COMMON STATISTICAL ERRORS PSYCHOLOGY

THE FIELD OF PSYCHOLOGY, WHILE STRIVING FOR EMPIRICAL RIGOR, IS NOT IMMUNE TO THE PITFALLS OF STATISTICAL ANALYSIS.
UNDERSTANDING AND AVOIDING COMMON STATISTICAL ERRORS IN PSYCHOLOGY IS PARAMOUNT FOR RESEARCHERS TO ENSURE
THE VALIDITY, RELIABILITY, AND INTERPRETABILITY OF THEIR FINDINGS. FROM MISINTERPRETING P-VALUES TO FLAWED
EXPERIMENTAL DESIGNS THAT LEAD TO BIASED DATA, THESE ERRORS CAN SIGNIFICANTLY UNDERMINE THE CONCLUSIONS DRAWN
FROM PSYCHOLOGICAL STUDIES. THIS COMPREHENSIVE ARTICLE DELVES INTO THE MOST PREVALENT STATISTICAL ERRORS
ENCOUNTERED IN PSYCHOLOGICAL RESEARCH, OFFERING INSIGHTS INTO THEIR NATURE, IMPACT, AND STRATEGIES FOR MITIGATION.
W/E WILL EXPLORE ISSUES SUCH AS THE MISUSE OF P~HACKING, THE PROBLEM OF MULTIPLE COMPARISONS, ISSUES WITH SAMPLE
SIZE AND REPRESENTATIVENESS, MISUNDERSTANDINGS OF EFFECT SIZES, AND THE DANGERS OF VIOLATING STATISTICAL
ASSUMPTIONS. BY SHEDDING LIGHT ON THESE COMMON STATISTICAL ERRORS IN PSYCHOLOGY, THIS GUIDE AIMS TO EQUIP BOTH
BUDDING AND SEASONED RESEARCHERS WITH THE KNOWLEDGE TO CONDUCT MORE ROBUST AND TRUSTWORTHY STUDIES.
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THe PerVASIVE PRoOBLEM OF P-HACKING AND DATA DREDGING

ONE OF THE MOST WIDELY DISCUSSED AND DETRIMENTAL STATISTICAL ERRORS IN PSYCHOLOGY IS P~HACKING, ALSO KNOWN AS
DATA DREDGING OR SIGNIFICANCE CHASING. THIS PRACTICE INVOLVES SELECTIVELY ANALYZING DATA UNTIL A STATISTICALLY
SIGNIFICANT RESULT (TYPICALLY p< 005) IS FOUND. RESEARCHERS MIGHT REPEATEDLY ANALYZE THEIR DATA, TRYING
DIFFERENT STATISTICAL TESTS, EXCLUDING OR INCLUDING SPECIFIC PARTICIPANTS, OR TRANSFORMING VARIABLES, ALL WITHOUT
PRE-REGISTERING THEIR ANALYSIS PLAN. THE CORE ISSUE HERE IS THAT BY ENGAGING IN SUCH EXPLORATORY ANALYSES AFTER
SEEING THE DATA, THE P~VALUE NO LONGER ACCURATELY REFLECTS THE PROBABILITY OF OBSERVING THE DATA GIVEN THE NULL
HYPOTHESIS. |NSTEAD, IT REFLECTS THE PROBABILITY OF FINDING SOME SIGNIFICANT RESULT WITHIN THE MYRIAD OF ANALYSES
PERFORMED.

THE CONSEQUENCES OF P-HACKING ARE SEVERE. |T INFLATES THE RATE OF T YPE | ERRORS (FALSE POSITIVES), LEADING TO THE
PUBLICATION OF FINDINGS THAT ARE LIKELY DUE TO CHANCE RATHER THAN A TRUE EFFECT. THIS CONTRIBUTES TO THE
“REPLICATION CRISIS” IN PSYCHOLOGY, WHERE MANY PUBLISHED FINDINGS FAIL TO BE REPLICATED BY INDEPENDENT RESEARCHERS.
THE TEMPTATION TO P-HACK CAN BE PARTICULARLY STRONG IN FIELDS WHERE NOVEL AND SIGNIFICANT RESULTS ARE HIGHLY



VALUED, CREATING A PERVERSE INCENTIVE FOR RESEARCHERS TO MANIPULATE THEIR DATA, EVEN UNINTENTIONALLY.

STRATEGIES TO CoMBAT P-HACKING

® PRE-REGISTRATION: A CRUCIAL ANTIDOTE IS PRE-REGISTERING THE RESEARCH PLAN AND ANALYSIS STRATEGY BEFORE
DATA COLLECTION BEGINS. THIS INCLUDES SPECIFYING THE PRIMARY HYPOTHESES, THE PLANNED STATISTICAL TESTS,
AND HOW POTENTIAL ISSUES LIKE OUTLIERS WILL BE HANDLED.

 REGISTERED REPORTS: JOURNALS ADOPTING A “REGISTERED REPORT” FORMAT REVIEW THE RESEARCH PROPOSAL,
INCLUDING THE METHODOLOGY AND PLANNED ANALYSIS, BEFORE DATA COLLECTION. [F ACCEPTED, THE PAPER IS
PUBLISHED REGARDLESS OF THE OUTCOME, REDUCING THE INCENTIVE TO P-HACK.

e Focus ON PRe-SPECIFIED ANALYSES: RESEARCHERS SHOULD ADHERE TO THEIR PRE-REGISTERED ANALYSIS PLAN AND
CLEARLY DISTINGUISH BETWEEN CONFIRMATORY (PRE‘SPECIFIED) AND EXPLORATORY (POST‘HOC) ANALYSES IN THEIR
PUBLICATIONS.

o BAYESIAN STATISTICS: WHILE NOT A DIRECT SOLUTION TO P-HACKING, BAYESIAN APPROACHES CAN OFFER A DIFFERENT
PERSPECTIVE BY FOCUSING ON THE PROBABILITY OF HYPOTHESES RATHER THAN JUST P-VALUES, POTENTIALLY REDUCING
THE RELIANCE ON SIGNIFICANCE THRESHOLDS.

NAVIGATING THE MINEFIELD OF MULTIPLE COMPARISONS

ANOTHER INSIDIOUS STATISTICAL ERROR IN PSYCHOLOGY ARISES FROM THE PROBLEM OF MULTIPLE COMPARISONS. \W/HEN
RESEARCHERS CONDUCT NUMEROUS STATISTICAL TESTS ON THE SAME DATASET, THE PROBABILITY OF OBTAINING AT LEAST ONE
STATISTICALLY SIGNIFICANT RESULT BY CHANCE INCREASES DRAMATICALLY. FOR EXAMPLE, IF A RESEARCHER PERFORMS 20
INDEPENDENT TESTS, EACH WITH A 0.05 ALPHA LEVEL (THE PROBABILITY OF A TYPE | ERROR), THE OVERALL PROBABILITY OF
MAKING AT LEAST ONE T YPE | ERROR IS MUCH HIGHER THAN 0.05.

THIS ISSUE IS PARTICULARLY PREVALENT IN STUDIES EXPLORING MULTIPLE VARIABLES OR INVESTIGATING VARIOUS SUBGROUPS
WITHIN A SAMPLE. W/ITHOUT PROPER ADJUSTMENTS, RESEARCHERS MAY MISTAKENLY CONCLUDE THAT AN EFFECT IS REAL WHEN
IT IS SIMPLY A PRODUCT OF RANDOM VARIATION. THIS CAN LEAD TO THE PUBLICATION OF SPURIOUS CORRELATIONS AND
UNFOUNDED HYPOTHESES, FURTHER CONTRIBUTING TO THE REPRODUCIBILITY PROBLEM.

MeTHODS FOR CONTROLLING FAMILY-WISE ERROR RATE

To MITIGATE THE PROBLEM OF MULTIPLE COMPARISONS, VARIOUS STATISTICAL METHODS HAVE BEEN DEVELOPED TO CONTROL
THE FAMILY-WISE ERROR RATE (FWER), WHICH IS THE PROBABILITY OF MAKING AT LEAST ONE T YPE | ERROR AMONG A FAMILY
OF TESTS. SOME COMMON APPROACHES INCLUDE:

o BONFERRONI CORRECTION: THIS IS A SIMPLE BUT OFTEN CONSERVATIVE METHOD. |T INVOLVES DIVIDING THE DESIRED
ALPHA LEVEL (£.G., 0.05) BY THE NUMBER OF TESTS PERFORMED. FOR INSTANCE, IF 10 TESTS ARE CONDUCTED, THE
ADJUSTED ALPHA LEVEL FOR EACH TEST BECOMES 0.006.

¢ HoLM-BONFERRONI METHOD: THIS IS A STEP-DOWN PROCEDURE THAT IS GENERALLY LESS CONSERVATIVE THAN THE
ORIGINAL BONFERRONI CORRECTION. |T INVOLVES ORDERING THE P~V ALUES FROM SMALLEST TO LARGEST AND
SEQUENTIALLY ADJUSTING THE ALPHA LEVEL.

o FaLse Discovery RATE (FDR) CoNTROL: METHODS LIKE THE BENJAMINI-HOCHBERG PROCEDURE CONTROL THE EXPECTED
PROPORTION OF REJECTED NULL HYPOTHESES THAT ARE ACTUALLY FALSE POSITIVES, WHICH CAN BE MORE POWERFUL
THAN F\W/ER CONTROL METHODS WHEN MANY TESTS ARE PERFORMED.



o MANOVA (MULTIVARIATE ANALYSIS OF VARIANCE): \W/HEN EXAMINING THE EFFECTS OF ONE OR MORE INDEPENDENT
VARIABLES ON MULTIPLE DEPENDENT VARIABLES SIMULTANEOUSLY, MANOV A CAN BE USED TO CONTROL FOR THE
OVERALL TYPE | ERROR RATE.

SAMPLE SizE AND REPRESENTATIVENESS: THE FOUNDATION OF SOUND
RESEARCH

THE VALIDITY OF ANY PSYCHOLOGICAL STUDY HINGES ON THE ADEQUACY OF ITS SAMPLE SIZE AND ITS REPRESENTATIVENESS OF
THE POPULATION TO WHICH THE FINDINGS ARE INTENDED TO GENERALIZE. INSUFFICIENT SAMPLE SIZES ARE A PERVASIVE ISSUE
THAT CAN LEAD TO A LACK OF STATISTICAL POWER, MAKING IT DIFFICULT TO DETECT TRUE EFFECTS (TYPE [l ERRORS OR FALSE
NEGATIVES). A STUDY WITH A SMALL SAMPLE SIZE MIGHT FIND NO SIGNIFICANT RESULTS, NOT BECAUSE AN EFFECT DOESN'T
EXIST, BUT BECAUSE THE STUDY LACKED THE POWER TO DETECT IT.

EQUALLY PROBLEMATIC IS A LACK OF REPRESENTATIVENESS. |F THE SAMPLE USED IN A STUDY DOES NOT ACCURATELY REFLECT
THE CHARACTERISTICS OF THE BROADER POPULATION OF INTEREST, THE FINDINGS MAY NOT BE GENERALIZABLE. THIS IS
PARTICULARLY RELEVANT IN PSYCHOLOGY, WHERE HISTORICAL RELIANCE ON W EIRD (\WESTERN, EDUCATED, INDUSTRIALIZED,
RicH, AND DEMOCRATIC) POPULATIONS HAS LIMITED OUR UNDERSTANDING OF HUMAN BEHAVIOR ACROSS DIVERSE CULTURES AND
DEMOGRAPHICS.

ADDRESSING SAMPLE SIZE AND REPRESENTATIVENESS CHALLENGES

® POWER ANALYSIS: BEFORE CONDUCTING A STUDY, RESEARCHERS SHOULD PERFORM A POWER ANALYSIS TO DETERMINE
THE MINIMUM SAMPLE SIZE REQUIRED TO DETECT AN EFFECT OF A CERTAIN MAGNITUDE WITH A DESIRED LEVEL OF
STATISTICAL POWER (TYPICALLY 809% OR HIGHER).

® STRATIFIED SAMPLING: T O ENSURE REPRESENTATIVENESS, RESEARCHERS CAN EMPLOY STRATIFIED SAMPLING TECHNIQUES,
WHERE THE POPULATION IS DIVIDED INTO SUBGROUPS (STRATA) BASED ON RELEVANT CHARACTERISTICS (E.G., AGE,
GENDER, ETHNICITY)I AND THEN PARTICIPANTS ARE RANDOMLY SAMPLED FROM EACH STRATUM IN PROPORTION TO THEIR
REPRESENTATION IN THE POPULATION.

o CONVENIENCE SAMPLING CONSIDERATIONS: \WHILE CONVENIENCE SAMPLING IS OF TEN USED DUE TO PRACTICAL
CONSTRAINTS, RESEARCHERS MUST BE ACUTELY AWARE OF ITS LIMITATIONS AND AVOID OVERGENERALIZING FINDINGS
FROM SUCH SAMPLES. EFFORTS SHOULD BE MADE TO DESCRIBE THE SAMPLE CHARACTERISTICS IN DETAIL.

o RepLICATION ACROSS DIVERSE SAMPLES: THE ULTIMATE TEST OF GENERALIZABILITY IS REPLICATION OF FINDINGS
ACROSS DIVERSE POPULATIONS. THIS HELPS TO IDENTIFY WHETHER AN EFFECT IS A UNIVERSAL PHENOMENON OR SPECIFIC
TO A PARTICULAR DEMOGRAPHIC.

UNDERSTANDING AND MISINTERPRETING EFFECT SIzES

W/HILE STATISTICAL SIGNIFICANCE (P‘VALUES) TELLS US WHETHER AN OBSERVED EFFECT IS LIKELY DUE TO CHANCE, IT DOES
NOT INDICATE THE MAGNITUDE OR PRACTICAL IMPORTANCE OF THAT EFFECT. THIS IS WHERE EFFECT SIZES COME INTO PLAY.
EFFECT SIZE MEASURES QUANTIFY THE STRENGTH OF THE RELATIONSHIP BETWEEN VARIABLES OR THE MAGNITUDE OF A DIFFERENCE
BETWEEN GROUPS. COMMON EFFECT SIZE MEASURES INCLUDE COHEN'S D FOR DIFFERENCES BETWEEN MEANS AND PEARSON’S R FOR
CORRELATION COEFFICIENTS.

A COMMON STATISTICAL ERROR IS THE OVEREMPHASIS ON P-VALUES WHILE NEGLECTING EFFECT SIZES. A STATISTICALLY



SIGNIFICANT RESULT WITH A TINY EFFECT SIZE MIGHT HAVE LITTLE PRACTICAL IMPLICATION, YET IT CAN BE OVERHYPED IN
RESEARCH REPORTS. CONVERSELY, A STUDY MIGHT FAIL TO REACH STATISTICAL SIGNIFICANCE (DUE TO SMALL SAMPLE SIZE OR
LOW PO\X/ER) BUT STILL SHOW A PRACTICALLY MEANINGFUL EFFECT SIZE. MISINTERPRETING THESE NUANCES CAN LEAD TO A
SKEWED UNDERSTANDING OF PSYCHOLOGICAL PHENOMENA.

INTERPRETING AND REPORTING EFFECT SIzES EFFECTIVELY

® REPORTING EFFECT SizES ALONGSIDE P-VALUES: RESEARCHERS SHOULD ALWAYS REPORT EFFECT SIZES FOR THEIR
PRIMARY FINDINGS, ALONG WITH CONFIDENCE INTERVALS FOR THESE EFFECT SIZES. THIS PROVIDES A MORE COMPLETE
PICTURE OF THE RESULTS.

o CONTEXTUALIZING EFFECT SIZES: THE INTERPRETATION OF AN EFFECT SIZE IS OFTEN CONTEXT-DEPENDENT. W/HAT IS
CONSIDERED A “LARGE” EFFECT IN ONE AREA OF PSYCHOLOGY MIGHT BE CONSIDERED “SMALL” IN ANOTHER. RESEARCHERS
SHOULD CONSULT ESTABLISHED GUIDELINES AND PREVIOUS LITERATURE WITHIN THEIR SPECIFIC DOMAIN TO INTERPRET
THEIR EFFECT SIZES.

¢ MovING BEYOND DiIcHOTOMOUS THINKING: RELIANCE SOLELY ON P < 0.05 CREATES A DICHOTOMOUS “SIGNIFICANT”
VS. "NON-SIGNIFICANT " APPROACH. EMPHASIZING EFFECT SIZES ENCOURAGES A MORE NUANCED UNDERSTANDING OF THE
DATA, WHERE THE MAGNITUDE OF AN EFFECT IS CONSIDERED ALONGSIDE ITS STATISTICAL CERTAINTY.

o Power CALCULATIONS BASED ON EFFECT SizE: AS MENTIONED EARLIER, POWER ANALYSES SHOULD BE INFORMED BY A
PRIORI DECISIONS ABOUT THE MINIMUM EFFECT SIZE THAT WOULD BE CONSIDERED PRACTICALLY MEANINGFUL, RATHER
THAN JUST AIMING FOR STATISTICAL SIGNIFICANCE.

VIOLATING STATISTICAL ASSUMPTIONS: A SILENT UNDERMINER OF RESULTS

MOST STATISTICAL TESTS IN PSYCHOLOGY RELY ON A SET OF UNDERLYING ASSUMPTIONS ABOUT THE DATA. W/HEN THESE
ASSUMPTIONS ARE VIOLATED, THE RESULTS OF THE STATISTICAL TEST MAY BE INACCURATE, LEADING TO INCORRECT
CONCLUSIONS. FOR EXAMPLE, MANY PARAMETRIC TESTS, SUCH AS T-TESTS AND ANOV A, ASSUME THAT THE DATA ARE
NORMALLY DISTRIBUTED AND THAT THE VARIANCES OF THE GROUPS BEING COMPARED ARE ROUGHLY EQUAL (HOMOGENEITY OF
V ARIANCE).

VIOLATING THESE ASSUMPTIONS CAN LEAD TO INFLATED TYPE | OR TYPE || ERROR RATES. FOR INSTANCE, IF THE ASSUMPTION
OF NORMALITY IS SEVERELY VIOLATED, THE P-VALUES PRODUCED BY A PARAMETRIC TEST MAY NOT BE RELIABLE. SIMILARLY,
UNEQUAL VARIANCES CAN DISTORT THE RESULTS oF ANOV A. RESEARCHERS MUST BE DILIGENT IN CHECKING THESE
ASSUMPTIONS BEFORE INTERPRETING THEIR STATISTICAL FINDINGS.

CoMMOoN AssSUMPTIONS AND How To CHeck THEM

IT'S CRUCIAL FOR RESEARCHERS TO ASSESS WHETHER THEIR DATA MEET THE ASSUMPTIONS OF THE STATISTICAL TESTS THEY
PLAN TO USE. HERE ARE SOME COMMON ASSUMPTIONS AND METHODS FOR CHECKING THEM:

* NORMALITY: ASSUMES THAT THE DATA OR RESIDUALS ARE NORMALLY DISTRIBUTED.

o METHODS: VISUAL INSPECTION OF HISTOGRAMS, (Q-Q PLOTS, AND PROBABILITY PLOTS. STATISTICAL TESTS
LIKE THE SHAPIRO-W/ILk TEST OR KOLMOGOROV-SMIRNOV TEST CAN ALSO BE USED, THOUGH THEY ARE
SENSITIVE TO SAMPLE SIZE.



¢ HOMOGENEITY OF V ARIANCE (HOMOSCEDASTICITY): ASSUMES THAT THE VARIANCES OF THE GROUPS OR ERROR TERMS
ARE EQUAL ACROSS DIFFERENT LEVELS OF THE INDEPENDENT VARIABLES.

o METHODS: LEVENE'S TEST OR BARTLETT’S TEST ARE COMMONLY USED TO ASSESS HOMOGENEITY OF VARIANCE.

* |NDEPENDENCE OF OBSERVATIONS: ASSUMES THAT THE OBSERVATIONS ARE INDEPENDENT OF EACH OTHER. THIS IS OFTEN
VIOLATED IN STUDIES WITH REPEATED MEASURES OR CLUSTERED DATA.

o METHODS: THIS IS MORE OF A DESIGN CONSIDERATION THAN A STATISTICAL CHECK. RESEARCHERS NEED TO
CONSIDER THEIR STUDY DESIGN CAREFULLY.

IF ASSUMPTIONS ARE VIOLATED, RESEARCHERS HAVE SEVERAL OPTIONS: TRANSFORMING THE DATA, USING NON-PARAMETRIC
STATISTICAL TESTS (\X/HICH HAVE FEWER OR DIFFERENT ASSUMPTIONS), OR EMPLOYING ROBUST STATISTICAL METHODS THAT
ARE LESS SENSITIVE TO ASSUMPTION VIOLATIONS. FAILURE TO ADDRESS THESE VIOLATIONS CAN RENDER A STUDY'S
CONCLUSIONS UNRELIABLE.

CorreLATION VS. CAUSATION: A CLASSIC MISINTERPRETATION

ONE OF THE MOST FUNDAMENTAL AND FREQUENTLY MISUNDERSTOOD STATISTICAL CONCEPTS IS THE DISTINCTION BETWEEN
CORRELATION AND CAUSATION. CORRELATION INDICATES THAT TWO VARIABLES TEND TO VARY TOGETHER, MEANING THAT AS
ONE VARIABLE CHANGES, THE OTHER TENDS TO CHANGE IN A PREDICTABLE WAY. HO\X/EVER, A CORRELATION BETWEEN TWO
VARIABLES DOES NOT, IN ITSELF, PROVE THAT ONE VARIABLE CAUSES THE OTHER.

THE COMMON ERROR HERE IS TO INFER A CAUSAL RELATIONSHIP FROM A CORRELATIONAL FINDING. THIS IS OFTEN SUMMARIZED BY
THE ADAGE, " CORRELATION DOES NOT EQUAL CAUSATION.” THERE ARE SEVERAL REASONS WHY CORRELATION DOES NOT IMPLY
CAUSATION! A THIRD, UNMEASURED VARIABLE (CONFOUNDING VARIABLE) MIGHT BE INFLUENCING BOTH VARIABLES, THE DIRECTION
OF CAUSALITY MIGHT BE REVERSED; OR THE RELATIONSHIP MIGHT BE PURELY COINCIDENTAL.

STRATEGIES FOR INFERRING CAUSALITY

W/HILE CORRELATIONAL STUDIES CAN IDENTIFY ASSOCIATIONS, ESTABLISHING CAUSALITY REQUIRES MORE RIGOROUS RESEARCH
DESIGNS:

® EXPERIMENTAL DESIGNS: RANDOMLY ASSIGNING PARTICIPANTS TO DIFFERENT CONDITIONS (E.G., AN EXPERIMENTAL GROUP
AND A CONTROL GROUP) IS THE GOLD STANDARD FOR ESTABLISHING CAUSALITY. |F THE INDEPENDENT VARIABLE IS
MANIPULATED AND THE DEPENDENT VARIABLE DIFFERS SIGNIFICANTLY BETWEEN GROUPS, A CAUSAL LINK CAN BE INFERRED.

o LONGITUDINAL STUDIES: FOLLOWING PARTICIPANTS OVER TIME CAN HELP TO ESTABLISH TEMPORAL PRECEDENCE, A
NECESSARY CONDITION FOR CAUSATION. IF A POTENTIAL CAUSE PRECEDES AN EFFECT, IT STRENGTHENS THE ARGUMENT
FOR A CAUSAL RELATIONSHIP.

hd QUASI'EXPERIMENTAL DESIGNS: W/HEN TRUE RANDOMIZATION IS NOT POSSIBLE, QUASI-EXPERIMENTAL DESIGNS CAN BE
USED. THESE DESIGNS STILL INVOLVE MANIPULATION OF AN INDEPENDENT VARIABLE BUT LACK RANDOM ASSIGNMENT,
MAKING CAUSAL INFERENCES WEAKER BUT STILL POSSIBLE WITH CAREFUL CONSIDERATION OF CONFOUNDS.

* MEDIATION AND MODERATION ANALYSIS: SOPHISTICATED STATISTICAL TECHNIQUES LIKE MEDIATION AND MODERATION
ANALYSIS CAN HELP TO UNPACK THE MECHANISMS AND CONDITIONS UNDER WHICH A RELATIONSHIP BETWEEN VARIABLES
OCCURS, PROVIDING STRONGER EVIDENCE FOR CAUSAL PATHWAYS THAN SIMPLE CORRELATION.



CONFIRMATION BIAS IN STATISTICAL INTERPRETATION

CONFIRMATION BIAS IS A COGNITIVE BIAS THAT INFLUENCES HOW INDIVIDUALS SEARCH FOR, INTERPRET, FAVOR, AND RECALL
INFORMATION IN A WAY THAT CONFIRMS OR SUPPORTS THEIR PRE-EXISTING BELIEFS OR HYPOTHESES. IN THE CONTEXT OF
STATISTICAL INTERPRETATION IN PSYCHOLOGY, CONFIRMATION BIAS CAN LEAD RESEARCHERS TO SELECTIVELY FOCUS ON
RESULTS THAT SUPPORT THEIR DESIRED OUTCOMES WHILE DOWNPLAYING OR IGNORING EVIDENCE THAT CONTRADICTS THEM.

THIS CAN MANIFEST IN SEVERAL WAYS: CHERRY-PICKING DATA POINTS THAT FIT A NARRATIVE, INTERPRETING AMBIGUOUS
RESULTS IN A FAVORABLE LIGHT, OR OVERSTATING THE IMPORTANCE OF STATISTICALLY SIGNIFICANT FINDINGS THAT ALIGN
WITH THEIR THEORY. THIS BIAS CAN OCCUR BOTH CONSCIOUSLY AND UNCONSCIOUSLY, UNDERMINING THE OBJECTIVITY THAT IS
CRUCIAL FOR SCIENTIFIC INQUIRY.

MITIGATING CONFIRMATION BIAS IN RESEARCH

e BLINDED REVIEWS: HAVING PEER REVIEWERS WHO ARE UNAWARE OF THE AUTHORS' HYPOTHESES OR THE ORIGIN OF THE
DATA CAN HELP TO REDUCE BIAS IN THE EVALUATION OF RESEARCH.

* ADVERSARIAL COLLABORATION: RESEARCHERS WITH OPPOSING VIEWPOINTS CAN COLLABORATE TO DESIGN STUDIES
AND ANALYZE DATA, FORCING EACH SIDE TO CONFRONT EVIDENCE THAT CHALLENGES THEIR OWN THEORIES.

® SYSTEMATIC REVIEWS AND META-ANALYSES: THESE APPROACHES SYNTHESIZE FINDINGS FROM MULTIPLE STUDIES,
PROVIDING A BROADER AND MORE OBJECTIVE OVERVIEW OF A RESEARCH TOPIC, WHICH CAN HELP TO COUNTERACT THE
INFLUENCE OF INDIVIDUAL BIASED STUDIES.

* PRE-REGISTRATION AND TRANSPARENCY: AS MENTIONED EARLIER, PRE-REGISTERING ANALYSIS PLANS AND MAKING ALL
DATA AND ANALYSIS SCRIPTS PUBLICLY AVAILABLE (DATA TRANSPARENCY) ALLOWS FOR SCRUTINY BY OTHER
RESEARCHERS AND CAN HELP TO IDENTIFY INSTANCES OF CONFIRMATION BIAS.

THEe IssUE oF OUTLIERS AND THEIR IMPACT

OUTLIERS ARE DATA POINTS THAT SIGNIFICANTLY DEVIATE FROM THE OTHER OBSERVATIONS IN A DATASET. IN PSYCHOLOGICAL
RESEARCH, OUTLIERS CAN ARISE FROM VARIOUS SOURCES, SUCH AS DATA ENTRY ERRORS, MEASUREMENT ERRORS, OR GENUINELY
UNUSUAL RESPONSES FROM PARTICIPANTS. THE PRESENCE OF OUTLIERS CAN HAVE A SUBSTANTIAL IMPACT ON STATISTICAL
ANALYSES, PARTICULARLY THOSE THAT ARE SENSITIVE TO EXTREME VALUES.

For INSTANCE, OUTLIERS CAN HEAVILY INFLUENCE MEASURES OF CENTRAL TENDENCY LIKE THE MEAN, AND THEY CAN DISTORT
MEASURES OF VARIABILITY, SUCH AS STANDARD DEVIATION. IN REGRESSION ANALYSIS, OUTLIERS CAN DISPROPORTIONATELY
AFFECT THE REGRESSION LINE, LEADING TO BIASED ESTIMATES OF COEFFICIENTS AND POTENTIALLY INCORRECT CONCLUSIONS
ABOUT THE RELATIONSHIPS BETWEEN VARIABLES. THE COMMON STATISTICAL ERROR IS TO EITHER IGNORE OUTLIERS OR TO
REMOVE THEM ARBITRARILY WITHOUT PROPER JUSTIFICATION.

HANDLING OUTLIERS APPROPRIATELY

THE DECISION OF HOW TO HANDLE OUTLIERS REQUIRES CAREFUL CONSIDERATION AND JUSTIFICATION:

® |DENTIFICATION: OUTLIERS CAN BE IDENTIFIED USING VARIOUS METHODS, INCLUDING VISUAL INSPECTION OF



SCATTERPLOTS, BOX PLOTS, AND STATISTICAL TESTS LIKE THE Gruess’ TEST or DixoN’'s Q TEST.

* INVESTIGATION: ONCE IDENTIFIED, OUTLIERS SHOULD BE INVESTIGATED TO DETERMINE THEIR CAUSE. IF AN OUTLIER IS DUE
TO A CLEAR ERROR (E.G., DATA ENTRY MISTAKE), IT SHOULD BE CORRECTED OR REMOVED.

hd JUSTIFIED REMOVAL: IF AN OUTLIER REPRESENTS A GENUINE, ALBEIT UNUSUAL, OBSERVATION THAT IS NOT DUE TO
ERROR, ITS REMOVAL SHOULD BE CAREFULLY JUSTIFIED. RESEARCHERS SHOULD CONSIDER WHETHER THE OUTLIER
SIGNIFICANTLY DISTORTS THE RESULTS AND IF ITS REMOVAL IS IN LINE WITH THE RESEARCH QUESTION.

¢ RoBUST STATISTICAL METHODS: W/HEN OUTLIERS ARE PRESENT AND CANNOT BE RELIABLY REMOVED, RESEARCHERS CAN
OPT FOR ROBUST STATISTICAL METHODS THAT ARE LESS AFFECTED BY EXTREME VALUES. EXAMPLES INCLUDE USING THE
MEDIAN INSTEAD OF THE MEAN, OR EMPLOYING ROBUST REGRESSION TECHNIQUES.

* REPORTING DECISIONS: REGARDLESS OF HOW OUTLIERS ARE HANDLED, THE PROCESS SHOULD BE TRANSPARENTLY
REPORTED IN THE RESEARCH PAPER, INCLUDING THE METHODS USED FOR IDENTIFICATION AND ANY DECISIONS MADE
REGARDING THEIR INCLUSION OR EXCLUSION.

Concrusion: TowARrDS MorEe RiIGorouUs PsYCHOLOGICAL RESEARCH

THE PURSUIT OF ACCURATE AND RELIABLE KNOWLEDGE IN PSYCHOLOGY NECESSITATES A DEEP UNDERSTANDING AND VIGILANT
AVOIDANCE OF COMMON STATISTICAL ERRORS. FROM THE SEDUCTIVE TRAP OF P-HACKING AND THE COMPLEXITIES OF MULTIPLE
COMPARISONS TO THE FUNDAMENTAL IMPORTANCE OF SAMPLE SIZE, REPRESENTATIVENESS, AND EFFECT SIZE INTERPRETATION,
EACH PITFALL CARRIES THE POTENTIAL TO DISTORT FINDINGS AND MISGUIDE FUTURE RESEARCH. VIOLATING STATISTICAL
ASSUMPTIONS, CONFLATING CORRELATION WITH CAUSATION, SUCCUMBING TO CONFIRMATION BIAS, AND MISHANDLING OUTLIERS
FURTHER COMPLICATE THE LANDSCAPE OF QUANTITATIVE ANALYSIS IN PSYCHOLOGY.

BY EMBRACING BEST PRACTICES SUCH AS PRE-REGISTRATION, TRANSPARENT REPORTING, ROBUST STATISTICAL METHODOLOGIES,
AND A CRITICAL APPROACH TO DATA INTERPRETATION, PSYCHOLOGISTS CAN SIGNIFICANTLY ENHANCE THE QUALITY AND
CREDIBILITY OF THEIR WORK. THIS COMMITMENT TO STATISTICAL RIGOR NOT ONLY STRENGTHENS INDIVIDUAL STUDIES BUT ALSO
CONTRIBUTES TO THE CUMULATIVE PROGRESS OF PSYCHOLOGICAL SCIENCE, ENSURING THAT OUR UNDERSTANDING OF THE HUMAN
MIND AND BEHAVIOR IS BUILT ON A SOLID FOUNDATION OF SOUND EMPIRICAL EVIDENCE.

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE P-HACKING ERROR IN PSYCHOLOGICAL RESEARCH AND WHY IS IT A
PROBLEM?

P-HACKING (OR DATA DREDGING) IS THE PRACTICE OF ANALYZING DATA IN MULTIPLE WAYS UNTIL A STATISTICALLY
SIGNIFICANT RESULT (P < 05) IS FOUND, EVEN IF THE INITIAL HYPOTHESIS WAS NOT SUPPORTED. THIS INFLATES T YPE | ERROR
RATES (FALSELY REJECTING A TRUE NULL HYPOTHESIS) AND LEADS TO THE PUBLICATION OF SPURIOUS FINDINGS, UNDERMINING
THE REPLICABILITY OF RESEARCH.

EXPLAIN THE ‘REPLICATION CRISIS’ IN PSYCHOLOGY AND HOW STATISTICAL ERRORS
CONTRIBUTE TO IT.

THE REPLICATION CRISIS REFERS TO THE DIFFICULTY MANY PSYCHOLOGICAL FINDINGS HAVE IN BEING REPRODUCED BY INDEPENDENT
RESEARCHERS. STATISTICAL ERRORS LIKE P~HACKING, PUBLICATION BIAS (FAVORING SIGNIFICANT RESULTS), AND LOW
STATISTICAL POWER (LEADING TO A HIGHER CHANCE OF TYPE || ERRORS — FAILING TO DETECT A REAL EFFECT) ALL CONTRIBUTE
BY CREATING AN OVERABUNDANCE OF FALSE POSITIVES AND AN UNDERREPRESENTATION OF UNDERPOWERED OR NEGATIVE
RESULTS.



\WHAT IS CONFIRMATION BIAS IN THE CONTEXT OF STATISTICAL INTERPRETATION IN
PSYCHOLOGY?

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 STATISTICAL INTERPRETATION, THIS CAN LEAD RESEARCHERS TO OVERLOOK
CONTRADICTORY EVIDENCE, OVEREMPHASIZE SUPPORTIVE FINDINGS, OR MISINTERPRET AMBIGUOUS RESULTS TO ALIGN WITH THEIR
EXPECTED OUTCOMES.

How DOES PUBLICATION BIAS CREATE A DISTORTED VIEW OF PSYCHOLOGICAL FINDINGS
FROM A STATISTICAL PERSPECTIVE?

PUBLICATION BIAS OCCURS WHEN STUDIES WITH STATISTICALLY SIGNIFICANT RESULTS ARE MORE LIKELY TO BE PUBLISHED THAN
THOSE WITH NON-SIGNIFICANT RESULTS. THIS LEADS TO A SKEWED LITERATURE WHERE POSITIVE FINDINGS ARE
OVERREPRESENTED, CREATING AN INFLATED SENSE OF EFFECT SIZES AND THE PREVALENCE OF CERTAIN PSYCHOLOGICAL
PHENOMENA, MAKING IT HARDER TO ASSESS THE TRUE STATE OF EVIDENCE.

WHAT IS THE PROBLEM WITH OVER-RELIANCE ON P-VALUES IN PSYCHOLOGICAL
RESEARCH AND WHAT ARE BETTER ALTERNATIVES?

OVER-RELIANCE ON P-VALUES CAN LEAD TO DICHOTOMOUS THINKING (SIGNIFICANT VS. NON‘SIGNIFICANT) AND A FOCUS ON
ARBITRARY THRESHOLDS. |T DOESN'T CONVEY THE MAGNITUDE OR PRACTICAL IMPORTANCE OF AN EFFECT. BETTER
ALTERNATIVES INCLUDE REPORTING EFFECT SIZES (E.G.I CoHeN's D, R‘SQUARED) WITH CONFIDENCE INTERVALS, USING BAYESIAN
STATISTICS, AND FOCUSING ON THE FULL DATA DISTRIBUTION AND STUDY DESIGN RATHER THAN A SINGLE P-VALUE.

WHAT IS THE ISSUE WITH 'HARKING' (HYPOTHESIZING AFTER THE RESULTS ARE
KNOWN) AND ITS STATISTICAL IMPLICATIONS?

HARKING IS THE PRACTICE OF FORMULATING A HYPOTHESIS AFTER ANALYZING THE DATA, AND THEN PRESENTING IT AS IF IT
WERE A PRIORI. THIS IS A FORM OF P-HACKING AND CONFIRMATION BIAS. STATISTICALLYI IT INVALIDATES THE P-VALUE
BECAUSE THE HYPOTHESIS WASN'T TRULY TESTED ‘BLINDLY.” THIS INFLATES THE CHANCES OF FINDING A STATISTICALLY
SIGNIFICANT RESULT THAT IS LIKELY A CHANCE FINDING, NOT A GENUINE EFFECT.

ADDITIONAL RESOURCES

HERE ARE @ BOOK TITLES RELATED TO COMMON STATISTICAL ERRORS IN PSYCHOLOGY, EACH WITH A SHORT DESCRIPTION:

THe P-HACKING PREDICAMENT; NAVIGATING THE MINEFIELD OF STATISTICAL
SIGNIFICANCE

THIS BOOK DELVES INTO THE PERVASIVE ISSUE OF P-HACKING AND SELECTIVE REPORTING IN PSYCHOLOGICAL RESEARCH. |T
EXPLORES HOW RESEARCHERS MIGHT UNINTENTIONALLY OR INTENTIONALLY MANIPULATE DATA ANALYSIS TO ACHIEVE
STATISTICALLY SIGNIFICANT RESULTS. THE TEXT OFFERS PRACTICAL STRATEGIES AND EXAMPLES FOR AVOIDING THESE PITFALLS
AND PROMOTING MORE TRANSPARENT AND RELIABLE FINDINGS.

2.

CoNFIRMATION BIAS IN RESeARCH DESIGN: SEEING WHAT You EXPECT To SEe

THIS TITLE FOCUSES ON HOW CONFIRMATION BIAS CAN SUBTLY INFILTRATE THE VERY DESIGN AND EXECUTION OF
PSYCHOLOGICAL STUDIES. |T EXAMINES HOW PRECONCEIVED NOTIONS CAN INFLUENCE HYPOTHESIS FORMULATION, PARTICIPANT
SELECTION, AND EVEN DATA INTERPRETATION. THE BOOK PROVIDES GUIDANCE ON IMPLEMENTING BLINDING, COUNTERBALANCING,



AND RIGOROUS CONTROL MEASURES TO MITIGATE THIS PERVASIVE COGNITIVE ERROR.

3.

OVERFITTING THE DATA: WHEN MoDELS BEcoME Too SPECIFIC TO THE SAMPLE

THIS BOOK TACKLES THE PROBLEM OF OVERFITTING, WHERE STATISTICAL MODELS ARE TOO CLOSELY TAILORED TO THE SPECIFIC
DATASET THEY WERE BUILT ON, LEADING TO POOR GENERALIZABILITY. |T EXPLAINS HOW COMPLEX MODELS OR EXCESSIVE
VARIABLE INCLUSION CAN CAPTURE NOISE RATHER THAN TRUE PATTERNS IN PSYCHOLOGICAL RESEARCH. READERS WILL LEARN
TECHNIQUES LIKE CROSS-VALIDATION AND REGULARIZATION TO BUILD MORE ROBUST AND PREDICTIVE MODELS.

4.

THe FALLACY ofF THE NULL HYPOTHESIS: MISINTERPRETING “No SIGNIFICANT EFFecT”

THIS WORK ADDRESSES THE COMMON MISUNDERSTANDING OF THE NULL HYPOTHESIS SIGNIFICANCE TESTING (NHST) FRAME\W ORK.
[T HIGHLIGHTS HOW FAILING TO REJECT THE NULL HYPOTHESIS DOES NOT EQUATE TO PROVING ITS TRUTH, AND HOW THIS
MISINTERPRETATION CAN LEAD TO INCORRECT CONCLUSIONS ABOUT PSYCHOLOGICAL PHENOMENA. THE BOOK ADVOCATES FOR A
MORE NUANCED APPROACH TO STATISTICAL INFERENCE AND EFFECT SIZE ESTIMATION.

5.

SMALL SAMPLE Sizes, BiG ProBLEMS: THE PERILS OF UNDERPOWERED STUDIES

THIS TITLE EXPLORES THE SIGNIFICANT CHALLENGES AND ERRORS THAT ARISE FROM CONDUCTING PSYCHOLOGICAL RESEARCH
WITH INSUFFICIENT SAMPLE SIZES. IT DETAILS HOW LOW STATISTICAL POWER CAN LEAD TO AN INCREASED RISK OF T YPE ||
ERRORS (FAILING TO DETECT A REAL EFFECT) AND UNRELIABLE FINDINGS. THE BOOK OFFERS INSIGHTS INTO POWER ANALYSIS AND
BEST PRACTICES FOR DESIGNING STUDIES THAT ARE ADEQUATELY POWERED TO DETECT MEANINGFUL EFFECTS.

6.

RepLICATION CRrISIS REMEDIES: BUILDING TRUST IN PSYCHOLOGICAL SCIENCE

THIS BOOK EXAMINES THE ONGOING REPLICATION CRISIS IN PSYCHOLOGY AND OFFERS PRACTICAL SOLUTIONS FOR IMPROVING THE
RELIABILITY OF RESEARCH. |T DISSECTS COMMON STATISTICAL AND METHODOLOGICAL ERRORS THAT CONTRIBUTE TO THE
CRISIS, SUCH AS HARKING (HYPOTHESIZING AFTER THE RESULTS ARE KNOWN) AND SELECTIVE REPORTING. THE TEXT
CHAMPIONS OPEN SCIENCE PRACTICES, PRE-REGISTRATION, AND ROBUST METHODOLOGY TO REBUILD CONFIDENCE IN
PSYCHOLOGICAL FINDINGS.

PUBLICATION BIAS AND THE FILE DRAWER PROBLEM: WHAT'S MISSING FROM THE
LITERATURE?

THIS TITLE INVESTIGATES THE SIGNIFICANT IMPACT OF PUBLICATION BIAS AND THE “FILE DRAWER PROBLEM” ON THE PERCEIVED
STATE OF PSYCHOLOGICAL KNOWLEDGE. |T EXPLAINS HOW STUDIES WITH STATISTICALLY SIGNIFICANT OR POSITIVE RESULTS
ARE MORE LIKELY TO BE PUBLISHED, LEADING TO A SKEWED REPRESENTATION OF FINDINGS. THE BOOK DISCUSSES THE
CONSEQUENCES OF THIS BIAS AND THE IMPORTANCE OF PUBLISHING NULL OR NEGATIVE RESULTS.

8.

THe GAMBLER'S FALLACY IN DATA ANALYSIS: BELIEVING IN STREAKS AND PATTERNS

THIS WORK EXPLORES HOW THE GAMBLER'S FALLACY, THE MISTAKEN BELIEF THAT PAST RANDOM EVENTS INFLUENCE FUTURE
INDEPENDENT EVENTS, CAN MANIFEST IN PSYCHOLOGICAL DATA ANALYSIS. |T EXAMINES HOW RESEARCHERS MIGHT OVER-
INTERPRET RANDOM FLUCTUATIONS AS MEANINGFUL PATTERNS OR VICE-VERSA, ESPECIALLY IN TIME-SERIES OR SEQUENTIAL
DATA. THE BOOK OFFERS TOOLS FOR DISTINGUISHING TRUE SIGNALS FROM RANDOM NOISE.



MISINTERPRETING EFFECT Sizes: BEYOND THE MAGIC OF THE P-V ALUE

THIS BOOK CHALLENGES THE OVER-RELIANCE ON P-VALUES IN PSYCHOLOGICAL RESEARCH AND EMPHASIZES THE CRITICAL
IMPORTANCE OF UNDERSTANDING AND REPORTING EFFECT SIZES. |T DETAILS HOW DIFFERENT EFFECT SIZE MEASURES ARE
CALCULATED AND INTERPRETED, AND HOW MISINTERPRETING THEM CAN LEAD TO INFLATED OR DEFLATED PERCEPTIONS OF AN
INTERVENTION'S OR RELATIONSHIP'S MAGNITUDE. THE TEXT ADVOCATES FOR A MORE COMPLETE PICTURE OF RESEARCH FINDINGS
BY PRIORITIZING EFFECT SIZES ALONGSIDE SIGNIFICANCE TESTS.
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