COMMON STATISTICAL PITFALLS

UNDERSTANDING COMMON STATISTICAL PITFALLS IN DATA ANALYSIS

IN TODAY'S DATA-DRIVEN WORLD, THE ABILITY TO INTERPRET AND LEVERAGE STATISTICAL INFORMATION IS PARAMOUNT FOR
INFORMED DECISION-MAKING ACROSS VARIOUS FIELDS. HO\X/EVERI THE JOURNEY FROM RAW DATA TO MEANINGFUL INSIGHTS IS
OFTEN FRAUGHT WITH PERIL, AND COMMON STATISTICAL PITFALLS CAN EASILY LEAD TO ERRONEOUS CONCLUSIONS AND
MISGUIDED STRATEGIES. THIS ARTICLE DELVES INTO THESE PREVALENT MISTAKES, OFFERING A COMPREHENSIVE GUIDE TO
NAVIGATING THE COMPLEXITIES OF STATISTICAL ANALYSIS AND AVOIDING COMMON PITFALLS. WE WILL EXPLORE ISSUES
RANGING FROM SAMPLING BIASES AND CONFOUNDING VARIABLES TO MISINTERPRETING CORRELATION AS CAUSATION AND THE
DANGERS OF P-HACKING. BY UNDERSTANDING THESE STATISTICAL PITFALLS, INDIVIDUALS AND ORGANIZATIONS CAN
SIGNIFICANTLY ENHANCE THE RELIABILITY AND VALIDITY OF THEIR DATA ANALYSIS, LEADING TO MORE ROBUST AND ACTIONABLE
OUTCOMES.
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THe FOUNDATION OF FLAWED DATA: SAMPLING AND MEASUREMENT ERRORS

AT THE VERY BEGINNING OF ANY STATISTICAL ENDEAVOR LIES THE DATA ITSELF. [F THE DATA COLLECTION PROCESS IS FLAWED,
THEN ALL SUBSEQUENT ANALYSIS, NO MATTER HOW SOPHISTICATED, WILL BE BUILT ON A SHAKY FOUNDATION. TwoO PRIMARY
AREAS WHERE THESE FOUNDATIONAL ISSUES ARISE ARE SAMPLING AND MEASUREMENT ERRORS. UNDERSTANDING THESE COMMON
STATISTICAL PITFALLS IS CRUCIAL FOR ENSURING THE INTEGRITY OF YOUR FINDINGS.



SAMPLING BiAS: WHEN YOURrR SAMPLE DOESN'T REFLECT REALITY

SAMPLING BIAS OCCURS WHEN THE SAMPLE USED IN A STUDY IS NOT REPRESENTATIVE OF THE POPULATION IT IS INTENDED TO
DESCRIBE. THIS CAN HAPPEN FOR A MULTITUDE OF REASONS, LEADING TO SKEWED RESULTS THAT DO NOT ACCURATELY REFLECT
THE TRUE CHARACTERISTICS OF THE LARGER GROUP. FOR INSTANCE, A SURVEY CONDUCTED ONLY ONLINE MIGHT OVERREPRESENT
INDIVIDUALS WITH INTERNET ACCESS AND UNDERREPRESENT THOSE WITHOUT, INTRODUCING A SIGNIFICANT BIAS. SIMILARLY/
CONVENIENCE SAMPLING, WHERE RESEARCHERS SELECT PARTICIPANTS WHO ARE READILY AVAILABLE, OFTEN LEADS TO
UNREPRESENTATIVE SAMPLES. THE CONSEQUENCES OF SAMPLING BIAS CAN BE SEVERE, LEADING TO INCORRECT GENERALIZATIONS
AND FLAWED DECISION-MAKING. RECOGNIZING AND MITIGATING SAMPLING BIAS IS A CRITICAL STEP IN AVOIDING COMMON
STATISTICAL PITFALLS.

SELECTION BIAS: THE SUBTLE ART OF EXCLUSION

SELECTION BIAS IS A SPECIFIC TYPE OF SAMPLING BIAS THAT ARISES FROM THE WAY PARTICIPANTS ARE SELECTED FOR A STUDY.
[T OCCURS WHEN THE PROCESS OF SELECTING PARTICIPANTS SYSTEMATICALLY FAVORS CERTAIN INDIVIDUALS OR GROUPS OVER
OTHERS. FOR EXAMPLE, A STUDY ON THE EFFECTIVENESS OF A NEW DIET PROGRAM THAT ONLY RECRUITS PARTICIPANTS WHO
HAVE ALREADY SHOWN SOME SUCCESS WITH WEIGHT LOSS WILL LIKELY YIELD OVERLY OPTIMISTIC RESULTS. THIS SELF-
SELECTION BIAS CAN CREATE A MISLEADING PICTURE OF THE PROGRAM'S GENERALIZABILITY. ANOTHER EXAMPLE IS VOLUNTEER
BIAS, WHERE INDIVIDUALS WHO VOLUNTEER FOR A STUDY MAY DIFFER SYSTEMATICALLY FROM THOSE WHO DO NOT.

MEASUREMENT ERRORS: INACCURATE OR INCONSISTENT DATA COLLECTION

MEASUREMENT ERRORS, ALSO KNOWN AS OBSERVATION ERRORS, OCCUR WHEN THE VALUES RECORDED FOR VARIABLES ARE
INACCURATE OR INCONSISTENT. THESE ERRORS CAN BE RANDOM OR SYSTEMATIC. RANDOM ERRORS TEND TO OCCUR
UNPREDICTABLY AND CAN AFFECT MEASUREMENTS IN ANY DIRECTION, POTENTIALLY CANCELING EACH OTHER OUT OVER A LARGE
SAMPLE. HO\Y/EVER, SYSTEMATIC ERRORS, ALSO CALLED BIAS IN MEASUREMENT, CONSISTENTLY PUSH MEASUREMENTS IN A
PARTICULAR DIRECTION. THIS COULD BE DUE TO FAULTY EQUIPMENT, POORLY DESIGNED QUESTIONNAIRES, OR INCONSISTENT
ADMINISTRATION OF TESTS. FOR INSTANCE, IF A THERMOMETER CONSISTENTLY READS 2 DEGREES HIGHER THAN THE ACTUAL
TEMPERATURE, THIS IS A SYSTEMATIC MEASUREMENT ERROR. ENSURING ACCURATE AND CONSISTENT MEASUREMENT INSTRUMENTS
AND PROTOCOLS IS VITAL TO AVOID THESE COMMON STATISTICAL PITFALLS.

NoON-RESPONSE BIAS: WHEN SoME DoN'T PARTICIPATE

NON-RESPONSE BIAS IS ANOTHER CRITICAL SAMPLING ISSUE THAT ARISES WHEN A SIGNIFICANT PORTION OF INDIVIDUALS
SELECTED FOR A SURVEY OR STUDY DO NOT PARTICIPATE. |F THE REASONS FOR NON-RESPONSE ARE RELATED TO THE VARIABLES
BEING STUDIED, THE RESULTING SAMPLE WILL BE UNREPRESENTATIVE. For EXAMPLE, IN A SURVEY ABOUT JOB SATISFACTION,
INDIVIDUALS WHO ARE HIGHLY DISSATISFIED MIGHT BE LESS LIKELY TO RESPOND, LEADING TO AN OVERESTIMATION OF OVERALL
SATISFACTION. RESEARCHERS MUST EMPLOY STRATEGIES TO MAXIMIZE RESPONSE RATES AND, WHEN POSSIBLE, ANALYZE THE
CHARACTERISTICS OF NON-RESPONDENTS TO ASSESS POTENTIAL BIAS.

THE PerILS OF MISINTERPRETING RELATIONSHIPS: CORRELATION VS.
CAUSATION

ONE OF THE MOST FREQUENTLY ENCOUNTERED AND CONSEQUENTIAL COMMON STATISTICAL PITFALLS IS THE CONFUSION
BETWEEN CORRELATION AND CAUSATION. WHILE TWO VARIABLES MAY MOVE TOGETHER, INDICATING A RELATIONSHIP, THIS
ASSOCIATION DOES NOT AUTOMATICALLY IMPLY THAT ONE VARIABLE CAUSES THE OTHER. UUNDERSTANDING THIS DISTINCTION IS
FUNDAMENTAL TO DRAWING ACCURATE CONCLUSIONS FROM DATA.



CoRrRreLATION: A MEASURE OF ASSOCIATION, NOT INFLUENCE

CORRELATION QUANTIFIES THE EXTENT TO WHICH TWO VARIABLES CHANGE TOGETHER. A POSITIVE CORRELATION MEANS THAT
AS ONE VARIABLE INCREASES, THE OTHER TENDS TO INCREASE AS WELL. A NEGATIVE CORRELATION INDICATES THAT AS ONE
VARIABLE INCREASES, THE OTHER TENDS TO DECREASE. A CORRELATION COEFFICIENT, SUCH AS PeArRsON's R, RANGES FROM -1
TO +1 , WITH VALUES CLOSER TO THE EXTREMES INDICATING A STRONGER ASSOCIATION. HO\X/EVER/ A STRONG CORRELATION
SIMPLY SUGGESTS THAT THERE IS A RELATIONSHIP BETWEEN THE VARIABLES; IT DOES NOT EXPLAIN WHY THAT RELATIONSHIP
EXISTS OR IF ONE DIRECTLY INFLUENCES THE OTHER. THIS IS A CRITICAL CONCEPT WHEN AVOIDING COMMON STATISTICAL
PITFALLS.

CausATION: THE ELusive Link oF CAUSE AND EFFECT

CAUSATION/ ON THE OTHER HAND, MEANS THAT A CHANGE IN ONE VARIABLE DIRECTLY LEADS TO A CHANGE IN ANOTHER
VARIABLE. ESTABLISHING CAUSATION REQUIRES MORE THAN JUST OBSERVING AN ASSOCIATION. |T TYPICALLY INVOLVES
RIGOROUS EXPERIMENTAL DESIGN, WHERE RESEARCHERS CAN MANIPULATE ONE VARIABLE (THE INDEPENDENT VARIABLE) AND
OBSERVE ITS EFFECT ON ANOTHER VARIABLE (THE DEPENDENT VARIABLE) WHILE CONTROLLING FOR OTHER POTENTIAL
INFLUENCES. RANDOMIZED CONTROLLED TRIALS (RCTS) ARE OFTEN CONSIDERED THE GOLD STANDARD FOR ESTABLISHING
CAUSALITY.

THe SpUrRIOUs CORRELATION TRAP

SPURIOUS CORRELATIONS OCCUR WHEN TWO VARIABLES APPEAR TO BE RELATED, BUT THE RELATIONSHIP IS PURELY
COINCIDENTAL OR DUE TO AN UNOBSERVED THIRD FACTOR. A CLASSIC EXAMPLE IS THE CORRELATION BETWEEN ICE CREAM SALES
AND DROWNING INCIDENTS, BOTH OF WHICH TEND TO INCREASE DURING THE SUMMER MONTHS. THE SHARED UNDERLYING FACTOR IS
THE WARMER WEATHER, NOT A CAUSAL LINK BETWEEN ICE CREAM AND DROWNING. MISTAKING SUCH SPURIOUS CORRELATIONS
FOR CAUSAL RELATIONSHIPS IS A SIGNIFICANT COMMON STATISTICAL PITFALL THAT CAN LEAD TO INEFFECTIVE INTERVENTIONS.

THe RoLE oF CONFOUNDING V ARIABLES IN CAUSALITY

CONFOUNDING VARIABLES ARE A MAJOR REASON WHY CORRELATION DOES NOT IMPLY CAUSATION. A CONFOUNDING VARIABLE IS
AN EXTRANEOUS VARIABLE THAT INFLUENCES BOTH THE INDEPENDENT AND DEPENDENT VARIABLES, CREATING A MISLEADING
ASSOCIATION BETWEEN THEM. FOR EXAMPLE, IF A STUDY FINDS THAT PEOPLE WHO DRINK MORE COFFEE ARE MORE LIKELY TO
DEVELOP HEART DISEASE, IT MIGHT NOT BE THE COFFEE ITSELF CAUSING THE PROBLEM. THE CONFOUNDING VARIABLE COULD BE
STRESS LEVELS;, PEOPLE WHO ARE MORE STRESSED MIGHT DRINK MORE COFFEE AND ALSO BE MORE PRONE TO HEART DISEASE DUE
TO STRESS. IDENTIFYING AND CONTROLLING FOR CONFOUNDING VARIABLES IS ESSENTIAL FOR INFERRING CAUSALITY.

NAVIGATING THE MAZE OF V ARIABLES: CONFOUNDING AND LURKING
V ARIABLES

BEYOND THE SIMPLE CORRELATION-CAUSATION CONFUSION, STATISTICAL ANALYSIS OFTEN BECOMES COMPLEX DUE TO THE
INTERPLAY OF MULTIPLE VARIABLES. UNDERSTANDING HOW THESE VARIABLES CAN DISTORT OBSERVED RELATIONSHIPS IS KEY TO
AVOIDING COMMON STATISTICAL PITFALLS.

UNDERSTANDING CONFOUNDING V ARIABLES

AS PREVIOUSLY TOUCHED UPON, CONFOUNDING VARIABLES ARE A SIGNIFICANT CHALLENGE. THEY ARE EXTERNAL FACTORS THAT
CAN DISTORT THE RELATIONSHIP BETWEEN AN INDEPENDENT VARIABLE AND A DEPENDENT VARIABLE. A TRUE CONFOUNDER IS
ASSOCIATED WITH BOTH THE EXPOSURE (INDEPENDENT VARIABLE) AND THE OUTCOME (DEPENDENT VARIABLE)I AND IT IS NOT ON
THE CAUSAL PATHWAY BETWEEN THEM. FOR INSTANCE, IN A STUDY EXAMINING THE EFFECT OF A NEW MEDICATION, AGE COULD
BE A CONFOUNDER IF OLDER INDIVIDUALS ARE MORE LIKELY TO TAKE THE MEDICATION AND ALSO HAVE A HIGHER INCIDENCE OF THE



DISEASE THE MEDICATION IS INTENDED TO TREAT. PROPER STUDY DESIGN, SUCH AS RANDOMIZATION AND MATCHING, AND
STATISTICAL TECHNIQUES LIKE STRATIFICATION AND REGRESSION ANALYSIS ARE USED TO CONTROL FOR CONFOUNDING
VARIABLES, HELPING TO CIRCUMVENT THESE COMMON STATISTICAL PITFALLS.

THe HIDDEN INFLUENCE OF LURKING V ARIABLES

LURKING VARIABLES ARE SIMILAR TO CONFOUNDERS IN THAT THEY ARE UNMEASURED VARIABLES THAT CAN INFLUENCE THE
OBSERVED RELATIONSHIP BETWEEN TWO OTHER VARIABLES. HO\X/EVER, LURKING VARIABLES ARE OFTEN MORE SUBTLE AND MIGHT
NOT BE IMMEDIATELY OBVIOUS TO THE RESEARCHER. THEY CAN EXIST WHEN THE UNDERLYING MECHANISM CONNECTING TWO
VARIABLES IS NOT FULLY UNDERSTOOD. FOR EXAMPLE, THE OBSERVED ASSOCIATION BETWEEN WEARING A PARTICULAR BRAND
OF CLOTHING AND ACADEMIC SUCCESS MIGHT BE INFLUENCED BY A LURKING VARIABLE SUCH AS SOCIOECONOMIC STATUS, WHICH
AFFECTS BOTH PURCHASING DECISIONS AND ACCESS TO EDUCATIONAL RESOURCES. RESEARCHERS MUST BE DILIGENT IN
CONSIDERING POTENTIAL LURKING VARIABLES WHEN INTERPRETING THEIR FINDINGS TO AVOID COMMON STATISTICAL PITFALLS.

SiMPsoN’s PAarADOX: AGGREGATION CAN MASk or Reverse TRENDS

SIMPSON'S PARADOX IS A STATISTICAL PHENOMENON WHERE A TREND APPEARS IN DIFFERENT GROUPS OF DATA BUT DISAPPEARS
OR EVEN REVERSES WHEN THESE GROUPS ARE COMBINED. THIS PARADOX OFTEN ARISES DUE TO THE INFLUENCE OF A LURKING OR
CONFOUNDING VARIABLE. FOR EXAMPLE, A MEDICAL TREATMENT MIGHT SHOW A HIGHER SUCCESS RATE IN MEN AND \¥ OMEN
SEPARATELY, BUT WHEN THE DATA IS POOLED, THE TREATMENT MIGHT APPEAR LESS EFFECTIVE OR EVEN HARMFUL OVERALL, IF,
FOR INSTANCE, THE TREATMENT WAS MORE FREQUENTLY GIVEN TO SICKER INDIVIDUALS WITHIN ONE GENDER GROUP. RECOGNIZING
THE POTENTIAL FOR SIMPSON'S PARADOX IS CRUCIAL FOR AVOIDING COMMON STATISTICAL PITFALLS, AS IT HIGHLIGHTS THE
IMPORTANCE OF DISAGGREGATING DATA AND CONSIDERING SUBGROUP ANALYSES.

THe TYRANNY OF SMALL NUMBERS: ISSUES WITH SAMPLE SizE

THE SIZE OF THE SAMPLE USED IN A STATISTICAL STUDY PLAYS A CRITICAL ROLE IN THE RELIABILITY AND GENERALIZABILITY OF
ITS FINDINGS. INSUFFICIENT SAMPLE SIZES ARE A PERVASIVE ISSUE AND A SIGNIFICANT CONTRIBUTOR TO COMMON STATISTICAL
PITFALLS.

INSUFFICIENT SAMPLE SIZE AND STATISTICAL POWER

STATISTICAL POWER REFERS TO THE PROBABILITY OF CORRECTLY REJECTING A FALSE NULL HYPOTHESIS. STUDIES WITH SMALL
SAMPLE SIZES OFTEN LACK SUFFICIENT STATISTICAL POWER TO DETECT A REAL EFFECT, EVEN IF ONE EXISTS. THIS CAN LEAD TO
TvYPE || ERRORS, WHERE A STUDY CONCLUDES THERE IS NO SIGNIFICANT DIFFERENCE OR RELATIONSHIP WHEN, IN FACT, THERE IS
ONE. THIS IS OFTEN REFERRED TO AS A “FALSE NEGATIVE.” THE “TYRANNY OF SMALL NUMBERS” EMPHASIZES THAT SMALL
SAMPLES ARE MORE SUSCEPTIBLE TO RANDOM FLUCTUATIONS AND OUTLIERS, MAKING THE RESULTS LESS STABLE AND MORE
LIKELY TO BE MISLEADING. FOR ACCURATE STATISTICAL ANALYSIS, A SAMPLE SIZE CALCULATION IS OFTEN NECESSARY.

OVERFITTING AND UNDERFITTING IN MODEL BUILDING

IN STATISTICAL MODELING, ESPECIALLY WITH COMPLEX DATASETS, SAMPLE SIZE ISSUES CAN LEAD TO OVERFITTING OR
UNDERFITTING. OVERFITTING OCCURS WHEN A MODEL IS TOO COMPLEX FOR THE AMOUNT OF DATA AVAILABLE, CAPTURING
NOISE AND RANDOM FLUCTUATIONS IN THE TRAINING DATA RATHER THAN THE UNDERLYING PATTERNS. THIS RESULTS IN A MODEL
THAT PERFORMS POORLY ON NEW, UNSEEN DATA. CONVERSELYI UNDERFITTING OCCURS WHEN A MODEL IS TOO SIMPLE TO
CAPTURE THE UNDERLYING PATTERNS IN THE DATA, LEADING TO POOR PERFORMANCE ON BOTH TRAINING AND TEST DATA.
BALANCING MODEL COMPLEXITY WITH SAMPLE SIZE IS CRUCIAL TO AVOID THESE COMMON STATISTICAL PITFALLS.



THE IMPACT OF OUTLIERS ON SMALL SAMPLES

OUTLIERS ARE DATA POINTS THAT SIGNIFICANTLY DIFFER FROM OTHER OBSERVATIONS. IN SMALL SAMPLES, A SINGLE OUTLIER
CAN HAVE A DISPROPORTIONATELY LARGE IMPACT ON STATISTICAL MEASURES LIKE THE MEAN, STANDARD DEVIATION, AND
CORRELATION COEFFICIENTS. THIS CAN SKEW THE RESULTS AND LEAD TO INACCURATE CONCLUSIONS. ROBUST STATISTICAL
METHODS OR OUTLIER DETECTION AND TREATMENT TECHNIQUES ARE OFTEN EMPLOYED TO MITIGATE THE INFLUENCE OF OUTLIERS,
ESPECIALLY WHEN DEALING WITH LIMITED DATA. IGNORING THE POTENTIAL IMPACT OF OUTLIERS IS A COMMON STATISTICAL
PITFALL.

THE ILLUSION OF SIGNIFICANCE: OVERRELIANCE ON P-VALUES AND
HypoTHESIS TESTING PITFALLS

HYPOTHESIS TESTING IS A CORNERSTONE OF STATISTICAL INFERENCE, BUT ITS MISUSE OR MISUNDERSTANDING CAN LEAD TO
SIGNIFICANT COMMON STATISTICAL PITFALLS, PARTICULARLY CONCERNING THE INTERPRETATION OF P-VALUES.

MISINTERPRETING THE P-VALUE

THE P-VALUE IS THE PROBABILITY OF OBSERVING DATA AS EXTREME AS, OR MORE EXTREME THAN, THE OBSERVED DATA,
ASSUMING THE NULL HYPOTHESIS IS TRUE. IT IS NOT THE PROBABILITY THAT THE NULL HYPOTHESIS IS TRUE, NOR IS IT A
MEASURE OF THE SIZE OR IMPORTANCE OF AN EFFECT. A COMMON STATISTICAL PITFALL IS TO INTERPRET A P-VALUE BELOW A
SIGNIFICANCE LEVEL (E.G., 005) AS DEFINITIVE PROOF THAT THE ALTERNATIVE HYPOTHESIS IS TRUE OR THAT THE EFFECT IS
LARGE AND MEANINGFUL. IN REALITY, A SMALL P-VALUE SIMPLY INDICATES THAT THE OBSERVED DATA IS UNLIKELY UNDER THE
NULL HYPOTHESIS.

THe DiIcHOTOMOUS THINKING OF SIGNIFICANCE LEVELS

THE RELIANCE ON ARBITRARY SIGNIFICANCE LEVELS (E.G., P < 0.05) OFTEN LEADS TO DICHOTOMOUS THINKING = CLASSIFYING
RESULTS AS EITHER “SIGNIFICANT” OR “NOT SIGNIFICANT.” THIS BINARY APPROACH CAN BE MISLEADING, AS IT IGNORES THE
CONTINUUM OF EVIDENCE. A P-VALUE OF 0.049 IS TREATED AS A GROUNDBREAKING DISCOVERY, WHILE A P-VALUE oF 0.051
IS DISMISSED, EVEN THOUGH THE EVIDENCE IS VIRTUALLY IDENTICAL. THIS CAN CREATE A FALSE SENSE OF CERTAINTY AND LEAD
TO THE OVERLOOKING OF POTENTIALLY IMPORTANT, ALBEIT NOT STATISTICALLY SIGNIFICANT AT A CONVENTIONAL
THRESHOLD, FINDINGS. AVOIDING THIS COMMON STATISTICAL PITFALL INVOLVES CONSIDERING THE MAGNITUDE OF EFFECT AND
THE CONTEXT OF THE RESEARCH.

THe ProBLEM oF MULTIPLE COMPARISONS

\W/HEN MULTIPLE STATISTICAL TESTS ARE CONDUCTED ON THE SAME DATASET, THE PROBABILITY OF OBTAINING A
STATISTICALLY SIGNIFICANT RESULT PURELY BY CHANCE INCREASES. THIS IS KNOWN AS THE PROBLEM OF MULTIPLE
COMPARISONS. FOR INSTANCE, IF YOU TEST 20 HYPOTHESES, EACH WITH A SIGNIFICANCE LEVEL OF 005, YOU WOULD EXPECT
TO FIND APPROXIMATELY ONE STATISTICALLY SIGNIFICANT RESULT PURELY BY CHANCE, EVEN IF NONE OF THE HYPOTHESES ARE
TRULY TRUE. WITHOUT ADJUSTING FOR MULTIPLE COMPARISONS (E.G., USING BONFERRONI CORRECTION OR FALSE DISCOVERY
RATE CONTROL), RESEARCHERS ARE AT RISK OF IDENTIFYING SPURIOUS RELATIONSHIPS. THIS IS A CRITICAL COMMON
STATISTICAL PITFALL IN EXPLORATORY DATA ANALYSIS.

IGNORING EFFECT SIzE

W/HILE P-VALUES TELL US ABOUT THE STATISTICAL SIGNIFICANCE OF A RESULT, THEY DO NOT INFORM US ABOUT THE
PRACTICAL SIGNIFICANCE OR THE MAGNITUDE OF THE EFFECT. A STATISTICALLY SIGNIFICANT RESULT FROM A VERY LARGE
SAMPLE MIGHT INDICATE A VERY SMALL, PRACTICALLY INSIGNIFICANT EFFECT. CONVERSELYI A LARGE EFFECT MIGHT NOT REACH
STATISTICAL SIGNIFICANCE IN A SMALL SAMPLE. RESEARCHERS SHOULD ALWAYS REPORT AND CONSIDER EFFECT SIZES (E.G.,



CoHeN's D, R‘SQUARED) ALONGSIDE P-VALUES TO PROVIDE A MORE COMPLETE UNDERSTANDING OF THE FINDINGS. FAILING TO
CONSIDER EFFECT SIZE IS A PERVASIVE COMMON STATISTICAL PITFALL.

THe DANGER OF DATA DREDGING: P-HACKING AND CHERRY-PICKING

THE ALLURE OF FINDING STATISTICALLY SIGNIFICANT RESULTS CAN LEAD TO UNETHICAL PRACTICES LIKE P-HACKING AND CHERRY-
PICKING, WHICH ARE SIGNIFICANT COMMON STATISTICAL PITFALLS THAT UNDERMINE THE INTEGRITY OF RESEARCH.

P-HACKING: THE SEARCH FOR SIGNIFICANCE

P‘HACKING, ALSO KNOWN AS DATA DREDGING OR SIGNIFICANCE CHASING, INVOLVES REPEATEDLY ANALYZING DATA IN DIFFERENT
WAYS UNTIL A STATISTICALLY SIGNIFICANT RESULT IS FOUND. THIS MIGHT INVOLVE TRYING DIFFERENT STATISTICAL MODELS,
INCLUDING OR EXCLUDING CERTAIN VARIABLES, OR ANALYZING SUBGROUPS OF THE DATA. EACH TIME A NEW ANALYSIS IS
PERFORMED, THE P-VALUE IS REFEVALUATED. THIS PROCESS INFLATES THE T YPE | ERROR RATE, MAKING IT MORE LIKELY TO FIND
A “SIGNIFICANT” RESULT EVEN WHEN NO TRUE EFFECT EXISTS. P-HACKING FUNDAMENTALLY VIOLATES THE PRINCIPLES OF
HYPOTHESIS TESTING AND IS A MAJOR COMMON STATISTICAL PITFALL.

CHERRY-PICKING: SELECTING FAVORABLE RESULTS

CHERRY-PICKING INVOLVES SELECTIVELY REPORTING ONLY THE FINDINGS THAT SUPPORT A PARTICULAR HYPOTHESIS OR
NARRATIVE, WHILE IGNORING OR DOWNPLAYING RESULTS THAT CONTRADICT IT. THIS CAN HAPPEN AT VARIOUS STAGES OF THE
RESEARCH PROCESS, FROM SELECTING WHICH DATA TO ANALYZE TO CHOOSING WHICH RESULTS TO PRESENT IN A PUBLICATION.
CHERRY-PICKING CREATES A BIASED REPRESENTATION OF THE EVIDENCE AND CAN LEAD TO A SKEWED UNDERSTANDING OF THE
PHENOMENON BEING STUDIED. IT'S A FORM OF SELECTIVE REPORTING THAT IS A SERIOUS COMMON STATISTICAL PITFALL.

PREREGISTRATION AS A SAFEGUARD

To COMBAT P-HACKING AND CHERRY~PICKING, MANY RESEARCHERS ADVOCATE FOR PREREGISTRATION OF STUDY PROTOCOLS
AND ANALYSIS PLANS. THIS MEANS THAT RESEARCHERS COMMIT TO A SPECIFIC RESEARCH QUESTION AND A PREDEFINED SET OF
ANALYSES BEFORE COLLECTING OR ANALYZING DATA. ANY DEVIATIONS FROM THE PREREGISTERED PLAN MUST BE CLEARLY
DISCLOSED. THIS TRANSPARENCY HELPS TO PREVENT OPPORTUNISTIC DATA MANIPULATION AND INCREASES THE CREDIBILITY OF
THE FINDINGS, MITIGATING THESE COMMON STATISTICAL PITFALLS.

MISUNDERSTANDING UNCERTAINTY: CONFIDENCE INTERVALS AND MARGIN OF
ERROR

UNDERSTANDING AND COMMUNICATING UNCERTAINTY IS A CRUCIAL ASPECT OF STATISTICAL REPORTING. MISINTERPRETING
CONFIDENCE INTERVALS AND MARGINS OF ERROR CAN LEAD TO OVERCONFIDENCE OR UNDERCONFIDENCE IN FINDINGS, REPRESENTING
ANOTHER SET OF COMMON STATISTICAL PITFALLS.

INTERPRETING CONFIDENCE INTERVALS CORRECTLY

A CONFIDENCE INTERVAL PROVIDES A RANGE OF PLAUSIBLE VALUES FOR AN UNKNOWN POPULATION PARAMETER. FOR EXAMPLE, A
959 CONFIDENCE INTERVAL MEANS THAT IF THE STUDY WERE REPEATED MANY TIMES, 959 OF THE CALCULATED INTERVALS
WOULD CONTAIN THE TRUE POPULATION PARAMETER. A COMMON STATISTICAL PITFALL IS TO INTERPRET A CONFIDENCE
INTERVAL AS MEANING THERE IS A 959% PROBABILITY THAT THE TRUE POPULATION PARAMETER FALLS WITHIN THAT SPECIFIC
INTERVAL. THE PROBABILITY APPLIES TO THE PROCEDURE OF CONSTRUCTING THE INTERVAL, NOT TO THE SPECIFIC INTERVAL



OBTAINED FROM A SINGLE STUDY.

THE MEANING OF MARGIN OF ERROR

THE MARGIN OF ERROR IS OFTEN REPORTED IN SURVEYS AND POLLS, INDICATING THE POTENTIAL DIFFERENCE BETWEEN THE
RESULTS FROM A SAMPLE AND THE RESULTS THAT WOULD HAVE BEEN OBTAINED IF THE ENTIRE POPULATION HAD BEEN SURVEYED.
|T REPRESENTS THE PRECISION OF THE ESTIMATE. A COMMON STATISTICAL PITFALL IS TO TREAT THE MARGIN OF ERROR AS THE
ONLY SOURCE OF UNCERTAINTY. |IT DOES NOT ACCOUNT FOR POTENTIAL BIASES IN SAMPLING, QUESTION WORDING, OR NON-
RESPONSE, WHICH CAN INTRODUCE MUCH LARGER ERRORS.

THe TRADE-OFF BETWEEN PRECISION AND CONFIDENCE

THERE IS AN INHERENT TRADE-OFF BETWEEN THE WIDTH OF A CONFIDENCE INTERVAL (PRECISION) AND THE LEVEL OF CONFIDENCE.
W/IDER INTERVALS PROVIDE HIGHER CONFIDENCE BUT LESS PRECISION, WHILE NARROWER INTERVALS OFFER GREATER PRECISION
BUT LOWER CONFIDENCE. RESEARCHERS MUST STRIKE A BALANCE THAT IS APPROPRIATE FOR THEIR RESEARCH QUESTION AND THE
NATURE OF THE DATA. MISJUDGING THIS BALANCE CAN LEAD TO REPORTING FINDINGS THAT ARE EITHER TOO UNCERTAIN OR
FALSELY PRECISE, FALLING INTO COMMON STATISTICAL PITFALLS.

VIsUALIZING DecepTIoN: CoMMON CHARTING AND GRAPHING ERRORS

DATA VISUALIZATION IS A POWERFUL TOOL FOR COMMUNICATING STATISTICAL FINDINGS, BUT POORLY DESIGNED OR
INTENTIONALLY MISLEADING CHARTS CAN OBSCURE THE TRUTH AND CREATE A FALSE IMPRESSION, CONTRIBUTING TO COMMON
STATISTICAL PITFALLS.

MISLEADING AXES: TRUNCATION AND SCALE MANIPULATION

ONE OF THE MOST COMMON WAYS TO MISLEAD WITH GRAPHS IS BY MANIPULATING THE AXES. TRUNCATING THE Y-AXIS
(STARTING IT AT A VALUE OTHER THAN ZERO) CAN EXAGGERATE SMALL DIFFERENCES BETWEEN DATA POINTS, MAKING THEM
APPEAR MUCH MORE SIGNIFICANT THAN THEY ARE. CONVERSELY, A VERY WIDE RANGE ON THE Y-AXIS CAN MINIMIZE PERCEIVED
DIFFERENCES. SIMILARLY, USING INCONSISTENT SCALES OR NON-LINEAR SCALES WITHOUT CLEAR INDICATION CAN DISTORT THE
VISUAL REPRESENTATION OF DATA. THESE ARE CLASSIC COMMON STATISTICAL PITFALLS IN DATA PRESENTATION.

CHerrY-PIickING DATA POINTS IN VISUALIZATIONS

JUST AS DATA CAN BE CHERRY-PICKED IN ANALYSIS, SO TOO CAN DATA POINTS BE SELECTED FOR INCLUSION IN A GRAPH TO
SUPPORT A SPECIFIC NARRATIVE. THIS CAN INVOLVE OMITTING DATA POINTS THAT DO NOT FIT THE DESIRED TREND OR FOCUSING
ONLY ON A SPECIFIC PERIOD OR SUBSET OF THE DATA. THE RESULTING VISUALIZATION MAY APPEAR COMPELLING BUT PROVIDES
AN INCOMPLETE AND POTENTIALLY DECEPTIVE PICTURE OF THE OVERALL DATA. THIS IS A DELIBERATE MANIPULATION THAT
CONSTITUTES A COMMON STATISTICAL PITFALL.

INAPPROPRIATE CHART TYPES

THE CHOICE OF CHART TYPE SIGNIFICANTLY IMPACTS HOW DATA IS PERCEIVED. USING INAPPROPRIATE CHARTS CAN LEAD TO
MISINTERPRETATION. FOR EXAMPLE, USING A PIE CHART TO COMPARE TOO MANY CATEGORIES OR TO SHOW TRENDS OVER TIME IS
GENERALLY NOT EFFECTIVE. SIMILARLY/ USING A BAR CHART WHEN A LINE GRAPH WWOULD BE MORE APPROPRIATE FOR SHOWING
CONTINUOUS CHANGE CAN BE MISLEADING. SELECTING THE WRONG VISUALIZATION IS A COMMON STATISTICAL PITFALL THAT
HINDERS CLEAR COMMUNICATION.



Over-CoMPLICATION AND CLUTTER

OVERLY COMPLEX OR CLUTTERED GRAPHS WITH TOO MUCH INFORMATION, UNNECESSARY 3D EFFECTS, OR DISTRACTING VISUAL
ELEMENTS CAN MAKE IT DIFFICULT FOR THE AUDIENCE TO EXTRACT THE INTENDED MESSAGE. THIS CAN OBSCURE IMPORTANT
TRENDS AND RELATIONSHIPS, LEADING TO MISINTERPRETATION. CLARITY AND SIMPLICITY ARE KEY TO EFFECTIVE DATA
VISUALIZATION, AND COMPLEXITY CAN BE A GATEWAY TO COMMON STATISTICAL PITFALLS.

THE HUMAN ELEMENT: COGNITIVE BIASES IN STATISTICAL INTERPRETATION

BEYOND THE PURELY MATHEMATICAL ASPECTS OF STATISTICS, HUMAN COGNITIVE BIASES CAN SIGNIFICANTLY INFLUENCE HOW
DATA IS INTERPRETED AND APPLIED, LEADING TO COMMON STATISTICAL PITFALLS.

CONFIRMATION BIAS: SEEKING EVIDENCE THAT FiTS

CONFIRMATION BIAS IS THE TENDENCY TO SEARCH FOR, INTERPRET, FAVOR, AND RECALL INFORMATION IN A WAY THAT CONFIRMS
ONE’S PREEXISTING BELIEFS OR HYPOTHESES. IN STATISTICAL ANALYSIS, THIS MEANS RESEARCHERS MIGHT UNCONSCIOUSLY
FOCUS ON FINDINGS THAT SUPPORT THEIR INITIAL IDEAS AND DISREGARD EVIDENCE THAT CONTRADICTS THEM. THIS CAN LEAD TO
BIASED INTERPRETATIONS AND A FAILURE TO CONSIDER ALTERNATIVE EXPLANATIONS, REPRESENTING A SIGNIFICANT COMMON
STATISTICAL PITFALL.

AVAILABILITY HEURISTIC: OVERESTIMATING WHAT'S EASILY RECALLED

THE AVAILABILITY HEURISTIC IS A MENTAL SHORTCUT THAT RELIES ON IMMEDIATE EXAMPLES THAT COME TO A GIVEN PERSON'S
MIND WHEN EVALUATING A SPECIFIC TOPIC, CONCEPT, METHOD, OR DECISION. IF DRAMATIC OR EASILY RECALLED INSTANCES OF A
PHENOMENON ARE READILY AVAILABLE, PEOPLE MAY OVERESTIMATE THEIR FREQUENCY OR IMPORTANCE. THIS CAN INFLUENCE
HOW STATISTICAL RESULTS ARE WEIGHED, WITH STRIKING BUT PERHAPS UNREPRESENTATIVE FINDINGS POTENTIALLY DOMINATING
THE INTERPRETATION OVER MORE MUNDANE BUT STATISTICALLY ROBUST EVIDENCE. THIS BIAS IS A SUBTLE COMMON
STATISTICAL PITFALL.

ANCHORING BIAS: GETTING STUCK ON INITIAL ESTIMATES

ANCHORING BIAS OCCURS WHEN AN INDIVIDUAL RELIES TOO HEAVILY ON AN INITIAL PIECE OF INFORMATION (THE ”ANCHORH)
OFFERED WHEN MAKING DECISIONS. IN STATISTICS, THIS MIGHT INVOLVE AN INITIAL ESTIMATE OR A COMMONLY CITED FIGURE
BECOMING AN ANCHOR, INFLUENCING SUBSEQUENT INTERPRETATIONS OF NEW DATA, EVEN IF THE ANCHOR IS INACCURATE OR
IRRELEVANT. RESEARCHERS MAY BE HESITANT TO DEVIATE FROM ESTABLISHED FIGURES, EVEN WHEN NEW DATA SUGGESTS
OTHERWISE, FALLING PREY TO THIS COMMON STATISTICAL PITFALL.

DUNNING-KRUGER EFFeCT: OVERESTIMATING COMPETENCE

THE DUNNING-KRUGER EFFECT DESCRIBES A COGNITIVE BIAS WHEREBY PEOPLE WITH LOW ABILITY AT A TASK OVERESTIMATE
THEIR ABILITY. IN STATISTICAL ANALYSIS, INDIVIDUALS WITH LIMITED UNDERSTANDING OF STATISTICAL PRINCIPLES MAY BE
OVERCONFIDENT IN THEIR INTERPRETATIONS, FAILING TO RECOGNIZE THEIR OWN LIMITATIONS OR THE COMPLEXITIES OF THE DATA.
THIS CAN LEAD TO THE PROPAGATION OF ERRORS AND THE PERPETUATION OF COMMON STATISTICAL PITFALLS BY THOSE WHO
ARE NOT AWARE OF THEIR OWN LACK OF EXPERTISE.

BUILDING RoBUST ANALYSIS: STRATEGIES TO Avoilb COMMON STATISTICAL



PITFALLS

SUCCESSFULLY NAVIGATING THE LANDSCAPE OF STATISTICAL ANALYSIS REQUIRES A PROACTIVE APPROACH TO IDENTIFYING
AND MITIGATING POTENTIAL ERRORS. IMPLEMENTING SOUND PRACTICES CAN SIGNIFICANTLY ENHANCE THE RELIABILITY OF YOUR
FINDINGS AND HELP YOU AVOID COMMON STATISTICAL PITFALLS.

® THOROUGH STUDY DESIGN: BEGIN WITH A WELL-DEFINED RESEARCH QUESTION AND A ROBUST STUDY DESIGN THAT
ACCOUNTS FOR POTENTIAL BIASES. THIS INCLUDES CAREFUL CONSIDERATION OF SAMPLING METHODS TO ENSURE
REPRESENTATIVENESS AND PLANNING FOR CONTROLLING CONFOUNDING VARIABLES.

¢ DATA VALIDATION AND CLEANING: BEFORE ANALYSIS, RIGOROUSLY VALIDATE AND CLEAN YOUR DATA. CHECK FOR
ERRORS, INCONSISTENCIES, MISSING VALUES, AND OUTLIERS. (UNDERSTAND THE NATURE OF ANY ANOMALIES AND DECIDE
ON APPROPRIATE METHODS FOR HANDLING THEM.

* APPROPRIATE STATISTICAL METHODS: SELECT STATISTICAL METHODS THAT ARE APPROPRIATE FOR THE TYPE OF DATA
YOU HAVE AND THE RESEARCH QUESTIONS YOU ARE ASKING. CONSULT WITH STATISTICAL EXPERTS IF YOU ARE UNSURE.

e Focus oN EFrecT Sizes AND CONFIDENCE INTERVALS: REPORT EFFECT SIZES AND CONFIDENCE INTERVALS ALONGSIDE P-
VALUES TO PROVIDE A MORE COMPLETE PICTURE OF THE RESULTS. THIS HELPS TO DISTINGUISH STATISTICAL
SIGNIFICANCE FROM PRACTICAL SIGNIFICANCE.

® PRE-REGISTRATION AND TRANSPARENCY: CONSIDER PREREGISTERING YOUR STUDY PROTOCOL AND ANALYSIS PLAN TO
PREVENT P-HACKING AND CHERRY-PICKING. BE TRANSPARENT ABOUT YOUR METHODS, ASSUMPTIONS, AND ANY
DEVIATIONS FROM THE ORIGINAL PLAN.

¢ MuLTIPLE CoMPARISONS CORRECTION: \W/HEN CONDUCTING MULTIPLE STATISTICAL TESTS, APPLY APPROPRIATE
METHODS TO ADJUST FOR THE INCREASED RISK OF T YPE | ERRORS.

o CRITICAL EVALUATION OF VISUALIZATIONS: ALWAYS CRITICALLY EXAMINE GRAPHS AND CHARTS, WHETHER YOU
CREATED THEM OR ARE INTERPRETING SOMEONE ELSE'S. LOOK FOR MISLEADING SCALES, INAPPROPRIATE CHART TYPES,
AND SELECTIVE DATA PRESENTATION.

o AwARENESS OF COGNITIVE BIASES: CULTIVATE SELF-AWARENESS REGARDING COMMON COGNITIVE BIASES THAT CAN
AFFECT STATISTICAL INTERPRETATION. SEEK PEER REVIEW AND DIVERSE PERSPECTIVES TO CHALLENGE YOUR OWN
ASSUMPTIONS.

o CONTINUOUS LEARNING: STAY UPDATED ON BEST PRACTICES IN STATISTICAL ANALYSIS AND DATA INTERPRETATION.
THE FIELD OF STATISTICS IS CONSTANTLY EVOLVING, AND CONTINUOUS LEARNING IS KEY TO AVOIDING COMMON
STATISTICAL PITFALLS.

CONCLUSION: MASTERING STATISTICS FOR RELIABLE INSIGHTS

THE PURSUIT OF KNOWLEDGE THROUGH DATA ANALYSIS IS AN INVALUABLE ENDEAVOR, BUT IT IS ONE THAT DEMANDS RIGOR,
CRITICAL THINKING, AND A DEEP UNDERSTANDING OF POTENTIAL PITFALLS. BY BECOMING FAMILIAR WITH COMMON STATISTICAL
PITFALLS—FROM SAMPLING AND MEASUREMENT ERRORS TO MISINTERPRETING CORRELATION AND THE DANGERS OF P~
HACKING—™ANALYSTS AND RESEARCHERS CAN SIGNIFICANTLY IMPROVE THE ACCURACY AND TRUSTWORTHINESS OF THEIR
CONCLUSIONS. IMPLEMENTING STRATEGIES LIKE ROBUST STUDY DESIGN, TRANSPARENT REPORTING OF EFFECT SIZES, AND A
CONSCIOUS EFFORT TO MITIGATE COGNITIVE BIASES ARE ESSENTIAL STEPS IN BUILDING RELIABLE STATISTICAL INSIGHTS.
ULTIMATELY, MASTERING STATISTICS MEANS NOT ONLY UNDERSTANDING THE TOOLS BUT ALSO RECOGNIZING AND ACTIVELY
AVOIDING THE COMMON STATISTICAL PITFALLS THAT CAN LEAD TO FLAWED INTERPRETATIONS AND MISGUIDED DECISIONS,
ENSURING THAT DATA TRULY SERVES AS A GUIDE TO BETTER UNDERSTANDING AND MORE EFFECTIVE ACTION.



FREQUENTLY AskeD QUESTIONS

\WHAT IS THE ‘P-HACKING' PITFALL AND HOW CAN IT LEAD TO SPURIOUS FINDINGS?

P‘HACKING, ALSO KNOWN AS DATA DREDGING OR SIGNIFICANCE CHASING, OCCURS WHEN RESEARCHERS ANALYZE THEIR DATA IN
MANY DIFFERENT WAYS UNTIL THEY FIND A STATISTICALLY SIGNIFICANT RESULT (TYPICALLY p< 005), OFTEN WITHOUT PRE~
SPECIFYING THEIR ANALYSES. THIS INFLATES THE PROBABILITY OF T YPE | ERRORS (FALSE POSITIVES) BECAUSE EACH ADDITIONAL
TEST INCREASES THE CHANCE OF A SIGNIFICANT FINDING OCCURRING PURELY BY RANDOM VARIATION, EVEN IF THE NULL
HYPOTHESIS IS TRUE.

How DOEs THE ‘TEXAS SHARPSHOOTER FALLACY' MANIFEST IN DATA ANALYSIS AND
WHY IS IT PROBLEMATIC?

THE TEXAS SHARPSHOOTER FALLACY INVOLVES FINDING PATTERNS OR CLUSTERS IN DATA AND THEN CREATING A HYPOTHESIS
TO EXPLAIN THOSE PATTERNS AFTER THE FACT. IT'S LIKE SHOOTING A GUN AT A BARN WALL AND THEN DRAWING A BULLSEYE
AROUND THE CLOSEST CLUSTER OF BULLET HOLES. THIS APPROACH LEADS TO CONCLUSIONS THAT APPEAR STATISTICALLY
SIGNIFICANT BUT LACK GENUINE PREDICTIVE POWER OR CAUSAL EXPLANATION, AS THE HYPOTHESIS WAS NOT INDEPENDENTLY
TESTED.

\WHAT IS 'CONFOUNDING' AND HOW CAN IT DISTORT THE PERCEIVED RELATIONSHIP
BETWEEN VARIABLES?

CONFOUNDING OCCURS WHEN AN UNMEASURED OR UNACKNOWLEDGED THIRD VARIABLE (THE CONFOUNDER) INFLUENCES BOTH THE
INDEPENDENT AND DEPENDENT VARIABLES. THIS CREATES AN APPARENT ASSOCIATION BETWEEN THE TWO VARIABLES THAT ISN'T
TRULY CAUSAL. For EXAMPLE, ICE CREAM SALES AND DROWNING INCIDENTS ARE CORRELATED, BUT THE CONFOUNDER IS HOT
WEATHER, WHICH DRIVES BOTH.

EXPLAIN THE PITFALL OF ‘OVERFITTING' IN STATISTICAL MODELING AND ITS
CONSEQUENCES.

OVERFITTING HAPPENS WHEN A STATISTICAL MODEL IS TOO COMPLEX AND CAPTURES NOISE IN THE TRAINING DATA RATHER
THAN THE UNDERLYING SIGNAL. THIS RESULTS IN A MODEL THAT PERFORMS EXCEPTIONALLY WELL ON THE DATA IT WAS TRAINED
ON BUT POORLY ON NEW, UNSEEN DATA. THE MODEL HAS ESSENTIALLY 'MEMORIZED' THE TRAINING DATA, LEADING TO POOR
GENERALIZATION AND UNRELIABLE PREDICTIONS.

\WHAT IS THE DANGER OF 'CONFIRMATION BIAS' IN STATISTICAL INTERPRETATION?

CONFIRMATION BIAS IS THE TENDENCY TO SEARCH FOR, INTERPRET, FAVOR, AND RECALL INFORMATION IN A WAY THAT CONFIRMS
ONE’S PRE-EXISTING BELIEFS OR HYPOTHESES. IN STATISTICS, THIS CAN LEAD RESEARCHERS TO SELECTIVELY FOCUS ON FINDINGS
THAT SUPPORT THEIR DESIRED OUTCOME WHILE DOWNPLAYING OR IGNORING EVIDENCE THAT CONTRADICTS IT, LEADING TO
BIASED CONCLUSIONS.

\WHY IS 'IGNORING THE BASELINE' A COMMON STATISTICAL PITFALL, PARTICULARLY IN
HEALTH OR PERFORMANCE METRICS?

|GNORING THE BASELINE MEANS FAILING TO ACCOUNT FOR THE STARTING POINT OR PRE-INTERVENTION STATE WHEN EVALUATING
THE IMPACT OF A TREATMENT OR CHANGE. FOR EXAMPLE, IF TWO GROUPS START WITH VERY DIFFERENT LEVELS OF A METRIC,

SIMPLY COMPARING THEIR FINAL VALUES WITHOUT CONSIDERING THE INITIAL DIFFERENCE CAN BE MISLEADING. A SMALL
IMPROVEMENT FROM A VERY LOW BASELINE MIGHT BE MORE SIGNIFICANT THAN A LARGER IMPROVEMENT FROM A HIGH BASELINE.

\WHAT IS THE 'ECOLOGICAL FALLACY' AND HOW DOES IT RELATE TO INTERPRETING



GROUP-LEVEL DATA FOR INDIVIDUALS?

THE ECOLOGICAL FALLACY IS THE ERROR OF MAKING INFERENCES ABOUT INDIVIDUALS BASED SOLELY ON AGGREGATED GROUP
DATA. For EXAMPLE, IF A STUDY FINDS THAT CITIES WITH HIGHER PER CAPITA INCOME HAVE HIGHER CRIME RATES, IT DOES NOT
NECESSARILY MEAN THAT WEALTHIER INDIVIDUALS WITHIN THOSE CITIES ARE MORE LIKELY TO COMMIT CRIMES. THE OBSERVED
CORRELATION AT THE GROUP LEVEL MAY NOT HOLD TRUE AT THE INDIVIDUAL LEVEL.

How cAN ’ SIMPSON’s PARADOX' LEAD TO COUNTER-INTUITIVE CONCLUSIONS WHEN
ANALYZING CATEGORICAL DATA?

SIMPSON'S PARADOX OCCURS WHEN A TREND APPEARS IN DIFFERENT GROUPS OF DATA BUT DISAPPEARS OR REVERSES WHEN
THESE GROUPS ARE COMBINED. THIS HAPPENS BECAUSE A LURKING VARIABLE (A CONFOUNDER) IS INFLUENCING THE DATA WITHIN
EACH GROUP. FOR INSTANCE, A TREATMENT MIGHT APPEAR TO BE MORE EFFECTIVE IN BOTH MEN AND \WOMEN SEPARATELY, BUT
LESS EFFECTIVE WHEN THE DATA FOR MEN AND WOMEN ARE POOLED TOGETHER.

ADDITIONAL RESOURCES

HERE ARE @ BOOK TITLES RELATED TO COMMON STATISTICAL PITFALLS, PRESENTED AS REQUESTED:

THe ILLusioN oF CERTAINTY: AVOIDING COMMON PITFALLS IN STATISTICAL INFERENCE

THIS BOOK DELVES INTO THE FREQUENT MISINTERPRETATIONS AND OVERCONFIDENCE THAT ARISE FROM STATISTICAL ANALYSIS.
[T HIGHLIGHTS HOW P-HACKING, HARKING, AND THE MISUNDERSTANDING OF CONFIDENCE INTERVALS CAN LEAD TO SPURIOUS
CONCLUSIONS. READERS WILL LEARN PRACTICAL STRATEGIES TO ENSURE THEIR STATISTICAL CLAIMS ARE ROBUST AND REFLECT
GENUINE UNCERTAINTY, RATHER THAN PERCEIVED ABSOLUTES.

2.

CorreLATION IS NoT CAUSATION: NAVIGATING THE NUANCES oF DATA
RELATIONSHIPS

A FUNDAMENTAL CONCEPT IN STATISTICS, THIS BOOK METICULOUSLY EXPLAINS WHY OBSERVING A RELATIONSHIP BET\WEEN
TWO VARIABLES DOESN'T AUTOMATICALLY IMPLY ONE CAUSES THE OTHER. |T EXPLORES CONFOUNDING VARIABLES, SELECTION
BIAS, AND REVERSE CAUSALITY, PROVIDING REAL-WORLD EXAMPLES THAT ILLUSTRATE THESE TRAPS. THE AIM IS TO EQUIP
READERS WITH THE CRITICAL THINKING SKILLS TO AVOID DRAWING INCORRECT CAUSAL INFERENCES FROM OBSERVATIONAL DATA.

3.

THe GAMBLER'S FALLACY AND OTHER COGNITIVE BIASES IN DATA ANALYSIS

THIS TITLE EXAMINES HOW OUR INNATE PSYCHOLOGICAL TENDENCIES CAN SIGNIFICANTLY DISTORT OUR INTERPRETATION OF
STATISTICAL RESULTS. |T DISSECTS COGNITIVE BIASES SUCH AS CONFIRMATION BIAS, AVAILABILITY HEURISTIC, AND THE
GAMBLER'S FALLACY, SHOWING HOW THEY LEAD TO FAULTY DECISION-MAKING. THE BOOK OFFERS TECHNIQUES FOR RECOGNIZING
AND MITIGATING THESE MENTAL SHORTCUTS TO IMPROVE STATISTICAL REASONING AND PRACTICE.

4.

DATA DReDGING: UNCOVERING MEANINGFUL PATTERNS OR CHASING NOISE?

THIS BOOK ADDRESSES THE DANGERS OF ‘FISHING' FOR STATISTICALLY SIGNIFICANT RESULTS IN LARGE DATASETS WITHOUT A
PRIOR HYPOTHESIS. |T EXPLORES HOW THIS PRACTICE CAN LEAD TO AN OVERWHELMING NUMBER OF FALSE POSITIVES,
PRESENTING RANDOM CHANCE AS A GENUINE EFFECT. READERS WILL DISCOVER METHODS FOR PREREGISTRATION, MULTIPLE TESTING
CORRECTION, AND THE IMPORTANCE OF A PRIORI HYPOTHESES TO PREVENT DATA DREDGING.



THe Power oF SMALL SAMPLES: WHEN N IS NoT ENOUGH

THIS TITLE FOCUSES ON THE CHALLENGES AND LIMITATIONS OF DRAWING CONCLUSIONS FROM SMALL SAMPLE SIZES. |T EXPLAINS
HOW SMALL SAMPLES CAN LEAD TO UNRELIABLE ESTIMATES, INFLATED EFFECT SIZES, AND INCREASED SUSCEPTIBILITY TO
RANDOM FLUCTUATIONS. THE BOOK PROVIDES GUIDANCE ON WHEN SMALL SAMPLES ARE APPROPRIATE, THE IMPORTANCE OF
STATISTICAL POWER, AND ALTERNATIVE METHODS FOR ANALYSIS WITH LIMITED DATA.

6.

THE MISLEADING MEAN: UNDERSTANDING SKEWED DISTRIBUTIONS AND QUTLIERS

THIS BOOK HIGHLIGHTS HOW CENTRAL TENDENCY MEASURES LIKE THE MEAN CAN BE HEAVILY INFLUENCED BY SKEWED DATA
DISTRIBUTIONS AND OUTLIERS. |T EXPLORES HOW EXTREME VALUES CAN DISTORT AVERAGES, LEADING TO MISLEADING
REPRESENTATIONS OF TYPICAL DATA POINTS. THE TEXT OFFERS TECHNIQUES FOR IDENTIFYING SKEWED DATA, UNDERSTANDING
THE IMPACT OF OUTLIERS, AND EMPLOYING MORE ROBUST MEASURES OF CENTRAL TENDENCY AND DISPERSION.

7.

OBSERVATIONAL STUDIES VS. RANDOMIZED CONTROLLED TRIALS: CHOOSING THE
RiGHT TooL

THIS TITLE PROVIDES A CLEAR DISTINCTION BETWEEN THE STRENGTHS AND WEAKNESSES OF DIFFERENT RESEARCH DESIGNS. |T
EXPLAINS WHY RANDOMIZED CONTROLLED TRIALS (RCTS) ARE THE GOLD STANDARD FOR ESTABLISHING CAUSALITY, WHILE
OBSERVATIONAL STUDIES, THOUGH VALUABLE, ARE PRONE TO CONFOUNDING. THE BOOK GUIDES READERS IN UNDERSTANDING THE
APPROPRIATE CONTEXTS FOR EACH DESIGN AND THE INHERENT LIMITATIONS OF DRAWING CAUSAL INFERENCES FROM
OBSERVATIONAL DATA.

8.

THe BLACK SwAN EFFECT: PREPARING FOR THE UNEXPECTED IN DATA ANALYSIS

INsPIRED BY NASSIM NicHOLAS TALEB'S WORK, THIS BOOK DELVES INTO THE IMPACT OF RARE, UNPREDICTABLE EVENTS ON
STATISTICAL MODELS AND PREDICTIONS. |T DISCUSSES HOW MODELS OFTEN FAIL TO ACCOUNT FOR EXTREME OUTLIERS OR
“BLACK SWAN" EVENTS, LEADING TO SIGNIFICANT MISCALCULATIONS. THE BOOK EXPLORES METHODS FOR BUILDING MORE
ROBUST MODELS THAT ACKNOWLEDGE INHERENT UNCERTAINTY AND THE POTENTIAL FOR UNFORESEEN CIRCUMSTANCES.

9.

SiMPsON’s PArRADOX: THE DecerTIVE NATURE OF AGGREGATED DATA

THIS TITLE EXPLORES THE COUNTERINTUITIVE PHENOMENON WHERE A TREND APPEARS IN DIFFERENT GROUPS OF DATA BUT
DISAPPEARS OR REVERSES WHEN THESE GROUPS ARE COMBINED. |T METICULOUSLY BREAKS DOWN HOW CONFOUNDING VARIABLES
AND SUBGROUP ANALYSIS CAN LEAD TO SIMPSON’S PARADOX. THE BOOK OFFERS CASE STUDIES AND ANALYTICAL TECHNIQUES
TO HELP READERS IDENTIFY AND UNDERSTAND WHEN AGGREGATED DATA MIGHT BE MASKING UNDERLYING PATTERNS.
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