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INTRODUCTION: WHY BIOSTATISTICS QUESTIONS
DRIVE MODERN RESEARCH

In the world of health sciences, clinical trials, and epidemiology,
data is the raw material  that shapes discovery. But raw data
alone rarely tells a clear story. It is the process of asking the right
biostatistics questions that transforms numbers into insights,
guiding researchers toward conclusions that can save lives or
improve  public  health.  Whether  you  are  a  medical  student
analyzing  a  small  dataset,  a  public  health  official  evaluating  a
vaccination campaign, or a seasoned researcher publishing in a
peer-reviewed journal, understanding how to frame, explore, and
answer biostatistics questions is essential.
Biostatistics is the application of statistical methods to biological
and health-related fields. At its core, it is a discipline that helps us
make  sense  of  variability—between  people,  across  time,  and
within experiments. The questions we ask in biostatistics range
from simple (“What is the average blood pressure in this group?”)
to deeply complex (“Can we predict the risk of diabetes based on
genetic markers,  lifestyle factors,  and environmental exposure
using a multivariate model?”). This article will explore the nature
of  these  questions,  how  to  formulate  them  effectively,  common
pitfalls to avoid, and why mastering the art of asking biostatistics
questions is a superpower in evidence-based research.

WHAT ARE BIOSTATISTICS QUESTIONS?

Biostatistics questions are queries that can be answered using
statistical reasoning and analysis of biological or health-related
data. They are distinct from general biological questions because
they involve uncertainty, variability, and probability. For example,
a biologist might ask “Does this drug reduce tumor size?” while a
biostatistician reframes it as “Is the observed reduction in tumor
size  statistically  significant  compared  to  a  placebo  group,  given
the natural variation in tumor growth?”
These questions typically fall under two broad categories:

Descriptive questions: These seek to summarize data
without making inferences beyond the sample. Example:
“What is the median survival time for patients with stage IV
lung cancer in this cohort?”
Inferential questions: These aim to draw conclusions
about a population based on a sample, often involving
hypothesis testing, estimation, or prediction. Example: “Is
there a significant difference in cholesterol levels between
patients who take the new statin and those who take a
placebo?”

At  a  deeper  level,  biostatistics  questions  also  address  study
design  (e.g.,  “What  sample  size  is  needed  to  detect  a  10%
relative risk reduction?”) and data quality (e.g., “How should we
handle missing data in this longitudinal study?”).

Why the Wording of

Biostatistics Questions
Matters
Phrasing a question poorly can lead to inappropriate statistical
tests, misinterpreted results, and even publication bias. A well-
structured biostatistics question typically includes four elements:
the population, the exposure or intervention, the outcome, and
the  comparison  (if  any).  For  instance:  “Among  adults  with
hypertension (population), does a low-sodium diet (intervention)
reduce systolic blood pressure (outcome) compared to a standard
diet (comparison)?” This structure aligns with the PICO framework
widely used in evidence-based medicine.

TYPES OF BIOSTATISTICS QUESTIONS YOU WILL
ENCOUNTER

Biostatistics  questions can be classified by the type of  data and
the  analytical  goal.  Understanding  these  categories  helps
researchers select appropriate methods and communicate with
statisticians more effectively.

1. Questions About
Differences Between
Groups
These are among the most common biostatistics questions. They
ask:  “Is  there  a  difference  between  two  or  more  groups?”
Depending  on  the  outcome  variable  (continuous  like  blood
pressure, or categorical like survival status), different tests apply.

Continuous outcome: t-test (two groups) or ANOVA
(more than two groups). Example: “Is the mean BMI
different between vegetarians and non-vegetarians?”
Categorical outcome: Chi-square test or Fisher’s exact
test. Example: “Is the proportion of smokers different
between the intervention and control groups?”
Non-parametric alternatives: When data are not
normally distributed, use Mann-Whitney U or Kruskal-Wallis
tests.

2. Questions About
Association or Correlation
These ask: “Are two variables related?” For instance, “Is there a
correlation between hours of weekly exercise and resting heart
rate?”  Correlation  coefficients  (Pearson  for  linear,  Spearman  for
monotonic)  quantify  the  strength  and  direction.  However,
correlation  does  not  imply  causation—a  critical  nuance  in
biostatistics questions.
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3. Questions About
Prediction or Risk
Predictive modeling is a fast-growing area. Biostatistics questions
here  include:  “Can  we  predict  the  likelihood  of  hospital
readmission  within  30  days  using  patient  demographics,  lab
values, and comorbidities?” Logistic regression, decision trees,
and Cox proportional hazards models are common tools. Such
questions often require careful variable selection and validation.

4. Questions About Survival
or Time-to-Event
In  studies  of  mortality,  recurrence,  or  any  event  where  time
matters, survival analysis is used. Biostatistics questions include:
“What is the median time to progression for patients on therapy
A  versus  therapy  B?”  and  “Are  the  survival  curves  significantly
different?”  The  Kaplan-Meier  estimator  and  log-rank  test  are
foundational,  while  Cox  regression  handles  multiple  covariates.

5. Questions About
Diagnostic Accuracy
In  diagnostic  medicine,  biostatistics  questions  evaluate  tests:
“What is the sensitivity and specificity of this new biomarker for
early detection of pancreatic cancer?” You might also ask about
positive predictive value, ROC curves, and area under the curve
(AUC). These questions directly impact clinical decision-making.

HOW TO FORMULATE EFFECTIVE BIOSTATISTICS
QUESTIONS

Formulating a good biostatistics question is both a science and an
art.  Here  are  practical  steps  to  ensure  your  question  is
answerable and meaningful.

Start with the Research
Objective
Every biostatistics question should stem from a clear research
objective. For example, if you want to investigate whether a new
vaccine reduces infection rates, your question might be: “What is
the  vaccine  efficacy  (VE)  and  its  95%  confidence  interval  in  a
randomized  controlled  trial?”

Define the Variables
Precisely
Ambiguity leads to wrong analysis. Specify the type (continuous,
ordinal, nominal), scale (e.g., mg/dL, yes/no), and the timing of
measurement.  For  instance,  instead  of  “Does  the  treatment
improve outcomes?” say “Does the treatment reduce the 30-day
mortality rate (binary outcome) compared to standard care?”

Consider Confounders and
Bias
A  sophisticated  biostatistics  question  acknowledges  potential
confounders.  For  observational  studies,  you might  ask:  “After
adjusting for age, sex, and baseline health status, is there an
independent association between physical activity and cognitive
decline?”  This  signals  that  you  understand  the  need  for
multivariable models.

Use the Right Terminology
Incorporate statistical  terms naturally.  Words like “statistically
significant,”  “effect  size,”  “confidence  interval,”  “p-value,”
“power,” and “effect modification” add precision. However, avoid
jargon for the sake of it—your audience should still understand
the question.

COMMON PITFALLS WHEN ANSWERING
BIOSTATISTICS QUESTIONS

Even a well-phrased question can lead to errors if the analysis is
flawed. Here are frequent mistakes researchers make.

Ignoring Assumptions of
Statistical Tests
Many  tests  assume  normal i ty ,  independence,  and
homoscedasticity. Using a t-test on heavily skewed data or a chi-
square test with very small expected counts can produce invalid
results. Always check assumptions or use robust alternatives.

Multiple Testing Without
Correction
When asking many biostatistics questions on the same dataset
(e.g.,  comparing 20 biomarkers across groups),  the chance of
finding  a  false  positive  increases.  Procedures  like  Bonferroni
correction, false discovery rate (FDR), or Holmm’s method should
be applied.

Confusing Correlation with
Causation
This classic error persists. Just because a biostatistics question
yields  a  strong  association  does  not  mean  A  causes  B.
Confounding, reverse causation, and chance must be considered.

Overlooking Sample Size
and Power
A  biostatistics  question  about  a  small  sample  may  be
underpowered  to  detect  a  meaningful  effect.  Always  calculate
sample size before the study, and interpret null results cautiously
if the study was underpowered.
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Misinterpreting P-Values
A p-value is not the probability that the null hypothesis is true,
nor is it  the effect size. It  is  the probability of observing data as
extreme  or  more  extreme  assuming  the  null  is  true.  Many
researchers, reviewers, and readers misstep here.

PRACTICAL EXAMPLES OF BIOSTATISTICS QUESTIONS
IN RESEARCH

To  solidify  understanding,  let’s  examine  real-world  scenarios
where biostatistics questions arise.

Clinical Trial Example
A pharmaceutical company develops a new antidepressant. The
primary biostatistics question: “Is the mean change in Hamilton
Depression  Rating  Scale  (HDRS)  from  baseline  to  week  8
significantly  greater  in  the  drug group compared to  the  placebo
group,  using  a  two-sample  t-test  at  α  =  0.05?”  Secondary
questions might involve response rates (binary), time to relapse,
and subgroup analyses by age or sex.

Epidemiological Example
Public  health  researchers  want  to  study the  link  between air
pollution  and  asthma exacerbation  in  children.  A  biostatistics
question:  “After  controlling  for  socioeconomic  status,  indoor
allergens, and parental smoking, what is the odds ratio of an
asthma emergency visit per 10 µg/m³ increase in PM2.5?” This
uses  logistic  regression  with  adjusted  odds  ratios  and  95%
confidence intervals.

Genomic Example
In  a  genome-wide  association  study  (GWAS),  the  biostatistics
question is: “Which single nucleotide polymorphisms (SNPs) are
significantly associated with type 2 diabetes after multiple testing
correction  (genome-wide  significance  threshold  p  <  5×10⁻⁸)?”
This  involves  logistic  regression  for  each  SNP,  followed  by
Manhattan plots and QQ plots to check for inflation.

TOOLS AND SOFTWARE FOR EXPLORING
BIOSTATISTICS QUESTIONS

Modern  biostatistics  relies  on  powerful  computational  tools.
Researchers  should  be  familiar  with  at  least  one  statistical
software package.

R: Free, open-source, with thousands of packages for any
analysis from descriptive stats to machine learning.
Excellent for custom biostatistics questions.
Python (SciPy, statsmodels, scikit-learn): Increasingly
popular for data science and biostatistics, especially in
large datasets.
SAS: Still widely used in clinical trials and regulatory
settings, especially by large pharmaceutical companies.
SPSS: User-friendly for beginners, though limited for
advanced modeling.
STATA: Common in epidemiology and health economics,
with excellent survey data analysis capabilities.
Online calculators and spreadsheets: For quick
descriptive questions or simple tests, but never for complex
models.

THE ROLE OF STATISTICAL COLLABORATION

No researcher is expected to know all  biostatistics. Asking for
help from a biostatistician is a smart move. Ideally, involve the
statistician at the study design stage to ensure the biostatistics
questions  are  aligned with  appropriate  methodology and that
sample size is adequate. Many research failures stem from post-
hoc statistical consults where the data can no longer answer the
right questions.

CONCLUSION: TURNING DATA INTO ANSWERS WITH
THE RIGHT QUESTIONS

Biostatistics questions are the bridge between raw health data
and  evidence-based  conclusions.  Whether  you  are  comparing
treatments,  predicting  outcomes,  or  exploring  genetic
associations, the quality of your answer depends heavily on the
precision  of  your  question.  By  understanding the  different  types
of  questions,  adhering to  best  practices  in  formulation,  being
aware of  common mistakes,  and leveraging proper  tools  and
expertise,  researchers  can  conduct  rigorous,  reproducible
analyses. The next time you look at a dataset, pause and ask:
“What is the most meaningful  biostatistics question I  can ask
today?” That single question might lead to the next breakthrough
in health science.


