CORE BIOSTATISTICS PRINCIPLES

UNLOCKING INSIGHTS: A CoMPREHENSIVE GUIDE To CORE BIOSTATISTICS PRINCIPLES

CORE BIOSTATISTICS PRINCIPLES FORM THE BEDROCK OF MODERN SCIENTIFIC RESEARCH, PARTICULARLY IN MEDICINE, PUBLIC
HEALTH, AND BIOLOGY. THEY PROVIDE THE ESSENTIAL TOOLS AND FRAMEWORKS FOR COLLECTING, ANALYZING, INTERPRETING,
AND PRESENTING DATA IN A WAY THAT ALLOWS US TO DRAW MEANINGFUL CONCLUSIONS AND MAKE INFORMED DECISIONS.

W/ ITHOUT A SOLID UNDERSTANDING OF THESE FOUNDATIONAL CONCEPTS, EVEN THE MOST METICULOUSLY DESIGNED STUDY CAN
LEAD TO ERRONEOUS FINDINGS AND MISGUIDED ACTIONS. THIS ARTICLE DELVES DEEP INTO THESE FUNDAMENTAL PRINCIPLES,
EXPLORING THE CRITICAL ELEMENTS THAT EMPOWER RESEARCHERS TO NAVIGATE THE COMPLEXITIES OF BIOLOGICAL DATA, FROM
UNDERSTANDING VARIABILITY TO MAKING ROBUST INFERENCES ABOUT POPULATIONS.
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UNDERSTANDING DATA TYPES AND MEASUREMENT SCALES

BEFORE WE CAN EVEN BEGIN TO ANALYZE DATA, IT'S CRUCIAL TO UNDERSTAND WHAT KIND OF DATA WE'RE WORKING WITH.
THINK OF IT LIKE SORTING YOUR TOOLS BEFORE STARTING A PROJECT, YOU WOULDN'T TRY TO HAMMER A NAIL WITH A
SCREWDRIVER, WOULD your SIMILARLY, THE TYPE OF DATA DICTATES THE STATISTICAL METHODS WE CAN APPLY. BROADLY,
WE CATEGORIZE DATA INTO TWO MAIN TYPES: QUALITATIVE (OR CATEGORICAL) AND QUANTITATIVE (OR NUMERICAL).

QUALITATIVE DATA: THE DESCRIPTIVE SIDE

QUALITATIVE DATA DESCRIBES QUALITIES OR CHARACTERISTICS. |T'S THE STUFF YOU CAN CATEGORIZE BUT NOT NECESSARILY
MEASURE NUMERICALLY IN A STRAIGHTFORWARD WAY. FOR INSTANCE, BLOOD TYPE (A, B, AB, O) IS QUALITATIVE. PATIENT
DEMOGRAPHICS LIKE ETHNICITY OR MARITAL STATUS ALSO FALL INTO THIS CATEGORY. W/ITHIN QUALITATIVE DATA, WE
FURTHER DISTINGUISH BETWEEN NOMINAL AND ORDINAL SCALES. NOMINAL DATA HAS NO INHERENT ORDER, LIKE EYE COLOR (BLUE,
BROWN, GREEN). ORDINAL DATA, ON THE OTHER HAND, HAS A NATURAL ORDERING, EVEN IF THE DIFFERENCES BETWEEN
CATEGORIES AREN'T PRECISELY DEFINED. EXAMPLES INCLUDE LIKERT SCALES (STRONGLY AGREE, AGREE, NEUTRAL, DISAGREE,
STRONGLY DISAGREE) OR DISEASE SEVERITY STAGES (MILD, MODERATE, SEVERE).

QUANTITATIVE DATA: THE MEASURABLE REALM

QUANTITATIVE DATA DEALS WITH NUMBERS AND IS SOMETHING YOU CAN MEASURE. THIS IS THE KIND OF DATA THAT OFTEN
COMES TO MIND WHEN THINKING ABOUT STATISTICS. |T CAN BE FURTHER BROKEN DOWN INTO TWO PRIMARY SCALES: INTERVAL
AND RATIO. INTERVAL DATA HAS AN ORDER, AND THE DIFFERENCES BETWEEN VALUES ARE MEANINGFUL, BUT THERE'S NO TRUE
ZERO POINT. TEMPERATURE IN CELSIUS OR FAHRENHEIT IS A CLASSIC EXAMPLE, O DEGREES DOESN'T MEAN THE ABSENCE OF
TEMPERATURE. RATIO DATA, HOWEVER, IS THE MOST INFORMATIVE. IT HAS ORDER, MEANINGFUL DIFFERENCES, AND A TRUE ZERO
POINT, MEANING ZERO INDICATES THE COMPLETE ABSENCE OF THE QUANTITY BEING MEASURED. I‘IEIGHT, WEIGHT, AND AGE ARE
PERFECT EXAMPLES OF RATIO DATA. THE ABILITY TO MEANINGFULLY SAY SOMEONE IS TWICE AS TALL AS ANOTHER PERSON IS
ONLY POSSIBLE WITH RATIO DATA.



DESCRIPTIVE STATISTICS; SUMMARIZING YOUR DATA

ONCE YOUR DATA IS COLLECTED AND CATEGORIZED, THE NEXT STEP IS TO MAKE SENSE OF IT. DESCRIPTIVE STATISTICS ARE OUR
INITIAL TOOLS FOR SUMMARIZING AND DESCRIBING THE MAIN FEATURES OF A DATASET. THEY PROVIDE A SNAPSHOT OF YOUR
DATA, HELPING YOU UNDERSTAND ITS CENTRAL TENDENCIES, VARIABILITY, AND DISTRIBUTION. IT'S LIKE LOOKING AT A
PHOTOGRAPH OF YOUR DATA,; YOU GET A CLEAR, IMMEDIATE IMPRESSION OF WHAT'S GOING ON.

MEeASURES oF CENTRAL TENDENCY

THESE STATISTICS TELL US WHERE THE “MIDDLE” OF OUR DATA LIES. THE MOST COMMON MEASURES ARE THE MEAN, MEDIAN,
AND MODE. THE MEAN, OR AVERAGE, IS CALCULATED BY SUMMING ALL VALUES AND DIVIDING BY THE NUMBER OF VALUES. IT’s
SENSITIVE TO EXTREME VALUES, HOWEVER. THE MEDIAN IS THE MIDDLE VALUE WHEN THE DATA IS ORDERED, MAKING IT A MORE
ROBUST MEASURE WHEN OUTLIERS ARE PRESENT. THE MODE IS THE MOST FREQUENTLY OCCURRING VALUE IN THE DATASET AND
IS PARTICULARLY USEFUL FOR CATEGORICAL DATA. CHOOSING THE RIGHT MEASURE DEPENDS ON THE DATA TYPE AND THE
PRESENCE OF OUTLIERS.

MEASURES OF V ARIABILITY

CENTRAL TENDENCY ALONE DOESN'T TELL THE WHOLE STORY. WE ALSO NEED TO UNDERSTAND HOW SPREAD OUT OUR DATA IS.
MEASURES OF VARIABILITY, SUCH AS THE RANGE, VARIANCE, AND STANDARD DEVIATION, QUANTIFY THIS SPREAD. THE RANGE IS
SIMPLY THE DIFFERENCE BETWEEN THE HIGHEST AND LOWEST VALUES. V ARIANCE AND STANDARD DEVIATION PROVIDE A MORE
NUANCED UNDERSTANDING OF HOW MUCH INDIVIDUAL DATA POINTS DEVIATE FROM THE MEAN. A LOW STANDARD DEVIATION
INDICATES THAT DATA POINTS ARE CLUSTERED CLOSELY AROUND THE MEAN, WHILE A HIGH STANDARD DEVIATION SUGGESTS
THEY ARE MORE SPREAD OUT.

INFERENTIAL STATISTICS: MAKING EDUCATED GUESSES

DESCRIPTIVE STATISTICS GIVE US A PICTURE OF OUR SAMPLE DATA, BUT OFTEN OUR GOAL IS TO GENERALIZE THESE FINDINGS
TO A LARGER POPULATION. THIS IS WHERE INFERENTIAL STATISTICS COME INTO PLAY. THEY USE SAMPLE DATA TO MAKE
INFERENCES, PREDICTIONS, OR GENERALIZATIONS ABOUT POPULATIONS. IT’S LIKE USING A SMALL SCOUT GROUP TO UNDERSTAND
THE CHARACTERISTICS OF AN ENTIRE ARMY.

SAMPLING AND GENERALIZABILITY

THE CORNERSTONE OF INFERENTIAL STATISTICS IS THE CONCEPT OF SAMPLING. SINCE IT'S OFTEN IMPOSSIBLE OR IMPRACTICAL
TO STUDY AN ENTIRE POPULATION, WE TAKE A SAMPLE. THE KEY IS THAT THIS SAMPLE MUST BE REPRESENTATIVE OF THE
POPULATION. RANDOM SAMPLING TECHNIQUES ARE VITAL HERE. [F OUR SAMPLE ISN'T REPRESENTATIVE, OUR INFERENCES WILL
LIKELY BE FLAWED, LEADING TO WHAT WE CALL BIASED RESULTS. (UNDERST ANDING SAMPLING DISTRIBUTIONS IS CRUCIAL FOR
ASSESSING THE RELIABILITY OF OUR INFERENCES.

CONFIDENCE INTERVALS

INSTEAD OF JUST PROVIDING A SINGLE POINT ESTIMATE (LIKE THE SAMPLE MEAN), CONFIDENCE INTERVALS GIVE US A RANGE OF
VALUES WITHIN WHICH WE ARE REASONABLY SURE THE TRUE POPULATION PARAMETER LIES. FOR EXAMPLE, A 950/0 CONFIDENCE
INTERVAL FOR A DRUG'S EFFECTIVENESS MEANS THAT IF WE WERE TO REPEAT OUR STUDY MANY TIMES, 950/0 OF THE



CONFIDENCE INTERVALS WE CONSTRUCT WOULD CONTAIN THE TRUE EFFECT OF THE DRUG IN THE POPULATION. THIS PROVIDES A
MORE NUANCED AND INFORMATIVE PICTURE THAN A SINGLE NUMBER.

ProBABILITY AND DisTRIBUTIONS: THE LANGUAGE oF CHANCE

CHANCE PLAYS AN INTEGRAL ROLE IN ALL DATA. PROBABILITY THEORY PROVIDES THE MATHEMATICAL FRAMEWORK FOR
UNDERSTANDING AND QUANTIFYING UNCERTAINTY. DISTRIBUTIONSI ON THE OTHER HAND, DESCRIBE HOW THE VALUES OF A
VARIABLE ARE SPREAD OUT. UNDERSTANDING THESE CONCEPTS IS FUNDAMENTAL TO INTERPRETING STATISTICAL RESULTS
CORRECTLY.

THe NorRMAL DISTRIBUTION

THE NORMAL DISTRIBUTION, OFTEN DEPICTED AS A BELL CURVE, IS A SYMMETRICAL PROBABILITY DISTRIBUTION THAT IS
UBIQUITOUS IN NATURE AND STATISTICS. MANY BIOLOGICAL AND MEDICAL PHENOMENA , FROM BLOOD PRESSURE TO HEIGHTS,
TEND TO FOLLOW THIS DISTRIBUTION. TS PREDICTABLE SHAPE ALLOWS US TO MAKE POWERFUL INFERENCES. FOR INSTANCE,
KNOWING THAT A DATASET IS NORMALLY DISTRIBUTED ALLOWS US TO ESTIMATE THE PROBABILITY OF OBSERVING CERTAIN
VALUES OR RANGES OF VALUES.

OTHER IMPORTANT DISTRIBUTIONS

W/HILE THE NORMAL DISTRIBUTION IS KING, OTHER DISTRIBUTIONS ARE ALSO CRITICAL IN BIOSTATISTICS. THE BINOMIAL
DISTRIBUTION, FOR EXAMPLE, IS USED FOR SITUATIONS WITH A FIXED NUMBER OF INDEPENDENT TRIALS, EACH WITH ONLY TWO
POSSIBLE OUTCOMES (LIKE SUCCESS OR FAILURE), SUCH AS WHETHER A PATIENT RESPONDS TO TREATMENT. THE PoISSON
DISTRIBUTION IS USEFUL FOR COUNTING RARE EVENTS OVER A FIXED PERIOD OR SPACE, LIKE THE NUMBER OF HOSPITAL
ADMISSIONS FOR A SPECIFIC RARE DISEASE IN A GIVEN MONTH. UNDERSTANDING THESE DIFFERENT DISTRIBUTIONS HELPS US SELECT
THE APPROPRIATE STATISTICAL TESTS FOR OUR DATA.

HyPOTHESIS TESTING: ANSWERING YOUR RESEARCH QQUESTIONS

HYPOTHESIS TESTING IS A FORMAL PROCEDURE FOR MAKING DECISIONS ABOUT POPULATIONS BASED ON SAMPLE DATA. IT'S THE
SCIENTIFIC METHOD IN ACTION, WHERE WE PROPOSE AN IDEA (A HYPOTHESIS) AND THEN USE DATA TO SEE IF IT'S SUPPORTED OR
REJECTED. IT’S LIKE BEING A DETECTIVE, FORMING A THEORY AND THEN GATHERING EVIDENCE TO CONFIRM OR DISPROVE IT.

NuLL AND ALTERNATIVE HYPOTHESES

EVERY HYPOTHESIS TEST STARTS WITH TWO COMPETING HYPOTHESES: THE NULL HYPOTHESIS (HO) AND THE ALTERNATIVE
HYPOTHESIS (H-l) THE NULL HYPOTHESIS TYPICALLY REPRESENTS THE STATUS QUO OR THE ABSENCE OF AN EFFECT OR
RELATIONSHIP (E.G., THE NEW DRUG HAS NO EFFECT ON BLOOD PRESSURE)‘ THE ALTERNATIVE HYPOTHESIS IS WHAT WE SUSPECT
MIGHT BE TRUE (E.G., THE NEW DRUG REDUCES BLOOD PRESSURE). OUR GOAL IS TO DETERMINE IF THERE'S ENOUGH EVIDENCE IN
OUR SAMPLE DATA TO REJECT THE NULL HYPOTHESIS IN FAVOR OF THE ALTERNATIVE.

P-vALUES AND SIGNIFICANCE LEVELS



THE P-VALUE IS A CRUCIAL OUTPUT OF HYPOTHESIS TESTING. |T REPRESENTS THE PROBABILITY OF OBTAINING TEST RESULTS
AT LEAST AS EXTREME AS THE ONES OBSERVED, ASSUMING THAT THE NULL HYPOTHESIS IS TRUE. A SMALL P-VALUE
(TYPICALLY LEsS THAN 0.0 5) SUGGESTS THAT OUR OBSERVED DATA IS UNLIKELY TO HAVE OCCURRED BY CHANCE ALONE IF
THE NULL HYPOTHESIS WERE TRUE, LEADING US TO REJECT HO- THE SIGNIFICANCE LEVEL (ALPHA, A) IS A PRE-DETERMINED
THRESHOLD (OFTEN 005) THAT WE USE TO MAKE THIS DECISION. |F THE P-VALUE IS LESS THAN A, WE DECLARE THE RESULTS
STATISTICALLY SIGNIFICANT.

STuUDY DESIGN AND SAMPLING:; LAYING A STRONG FOUNDATION

THE QUALITY OF YOUR STATISTICAL ANALYSIS IS ONLY AS GOOD AS THE QUALITY OF YOUR STUDY DESIGN AND THE WAY
YOU COLLECT YOUR DATA. A FLAWED DESIGN CAN INTRODUCE BIASES THAT NO AMOUNT OF STATISTICAL WIZARDRY CAN FIX.
[T’S LIKE BUILDING A HOUSE ON A WEAK FOUNDATION;, IT’S BOUND TO CRUMBLE.

Types oF STUDY DESIGNS

THERE ARE VARIOUS STUDY DESIGNS, EACH SUITED FOR DIFFERENT RESEARCH QUESTIONS. RANDOMIZED CONTROLLED TRIALS
(RCTS) ARE CONSIDERED THE GOLD STANDARD FOR ESTABLISHING CAUSALITY, AS PARTICIPANTS ARE RANDOMLY ASSIGNED TO
TREATMENT OR CONTROL GROUPS. OBSERVATIONAL STUDIES, SUCH AS COHORT STUDIES AND CASE-CONTROL STUDIES,
OBSERVE EXISTING PATTERNS WITHOUT DIRECT INTERVENTION. CROSS-SECTIONAL STUDIES CAPTURE A SNAPSHOT IN TIME.
UNDERSTANDING THE STRENGTHS AND LIMITATIONS OF EACH DESIGN IS PARAMOUNT FOR DRAWING VALID CONCLUSIONS.

BiAs AND CONFOUNDING

BIAS REFERS TO SYSTEMATIC ERRORS INTRODUCED BY THE STUDY DESIGN OR CONDUCT, LEADING TO RESULTS THAT DEVIATE
FROM THE TRUE VALUE. CONFOUNDING OCCURS WHEN A THIRD VARIABLE IS ASSOCIATED WITH BOTH THE EXPOSURE AND THE
OUTCOME, DISTORTING THE RELATIONSHIP BETWEEN THEM. For EXAMPLE, IN A STUDY OF COFFEE DRINKING AND HEART DISEASE,
SMOKING MIGHT BE A CONFOUNDER IF SMOKERS ALSO TEND TO DRINK MORE COFFEE AND SMOKING INDEPENDENTLY INCREASES HEART
DISEASE RISK. CAREFUL STUDY DESIGN AND APPROPRIATE STATISTICAL ADJUSTMENTS ARE NEEDED TO MITIGATE THESE ISSUES.

STATISTICAL SIGNIFICANCE AND CLINICAL RELEVANCE

IT'S ESSENTIAL TO DISTINGUISH BETWEEN STATISTICAL SIGNIFICANCE AND CLINICAL RELEVANCE. A STATISTICALLY SIGNIFICANT
RESULT MEANS THAT AN OBSERVED EFFECT IS UNLIKELY TO BE DUE TO CHANCE. HO\X/EVER, A STATISTICALLY SIGNIFICANT
FINDING MIGHT BE TOO SMALL TO HAVE ANY PRACTICAL IMPORTANCE IN A REAL-WORLD CLINICAL SETTING. FOR EXAMPLE, A
DRUG MIGHT STATISTICALLY LOWER BLOOD PRESSURE BY A MINUSCULE AMOUNT THAT DOESN'T TRANSLATE TO A MEANINGFUL
HEALTH BENEFIT FOR PATIENTS.

INTERPRETING RESULTS IN CONTEXT

ULTIMATELY/ THE GOAL OF BIOSTATISTICS IS TO INFORM DECISION-MAKING. THIS REQUIRES NOT ONLY RIGOROUS STATISTICAL
ANALYSIS BUT ALSO A DEEP UNDERSTANDING OF THE BIOLOGICAL AND CLINICAL CONTEXT OF THE RESEARCH. WE MUST
CONSIDER THE MAGNITUDE OF THE EFFECT, THE POTENTIAL FOR HARM, THE COST, AND THE PATIENT'S VALUES WHEN
INTERPRETING STATISTICAL FINDINGS. THE NUMBERS TELL A STORY, BUT IT'S UP TO THE RESEARCHER TO TRANSLATE THAT
STORY INTO ACTIONABLE INSIGHTS THAT IMPROVE HEALTH OUTCOMES.



MASTERING THESE CORE BIOSTATISTICS PRINCIPLES EMPOWERS RESEARCHERS TO NOT ONLY UNDERSTAND THEIR DATA BUT TO
WIELD IT EFFECTIVELY, LEADING TO MORE ROBUST DISCOVERIES AND ULTIMATELY, BETTER HEALTH FOR ALL. [T’S A JOURNEY OF
LOGICAL DEDUCTION, CAREFUL OBSERVATION, AND A HEALTHY RESPECT FOR THE ROLE OF CHANCE.

FAQ SecTioN

Q: WHAT IS THE MOST FUNDAMENTAL PRINCIPLE IN BIOSTATISTICS AND WHY IS IT
IMPORTANT?

A: THE MOST FUNDAMENTAL PRINCIPLE IS ARGUABLY UNDERSTANDING THE DATA TYPES AND MEASUREMENT SCALES. THIS IS
CRUCIAL BECAUSE THE TYPE OF DATA DICTATES THE APPROPRIATE STATISTICAL METHODS THAT CAN BE USED. USING THE
WRONG METHODS CAN LEAD TO INCORRECT CONCLUSIONS, RENDERING THE ENTIRE ANALYSIS INVALID. IT'S THE INITIAL STEP THAT
SETS THE STAGE FOR ALL SUBSEQUENT ANALYSIS.

QI NWHY IS THE NORMAL DISTRIBUTION SO IMPORTANT IN BIOSTATISTICS?

A: THE NORMAL DISTRIBUTION, OR BELL CURVE, IS CENTRAL TO BIOSTATISTICS BECAUSE MANY BIOLOGICAL PHENOMENA
NATURALLY FOLLOW THIS PATTERN. |TS PREDICTABLE MATHEMATICAL PROPERTIES ALLOW STATISTICIANS TO MAKE RELIABLE
INFERENCES ABOUT POPULATIONS BASED ON SAMPLE DATA, FORM THE BASIS FOR MANY STATISTICAL TESTS, AND ESTIMATE
PROBABILITIES OF EVENTS OCCURRING.

Q: WHAT IS THE DIFFERENCE BETWEEN STATISTICAL SIGNIFICANCE AND PRACTICAL
SIGNIFICANCE IN A BIOSTATISTICS CONTEXT?

A: STATISTICAL SIGNIFICANCE INDICATES THAT AN OBSERVED EFFECT OR DIFFERENCE IN A STUDY IS UNLIKELY TO BE DUE TO
RANDOM CHANCE ALONE. PRACTICAL SIGNIFICANCE, ON THE OTHER HAND, REFERS TO WHETHER THAT OBSERVED EFFECT IS LARGE
ENOUGH TO BE MEANINGFUL OR RELEVANT IN A REAL~WORLD CONTEXT, SUCH AS IN CLINICAL DECISION-MAKING OR PUBLIC
HEALTH INTERVENTIONS. A RESULT CAN BE STATISTICALLY SIGNIFICANT BUT HAVE NEGLIGIBLE PRACTICAL IMPACT.

Q: How DO STUDY DESIGN AND SAMPLING AFFECT THE VALIDITY OF BIOSTATISTICAL
FINDINGS?

A: THE STUDY DESIGN AND SAMPLING METHODS ARE FOUNDATIONAL TO THE VALIDITY OF ANY BIOSTATISTICAL FINDINGS. A
POORLY DESIGNED STUDY OR A BIASED SAMPLE CAN INTRODUCE SYSTEMATIC ERRORS (BIAS AND CONFOUNDING) THAT SKEW THE
RESULTS, LEADING TO INCORRECT CONCLUSIONS AND GENERALIZATIONS ABOUT THE POPULATION. ROBUST DESIGNS AND
REPRESENTATIVE SAMPLES ARE ESSENTIAL FOR TRUSTWORTHY INFERENCES.

QZ \WHAT ROLE DOES PROBABILITY PLAY IN HYPOTHESIS TESTING IN BIOSTATISTICS?

A: PROBABILITY IS FUNDAMENTAL TO HYPOTHESIS TESTING. T HE P=VALUE, A KEY OUTPUT OF HYPOTHESIS TESTING, IS A
PROBABILITY THAT QUANTIFIES THE LIKELIHOOD OF OBSERVING THE STUDY RESULTS IF THE NULL HYPOTHESIS WERE TRUE. THIS
PROBABILITY HELPS RESEARCHERS DECIDE WHETHER TO REJECT OR FAIL TO REJECT THE NULL HYPOTHESIS, THEREBY PROVIDING
EVIDENCE FOR OR AGAINST THEIR RESEARCH QUESTION.
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