objectives, methods, outcomes, timeline, budget, references.

• Funder logic: important, capable team, timely, feasible; pilot data help.

• Manage: work packages, milestones, risk plans, notebooks, 3-2-1 backup.

• Present: story arc for talks, visual posters, own limitations at defense.

Unit Summary

Research proposals justify feasible, important work; project management delivers it; effective

presentation communicates it, completing the research cycle.

Exam Pointer

Very important: list proposal components in order and explain the funder's four questions.
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