ExPERIMENTS LACK ONE OR MORE ESSENTIAL ELEMENTS, SUCH
AS MANIPULATION OF ANTECEDENTS OR RANDOM ASSIGNMENT

ExPERIMENTS LACK ONE OR MORE ESSENTIAL ELEMENTS, SUCH AS MANIPULATION OF ANTECEDENTS OR RANDOM ASSIGNMENT
ARE A COMMON CONCERN IN RESEARCH METHODOLOGY , OF TEN UNDERMINING THE VALIDITY AND RELIABILITY OF STUDY FINDINGS.
\W/HEN THESE CRITICAL COMPONENTS ARE MISSING, THE RESULTS MAY BE BIASED, CONFOUNDED, OR SIMPLY NOT GENERALIZABLE
TO BROADER POPULATIONS. UNDERSTANDING WHAT MAKES AN EXPERIMENT METHODOLOGICALLY SOUND—INCLUDING THE ROLE
OF MANIPULATION OF ANTECEDENTS AND RANDOM ASSIGNMENT—IS KEY FOR RESEARCHERS, STUDENTS, AND READERS ALIKE TO
CRITICALLY EVALUATE SCIENTIFIC STUDIES.

IN THIS ARTICLE, WE WILL EXPLORE THE FOUNDATIONAL ELEMENTS THAT CONSTITUTE A WELL-DESIGNED EXPERIMENT, WHY THEIR
ABSENCE CAN BE PROBLEMATIC, AND HOW RESEARCHERS CAN ADDRESS THESE ISSUES TO IMPROVE THE ROBUSTNESS OF THEIR
¥/ ORK.

THE IMPORTANCE OF MANIPULATION OF ANTECEDENTS IN EXPERIMENTS

WHAT ARE ANTECEDENTS AND WHY ARE THEY CRITICAL?

ANTECEDENTS ARE THE VARIABLES OR CONDITIONS THAT PRECEDE AND POTENTIALLY INFLUENCE THE OUTCOME OF AN
EXPERIMENT. THEY ARE OFTEN THE INDEPENDENT VARIABLES THAT A RESEARCHER INTENTIONALLY MANIPULATES TO OBSERVE
EFFECTS ON DEPENDENT VARIABLES. PROPER MANIPULATION OF THESE ANTECEDENTS ALLOWS RESEARCHERS TO ESTABLISH
CAUSAL RELATIONSHIPS RATHER THAN MERE CORRELATIONS.

W/ ITHOUT DELIBERATE MANIPULATION, STUDIES TEND TO BECOME OBSERVATIONAL RATHER THAN EXPERIMENTAL, WHICH LIMITS
THEIR ABILITY TO INFER CAUSALITY. FOR EXAMPLE, IF A RESEARCHER WANTS TO EXAMINE WHETHER A NEW TEACHING METHOD
IMPROVES STUDENT PERFORMANCE, MANIPULATING THE TEACHING METHOD (THE ANTECEDENT) AND MEASURING SUBSEQUENT
PERFORMANCE IS ESSENTIAL.

CONSEQUENCES OF FAILING TO MANIPULATE ANTECEDENTS

W/HEN EXPERIMENTS LACK THE MANIPULATION OF ANTECEDENTS, SEVERAL ISSUES CAN ARISE:
¢ Repucep CAUSAL INFERENCE: W/ ITHOUT MANIPULATION, IT BECOMES CHALLENGING TO DETERMINE WHETHER CHANGES IN
THE OUTCOME ARE DUE TO THE VARIABLE OF INTEREST OR OTHER CONFOUNDING FACTORS.

¢ INCREASED CONFOUNDING V ARIABLES: NON-MANIPULATED STUDIES ARE MORE SUSCEPTIBLE TO BIASES INTRODUCED BY
EXTRANEOUS VARIABLES THAT ARE NOT CONTROLLED OR ACCOUNTED FOR.

o LiMiTED EXPERIMENTAL CONTROL: THE ABSENCE OF MANIPULATION MEANS LESS CONTROL OVER THE EXPERIMENTAL
ENVIRONMENT, MAKING IT HARDER TO ESTABLISH CLEAR CAUSE~-AND-EFFECT RELATIONSHIPS.

STRATEGIES FOR ENSURING PROPER MANIPULATION

ToO ADDRESS THIS ISSUE, RESEARCHERS SHOULD:

1. CLEARLY DEFINE THE INDEPENDENT VARIABLE AND HOW IT WILL BE MANIPULATED.



2. USE CONTROL GROUPS TO COMPARE OUTCOMES AGAINST UNTREATED OR BASELINE CONDITIONS.
3. IMPLEMENT STANDARDIZED PROCEDURES TO ENSURE CONSISTENCY IN MANIPULATION ACROSS PARTICIPANTS.

4. DOCUMENT ALL MANIPULATIONS METICULOUSLY FOR TRANSPARENCY AND REPRODUCIBILITY.

THE RoLE oF RANDOM ASSIGNMENT IN EXPERIMENTAL DESIGN

UNDERSTANDING RANDOM ASSIGNMENT

RANDOM ASSIGNMENT INVOLVES ALLOCATING PARTICIPANTS TO DIFFERENT GROUPS OR CONDITIONS PURELY BY CHANCE. THIS
PROCESS AIMS TO EVENLY DISTRIBUTE KNOWN AND UNKNOWN CONFOUNDING VARIABLES ACROSS GROUPS, THEREBY ENSURING
THAT DIFFERENCES IN OUTCOMES ARE ATTRIBUTABLE TO THE MANIPULATED VARIABLES RATHER THAN PRE-EXISTING DIFFERENCES.

For EXAMPLE, IN' A CLINICAL TRIAL TESTING A NEW DRUG, RANDOMLY ASSIGNING PARTICIPANTS TO TREATMENT OR PLACEBO
GROUPS HELPS ENSURE THAT GROUPS ARE COMPARABLE IN AGE, HEALTH STATUS, AND OTHER RELEVANT FACTORS.

WHY |s RANDOM ASSIGNMENT ESSENTIAL?

THE ABSENCE OF RANDOM ASSIGNMENT CAN INTRODUCE SELECTION BIAS, WHICH COMPROMISES THE INTERNAL VALIDITY OF THE
EXPERIMENT. W/HEN PARTICIPANTS ARE ASSIGNED NON-RANDOMLY, CERTAIN GROUPS MAY DIFFER SYSTEMATICALLY, SKEWING
RESULTS AND MAKING IT DIFFICULT TO ATTRIBUTE EFFECTS SOLELY TO THE INDEPENDENT VARIABLE.

For EXAMPLE, IF MORE MOTIVATED INDIVIDUALS VOLUNTEER FOR A NEW EDUCATIONAL PROGRAM, OBSERVED IMPROVEMENTS
MIGHT BE DUE TO MOTIVATION RATHER THAN THE PROGRAM ITSELF. RANDOM ASSIGNMENT HELPS TO MITIGATE SUCH BIASES.

CHALLENGES WHEN RANDOM ASSIGNMENT IS ABSENT

STUDIES LACKING RANDOM ASSIGNMENT FACE SEVERAL LIMITATIONS:
e POTENTIAL FOR SELECTION BIAS: GROUPS MAY DIFFER IN IMPORTANT WAYS UNRELATED TO THE EXPERIMENTAL
MANIPULATION.
o LOWER INTERNAL VALIDITY: DIFFICULTY IN RULING OUT ALTERNATIVE EXPLANATIONS FOR OBSERVED EFFECTS.

® ReDUCED GENERALIZABILITY: RESULTS MAY NOT ACCURATELY REFLECT REAL-WORLD SCENARIOS IF GROUPS ARE NOT
EQUIVALENT AT BASELINE.

BesT PRACTICES FOR IMPLEMENTING RANDOM ASSIGNMENT

TO MAXIMIZE THE BENEFITS OF RANDOMIZATION, RESEARCHERS SHOULD:

1. USE RANDOM NUMBER GENERATORS OR OTHER UNBIASED METHODS FOR ASSIGNING PARTICIPANTS.
2. ENSURE ALLOCATION CONCEALMENT TO PREVENT SELECTION BIAS.

3. MAINTAIN TRANSPARENCY ABOUT THE RANDOMIZATION PROCESS IN REPORTING.



4. COMBINE RANDOM ASSIGNMENT WITH OTHER CONTROLS, SUCH AS BLINDING, TO STRENGTHEN STUDY VALIDITY.

CoMMON SceNARIOS WHERE EXPERIMENTS LACKk THESE ESSENTIAL ELEMENTS

OBSERVATIONAL STUDIES INSTEAD OF EXPERIMENTAL DESIGNS

MANY STUDIES ARE OBSERVATIONAL BY NATURE, WHERE RESEARCHERS DO NOT MANIPULATE ANTECEDENTS OR RANDOMLY
ASSIGN PARTICIPANTS. W/HILE SUCH STUDIES CAN PROVIDE VALUABLE CORRELATIONAL DATA, THEY FALL SHORT OF
ESTABLISHING CAUSALITY.

QUASI-EXPERIMENTAL DESIGNS

SOME RESEARCH EMPLOYS QUASI-EXPERIMENTAL DESIGNS THAT ATTEMPT TO MANIPULATE VARIABLES BUT DO NOT USE RANDOM
ASSIGNMENT. THESE STUDIES ARE MORE SUSCEPTIBLE TO CONFOUNDING FACTORS AND MAY REQUIRE ADDITIONAL STATISTICAL
CONTROLS.

PrACTICAL LIMITATIONS AND ETHICAL CONSIDERATIONS

IN CERTAIN FIELDS, ETHICAL OR LOGISTICAL CONSTRAINTS PREVENT MANIPULATION OR RANDOM ASSIGNMENT. For INSTANCE,
ASSIGNING PARTICIPANTS TO HARMFUL CONDITIONS OR WITHHOLDING TREATMENT CAN BE UNETHICAL. RESEARCHERS MUST THEN
RELY ON ALTERNATIVE METHODS, SUCH AS MATCHED GROUPS OR LONGITUDINAL DESIGNS.

IMPLICATIONS FOR RESEARCHERS, STUDENTS, AND READERS

For RESEARCHERS

UNDERSTANDING THE IMPORTANCE OF MANIPULATION OF ANTECEDENTS AND RANDOM ASSIGNMENT HELPS IN DESIGNING ROBUST
EXPERIMENTS. W/HEN THESE ELEMENTS ARE MISSING, RESEARCHERS SHOULD ACKNOWLEDGE LIMITATIONS AND CONSIDER
ALTERNATIVE STRATEGIES TO STRENGTHEN THEIR STUDIES.

For STUDENTS AND EDUCATORS

RECOGNIZING THESE FUNDAMENTAL ELEMENTS ENHANCES CRITICAL THINKING SKILLS, ENABLING STUDENTS TO EVALUATE RESEARCH
QUALITY EFFECTIVELY AND DISTINGUISH BETWEEN CORRELATIONAL AND CAUSAL CLAIMS.

For ReaDeErs AND CONSUMERS OF RESEARCH

BEING AWARE OF THESE EXPERIMENT AL DESIGN PRINCIPLES ALLOWS CONSUMERS OF RESEARCH TO INTERPRET FINDINGS MORE
ACCURATELY AND AVOID OVERGENERALIZING RESULTS FROM STUDIES LACKING KEY ELEMENTS.

CONCLUSION

EXPERIMENTS THAT LACK ONE OR MORE ESSENTIAL ELEMENTS—SUCH AS THE MANIPULATION OF ANTECEDENTS OR RANDOM
ASSIGNMENT—POSE SIGNIFICANT CHALLENGES TO ESTABLISHING CAUSAL RELATIONSHIPS. MANIPULATION OF ANTECEDENTS



ENSURES THAT THE INDEPENDENT VARIABLE IS SYSTEMATICALLY VARIED TO OBSERVE ITS EFFECTS, WHILE RANDOM ASSIGNMENT
HELPS DISTRIBUTE CONFOUNDING VARIABLES EVENLY ACROSS GROUPS, THEREBY ENHANCING INTERNAL VALIDITY. BoTH ARE
CORNERSTONES OF RIGOROUS EXPERIMENTAL DESIGN.

RESEARCHERS SHOULD STRIVE TO INCORPORATE THESE ELEMENTS WHENEVER POSSIBLE, OR TRANSPARENTLY ACKNOWLEDGE THEIR
ABSENCE AND ITS IMPLICATIONS. BY DOING SO, THE SCIENTIFIC COMMUNITY CAN PRODUCE MORE RELIABLE, VALID, AND
IMPACTFUL RESEARCH THAT ADVANCES KNOWLEDGE ACROSS DISCIPLINES. \WHETHER YOU'RE DESIGNING A STUDY OR CRITICALLY
EVALUATING OTHERS' WORK, UNDERSTANDING THE SIGNIFICANCE OF THESE ELEMENTS IS VITAL FOR INTERPRETING RESEARCH
FINDINGS ACCURATELY AND RESPONSIBLY.

FREQUENTLY ASkeD QUESTIONS

\WHAT DOES IT MEAN WHEN AN EXPERIMENT LACKS MANIPULATION OF ANTECEDENTS?

[T MEANS THAT THE RESEARCHER DID NOT ACTIVELY CHANGE OR CONTROL THE INDEPENDENT VARIABLES OR CONDITIONS BEFORE
MEASURING THE OUTCOME, WHICH CAN LIMIT THE ABILITY TO ESTABLISH CAUSALITY.

NWHY IS RANDOM ASSIGNMENT IMPORTANT IN EXPERIMENT AL DESIGN?

RANDOM ASSIGNMENT HELPS ENSURE THAT PARTICIPANTS ARE DISTRIBUTED EVENLY ACROSS GROUPS, REDUCING BIAS AND
CONFOUNDING VARIABLES, THEREBY INCREASING THE INTERNAL VALIDITY OF THE EXPERIMENT.

W/HAT ARE THE RISKS OF CONDUCTING EXPERIMENTS WITHOUT MANIPULATING
ANTECEDENTS?

W I THoUT MANIPULATION, IT’S DIFFICULT TO DETERMINE CAUSAL RELATIONSHIPS, WHICH CAN LEAD TO AMBIGUOUS OR
UNRELIABLE CONCLUSIONS ABOUT THE EFFECTS BEING STUDIED.

CAN AN EXPERIMENT BE VALID WITHOUT RANDOM ASSIGNMENT?

W/HILE SOME EXPERIMENTS CAN STILL PROVIDE USEFUL INSIGHTS WITHOUT RANDOM ASSIGNMENT, THEIR INTERNAL VALIDITY IS
GENERALLY COMPROMISED, MAKING IT HARDER TO INFER CAUSALITY CONFIDENTLY.

\WHAT ARE SOME COMMON CONSEQUENCES OF MISSING ESSENTIAL ELEMENTS IN
EXPERIMENTS?

MISSING ELEMENTS LIKE MANIPULATION OR RANDOM ASSIGNMENT CAN LEAD TO BIASED RESULTS, REDUCED REPRODUCIBILITY, AND
LIMITATIONS IN GENERALIZING FINDINGS TO LARGER POPULATIONS.

How CAN RESEARCHERS IMPROVE EXPERIMENTS THAT LACK MANIPULATION OR RANDOM
ASSIGNMENT?

RESEARCHERS CAN INCORPORATE CONTROL GROUPS, APPLY STATISTICAL CONTROLS, OR USE EXPERIMENTAL DESIGNS THAT
INCLUDE MANIPULATION OF VARIABLES TO STRENGTHEN THE VALIDITY OF THEIR STUDIES.

ARE OBSERVATIONAL STUDIES CONSIDERED EXPERIMENTS IF THEY LACK MANIPULATION
AND RANDOMIZATION?

NO/ OBSERVATIONAL STUDIES DO NOT INVOLVE MANIPULATION OR RANDOM ASSIGNMENT;, THEY OBSERVE EXISTING CONDITIONS,
WHICH LIMITS CAUSAL INFERENCES COMPARED TO CONTROLLED EXPERIMENTS.



\WHAT IS THE DIFFERENCE BETWEEN A TRUE EXPERIMENT AND A QUASI-EXPERIMENT
REGARDING ESSENTIAL ELEMENTS?

A TRUE EXPERIMENT INCLUDES BOTH MANIPULATION OF VARIABLES AND RANDOM ASSIGNMENT, WHEREAS QUASI-EXPERIMENTS
OFTEN LACK ONE OR BOTH OF THESE ELEMENTS, AFFECTING THEIR ABILITY TO ESTABLISH CAUSALITY.

\WHY IS THE MANIPULATION OF ANTECEDENTS CRUCIAL FOR ESTABLISHING CAUSAL
RELATIONSHIPS?

MANIPULATING ANTECEDENTS ALLOWS RESEARCHERS TO OBSERVE CHANGES IN DEPENDENT VARIABLES DIRECTLY CAUSED BY THE
INDEPENDENT VARIABLES, WHICH IS ESSENTIAL FOR ESTABLISHING CAUSAL LINKS.

ADDITIONAL RESOURCES

ExPERIMENTS LACK ONE OrR MORE ESSENTIAL ELEMENTS, SUCH AS MANIPULATION OF ANTECEDENTS OR RANDOM ASSIGNMENT

IN THE REALM OF SCIENTIFIC RESEARCH, PARTICULARLY WITHIN THE SOCIAL SCIENCES, PSYCHOLOGY, AND BEHAVIORAL STUDIES,
THE INTEGRITY OF EXPERIMENT AL DESIGN IS PARAMOUNT. WW/HEN CONDUCTED PROPERLY, EXPERIMENTS CAN PROVIDE COMPELLING
EVIDENCE ABOUT CAUSAL RELATIONSHIPS, HELPING US UNDERSTAND HOW CERTAIN VARIABLES INFLUENCE OTHERS. HO\X/EVER, A
RECURRING ISSUE UNDERMINING THE VALIDITY OF MANY STUDIES IS THE ABSENCE OF ONE OR MORE KEY ELEMENTS NECESSARY FOR
ESTABLISHING CAUSALITY—MOST NOTABLY, THE MANIPULATION OF ANTECEDENTS AND THE USE OF RANDOM ASSIGNMENT.
W/HEN THESE ELEMENTS ARE MISSING, THE RESULTING FINDINGS CAN BE MISLEADING, UNRELIABLE, OR OUTRIGHT INVALID. THiS
ARTICLE EXPLORES WHY THESE ELEMENTS ARE ESSENTIAL, THE CONSEQUENCES OF THEIR ABSENCE, AND HOW RESEARCHERS AND
READERS ALIKE CAN IDENTIFY AND INTERPRET SUCH LIMITATIONS.

UNDERSTANDING THE FOUNDATIONS OF EXPERIMENTAL DESIGN

BEFORE DELVING INTO THE IMPLICATIONS OF MISSING ELEMENTS, IT’S IMPORTANT TO GRASP THE CORE PRINCIPLES THAT UNDERPIN
ROBUST EXPERIMENTAL RESEARCH.

MANIPULATION OF ANTECEDENTS (|NDEPENDENT VARIABLES)

IN AN EXPERIMENT, THE RESEARCHER INTENTIONALLY MANIPULATES A VARIABLE—KNOWN AS THE INDEPENDENT VARIABLE—TO
OBSERVE ITS EFFECT ON ANOTHER VARIABLE, CALLED THE DEPENDENT VARIABLE. THIS MANIPULATION IS CRUCIAL BECAUSE IT
ALLOWS RESEARCHERS TO ISOLATE THE SPECIFIC FACTOR RESPONSIBLE FOR OBSERVED CHANGES, THEREBY ESTABLISHING A
CAUSAL LINK.

\WHY IS MANIPULATION IMPORTANT?

- |T DEMONSTRATES CAUSALITY: BY CHANGING THE ANTECEDENT, RESEARCHERS CAN SEE IF THE OUTCOME RESPONDS
ACCORDINGLY.

- |T CONTROLS CONFOUNDING FACTORS: MANIPULATION HELPS TO ENSURE THAT OTHER VARIABLES DO NOT INFLUENCE THE
RESULTS.

- |T ENABLES REPLICATION: CLEAR MANIPULATION PROTOCOLS ALLOW OTHER RESEARCHERS TO REPEAT AND VERIFY FINDINGS.

RANDOM ASSIGNMENT

RANDOM ASSIGNMENT INVOLVES ALLOCATING PARTICIPANTS TO DIFFERENT EXPERIMENTAL CONDITIONS PURELY BY CHANCE. THIS
PROCESS ENSURES THAT EACH GROUP IS STATISTICALLY EQUIVALENT AT THE OUTSET OF THE EXPERIMENT, BALANCING OUT



INDIVIDUAL DIFFERENCES SUCH AS AGE, GENDER, INTELLIGENCE, OR PRIOR EXPERIENCE.
\WHY IS RANDOM ASSIGNMENT CRITICAL?

- |T MINIMIZES SELECTION BIAS: ENSURES THAT DIFFERENCES BETWEEN GROUPS ARE NOT SYSTEMATIC.

- |T ENHANCES INTERNAL VALIDITY: INCREASES CONFIDENCE THAT OBSERVED EFFECTS ARE DUE TO THE MANIPULATED VARIABLE
RATHER THAN PRE-EXISTING DIFFERENCES.

- |T SUPPORTS GENERALIZABILITY: WELL-RANDOMIZED GROUPS BETTER REFLECT THE POPULATION, MAKING RESULTS MORE
APPLICABLE BROADLY.

THE CONSEQUENCES oF OMITTING KEY ELEMENTS

\W/HEN EXPERIMENTS LACK MANIPULATION OF ANTECEDENTS OR DO NOT INCORPORATE RANDOM ASSIGNMENT, THEIR CAPACITY TO
ESTABLISH CAUSAL RELATIONSHIPS DIMINISHES SIGNIFICANTLY. HERE ARE THE PRIMARY ISSUES THAT ARISE:

CONFOUNDING V ARIABLES AND SPURIOUS CORRELATIONS

W ITHouT MANIPULATION, IT BECOMES DIFFICULT TO DETERMINE WHETHER CHANGES IN THE DEPENDENT VARIABLE ARE TRULY
CAUSED BY THE INDEPENDENT VARIABLE OR BY OTHER LURKING FACTORS. FOR EXAMPLE, AN OBSERVATIONAL STUDY MIGHT FIND
A CORRELATION BETWEEN EXERCISE AND MOOD BUT CANNOT CONFIDENTLY CLAIM THAT EXERCISE CAUSES IMPROVED MOOD
WITHOUT EXPERIMENTAL MANIPULATION.

SIMILARLY, FAILURE TO USE RANDOM ASSIGNMENT CAN LEAD TO SYSTEMATIC DIFFERENCES BETWEEN GROUPS. FOR INSTANCE, IF
MORE MOTIVATED INDIVIDUALS SELF-SELECT INTO AN EXPERIMENTAL CONDITION, ANY OBSERVED EFFECTS MIGHT BE DUE TO
MOTIVATION RATHER THAN THE TREATMENT ITSELF.

THREATS TO INTERNAL VALIDITY

INTERNAL VALIDITY REFERS TO THE DEGREE TO WHICH A STUDY ACCURATELY ESTABLISHES A CAUSE-AND-EFFECT RELATIONSHIP.
L ACK OF MANIPULATION OR RANDOMIZATION INTRODUCES MULTIPLE THREATS:

- SELECTION BIAS: NON-RANDOM GROUPS MAY DIFFER IN UNMEASURED WAYS.

- MATURATION: CHANGES OVER TIME MAY INFLUENCE RESULTS IF GROUPS ARE NOT EQUIVALENT.

- HiISTORY EFFECTS: EXTERNAL EVENTS AFFECTING SOME GROUPS BUT NOT OTHERS CAN DISTORT OUTCOMES.

- TESTING EFFECTS: REPEATED TESTING CAN INFLUENCE PARTICIPANTS’ RESPONSES INDEPENDENTLY OF THE TREATMENT.

LiMiTeED CAUSAL INFERENCE AND RELIANCE ON CORRELATIONAL DATA

STUDIES LACKING THESE ELEMENTS OFTEN RESEMBLE OBSERVATIONAL OR CORRELATIONAL RESEARCH RATHER THAN TRUE
EXPERIMENTS. W/HILE CORRELATIONS CAN SUGGEST RELATIONSHIPS, THEY DO NOT CONFIRM CAUSALITY. CONSEQUENTLY, SUCH
STUDIES ARE LESS USEFUL FOR INFORMING POLICY, CLINICAL PRACTICE, OR THEORETICAL DEVELOPMENT THAT DEPENDS ON
CAUSAL UNDERSTANDING.

CoMMON SceNARIOS WHERE ESSENTIAL ELEMENTS ARE MISSING

UNDERSTANDING TYPICAL SITUATIONS WHERE EXPERIMENTS FALL SHORT CAN HELP IN BOTH EVALUATING EXISTING RESEARCH AND
DESIGNING FUTURE STUDIES.



OBSERVATIONAL AND QUASI-EXPERIMENT AL DESIGNS

MANY STUDIES, ESPECIALLY IN NATURALISTIC SETTINGS, ARE OBSERVATIONAL, MEANING RESEARCHERS DO NOT MANIPULATE
VARIABLES BUT INSTEAD OBSERVE PHENOMENA AS THEY NATURALLY OCCUR. FOR EXAMPLE:

- PUBLIC HEALTH STUDIES EXAMINING SMOKING AND LUNG DISEASE WITHOUT MANIPULATING SMOKING BEHAVIORS.
- EDUCATIONAL RESEARCH OBSERVING CLASSROOM INTERACTIONS WITHOUT ASSIGNING STUDENTS RANDOMLY.

W/HILE VALUABLE, THESE STUDIES CANNOT DEFINITIVELY ESTABLISH CAUSALITY DUE TO THE ABSENCE OF MANIPULATION AND
POTENTIAL CONFOUNDING FACTORS.

QUASI'EXPEEIMENTS ATTEMPT TO APPROXIMATE EXPERIMENTAL CONTROL BUT OFTEN LACK RANDOM ASSIGNMENT. FOR
EXAMPLE, COMPARING OUTCOMES IN PRE-EXISTING GROUPS <E.G., DIFFERENT SCHOOLS) INTRODUCES POTENTIAL BIASES.

SELF-SELECTED OR NON-RANDOM SAMPLES

\W/HEN PARTICIPANTS CHOOSE WHETHER TO PARTICIPATE OR ARE ASSIGNED BASED ON CONVENIENCE, GROUPS TEND TO DIFFER
SYSTEMATICALLY. FoR INSTANCE, ONLINE SURVEYS OR VOLUNTARY CLINICAL TRIALS OFTEN SUFFER FROM SELF-SELECTION BIAS,
MAKING IT DIFFICULT TO ATTRIBUTE OBSERVED DIFFERENCES SOLELY TO THE VARIABLES OF INTEREST.

NoN-MANIPULATED V ARIABLES

SOME STUDIES ANALYZE VARIABLES THAT ARE INHERENTLY UNCHANGEABLE, SUCH AS DEMOGRAPHIC FACTORS (AGE, GENDER) OR
NATURALLY OCCURRING ENVIRONMENTAL CONDITIONS. W HILE THESE CAN PROVIDE CORRELATIONAL INSIGHTS, THEY DO NOT
ESTABLISH CAUSALITY.

IMPLICATIONS FOR RESEARCHERS AND CONSUMERS OF RESEARCH

RECOGNIZING THE ABSENCE OF MANIPULATION AND RANDOM ASSIGNMENT IS VITAL FOR INTERPRETING RESEARCH FINDINGS
RESPONSIBLY.

For RESEARCHERS

- DESIGN WITH CAUSALITY IN MIND: \W/HENEVER POSSIBLE, INCORPORATE MANIPULATION AND RANDOMIZATION.

- ACKNOWLEDGE LIMITATIONS: CLEARLY STATE WHEN STUDIES ARE OBSERVATIONAL OR QUASI-EXPERIMENTAL.

- USE APPROPRIATE STATISTICAL CONTROLS: \W/HEN RANDOMIZATION ISN’T FEASIBLE, EMPLOY TECHNIQUES LIKE MATCHING OR
STATISTICAL ADJUSTMENTS TO MITIGATE BIASES.

- PRIORITIZE TRANSPARENCY: REPORT ALL RELEVANT METHODOLOGICAL DETAILS SO OTHERS CAN ASSESS VALIDITY.

For ReADERS AND POLICYMAKERS

- EVALUATE THE EVIDENCE: BE CAUTIOUS ABOUT DRAWING CAUSAL CONCLUSIONS FROM STUDIES LACKING KEY ELEMENTS.

- SEEK REPLICATION AND CORROBORATION: CONFIRM FINDINGS ACROSS MULTIPLE WELL-DESIGNED EXPERIMENTS.

- UNDERSTAND THE DISTINCTION: RECOGNIZE THAT CORRELATION DOES NOT IMPLY CAUSATION.

- APPLY FINDINGS JUDICIOUSLY: USE RESEARCH AS ONE PIECE OF EVIDENCE RATHER THAN DEFINITIVE PROOF, ESPECIALLY \WHEN
EXPERIMENTAL CONTROLS ARE WEAK OR ABSENT.



MoVING ToWwWARD BETTER EXPERIMENTAL PRACTICES

THE SCIENTIFIC COMMUNITY CONTINUES TO EMPHASIZE RIGOROUS EXPERIMENTAL DESIGN TO IMPROVE VALIDITY AND
REPRODUCIBILITY. ADVANCES INCLUDE:

- RANDOMIZED CONTROLLED TRIALS (RCTS): GOLD STANDARD FOR ESTABLISHING CAUSALITY.
- DOUBLE-BLIND PROCEDURES: PREVENT BIAS FROM PARTICIPANTS AND EXPERIMENTERS.

- PRE-REGISTRATION: DECLARING HYPOTHESES AND METHODS BEFOREHAND TO REDUCE BIAS.

- RepLICATION STUDIES: CONFIRMING FINDINGS ACROSS DIFFERENT SETTINGS AND POPULATIONS.

FURTHERMORE/ TRANSPARENCY INITIATIVES ENCOURAGE RESEARCHERS TO SHARE DATA AND PROTOCOLS, ALLOWING OTHERS TO
EVALUATE THE INTEGRITY OF THEIR EXPERIMENTS.

Concrusion; THeE PATH To VALID AND RELIABLE SCIENCE

EXPERIMENTS LACKING ONE OR MORE ESSENTIAL ELEMENTS—SUCH AS MANIPULATION OF ANTECEDENTS OR RANDOM
ASSIGNMENT—POSE SIGNIFICANT CHALLENGES TO ESTABLISHING CAUSALITY. WHILE SUCH STUDIES CAN STILL OFFER VALUABLE
INSIGHTS, THEIR FINDINGS SHOULD BE INTERPRETED WITH CAUTION, EMPHASIZING ASSOCIATIONS RATHER THAN DEFINITIVE CAUSE-
AND-EFFECT RELATIONSHIPS. FOR SCIENTIFIC PROGRESS AND INFORMED DECISION-MAKING, RIGOROUS EXPERIMENTAL DESIGN
REMAINS THE CORNERSTONE OF CREDIBLE RESEARCH. BY UNDERSTANDING THESE FUNDAMENT AL PRINCIPLES, RESEARCHERS CAN
IMPROVE THEIR WORK, AND CONSUMERS OF RESEARCH CAN BETTER DISCERN VALID CONCLUSIONS FROM TENTATIVE FINDINGS.
ULTIMATELY, STRIVING FOR METHODOLOGICAL RIGOR ENHANCES THE RELIABILITY OF SCIENCE AND ITS CONTRIBUTION TO
SOCIETY.
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