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UNDERSTANDING THE FACTORS THAT INFLUENCE THE SAMPLING VARIANCE OF THE ORDINARY LEAST SQUARES (OLS)
ESTIMATOR IS FUNDAMENTAL IN ECONOMETRICS AND STATISTICAL MODELING. THE VARIANCE OF AN ESTIMATOR DETERMINES ITS
PRECISION; THE SMALLER THE VARIANCE, THE MORE RELIABLE THE ESTIMATES. IN BOTH SIMPLE AND MULTIPLE REGRESSION MODELS,
SEVERAL FACTORS PLAY A CRUCIAL ROLE IN SHAPING THIS VARIANCE. THIS ARTICLE DELVES INTO THESE FACTORS, PROVIDING A
COMPREHENSIVE OVERVIEW OF HOW THEY IMPACT THE ESTIMATION PROCESS.

INTRODUCTION TO OLS ESTIMATOR AND ITS V ARIANCE

THE OLS ESTIMATOR AIMS TO FIND THE BEST-FITTING LINE OR HYPERPLANE THAT MINIMIZES THE SUM OF SQUARED RESIDUALS
BET\WEEN OBSERVED AND PREDICTED VALUES. | TS VARIANCE REFLECTS THE DEGREE OF UNCERTAINTY ASSOCIATED WITH THE
ESTIMATED PARAMETERS. A LOW SAMPLING VARIANCE INDICATES THAT REPEATED SAMPLES WOULD PRODUCE SIMILAR
ESTIMATES, ENHANCING CONFIDENCE IN THE RESULTS.

IN SIMPLE REGRESSION MODELS, WHERE ONE INDEPENDENT VARIABLE PREDICTS A DEPENDENT VARIABLE, THE VARIANCE OF THE OLS

ESTIMATOR IS INFLUENCED BY SPECIFIC FACTORS. IN MULTIPLE REGRESSION MODELS, INVOLVING MULTIPLE PREDICTORS, THE
COMPLEXITY INCREASES, AND SO DO THE FACTORS AFFECTING THE ESTIMATOR'S VARIANCE.

FUNDAMENTAL FACTORS AFFECTING SAMPLING V ARIANCE

1. VARIABILITY OF THE INDEPENDENT V ARIABLE (X)

ONE OF THE MOST SIGNIFICANT FACTORS INFLUENCING THE VARIANCE OF THE OLS ESTIMATOR IS THE VARIABILITY OR SPREAD
OF THE INDEPENDENT VARIABLE.

® HiGH VARIABILITY OF X: \WHEN THE INDEPENDENT VARIABLE EXHIBITS A WIDE RANGE OF VALUES, THE ESTIMATOR'S
VARIANCE TENDS TO DECREASE. THIS IS BECAUSE MORE INFORMATION IS AVAILABLE ACROSS DIFFERENT LEVELS OF X,
LEADING TO MORE PRECISE ESTIMATES.

¢ Low VARIABILITY OF X: CONVERSELY/ LIMITED VARIATION IN X (E.G., DATA POINTS CLUSTERED CLOSELY TOGETHER)
RESULTS IN HIGHER VARIANCE, MAKING THE ESTIMATES LESS RELIABLE.

2. ErROR V ARIANCE (£2)

THE INHERENT VARIABILITY OF THE ERROR TERM IN THE REGRESSION MODEL DIRECTLY IMPACTS THE VARIANCE OF THE ESTIMATOR.



¢ HIGHER ERROR V ARIANCE: \W/HEN THE VARIANCE OF THE ERROR TERM (£2) INCREASES, THE UNCERTAINTY ABOUT THE
ESTIMATED PARAMETERS INCREASES, LEADING TO HIGHER SAMPLING V ARIANCE.

o Lower ERROR V ARIANCE: REDUCING THE ERROR VARIANCE, WHICH CAN BE ACHIEVED THROUGH BETTER MODEL
SPECIFICATION OR DATA COLLECTION METHODS, DECREASES THE SAMPLING V ARIANCE.

3. SampLE Size (N)

SAMPLE SIZE PLAYS A PIVOTAL ROLE IN THE PRECISION OF THE OLS ESTIMATES.

1. LARGER SAMPLE SIzE: AN INCREASE IN N REDUCES THE SAMPLING VARIANCE OF THE ESTIMATOR, CONFORMING TO THE
PRINCIPLE THAT MORE DATA PROVIDES MORE INFORMATION AND LEADS TO MORE PRECISE ESTIMATES.

2. SMALLER SAMPLE SIZE: SMALLER SAMPLES INHERENTLY HAVE HIGHER VARIABILITY, RESULTING IN LESS RELIABLE
ESTIMATES.

SPECIFIC FACTORS IN SIMPLE REGRESSION MODELS

1. VARIANCE OF THE INDEPENDENT V ARIABLE (X)

IN SIMPLE REGRESSION, THE VARIANCE OF X, OFTEN DENOTED AS VAR(X), DIRECTLY INFLUENCES THE VARIANCE OF THE SLOPE
esTiMATOR (BF] ).

- THE FORMULA FOR THE VARIANCE OF THE SLOPE ESTIMATOR IN SIMPLE REGRESSION [S:
Var(ef ) =2/ (XP -XB{ )?

- THIS INDICATES THAT AS THE SUM OF SQUARED DEVIATIONS OF X INCREASES, THE VARIANCE OF B 1 DECREASES.

2. ResipuAL VARIANCE (ERROR V ARIANCE)

THE RESIDUAL VARIANCE, WHICH MEASURES THE DISPERSION OF THE OBSERVED DATA AROUND THE ESTIMATED REGRESSION LINE,
IMPACTS THE ESTIMATOR'S VARIANCE.

- LOWER RESIDUAL VARIANCE LEADS TO MORE PRECISE SLOPE ESTIMATES.

- STRATEGIES TO REDUCE RESIDUAL VARIANCE INCLUDE INCLUDING RELEVANT VARIABLES AND ADDRESSING MEASUREMENT ERRORS.

3. SAMPLE VARIABILITY AND DATA RANGE

THE RANGE OF X VALUES IN THE SAMPLE AFFECTS THE SUM OF SQUARED DEVIATIONS, IMPACTING VARIANCE.

- A WIDER DATA RANGE (MORE SPREAD IN X) REDUCES THE VARIANCE OF THE ESTIMATOR.



- NARROW RANGES LEAD TO HIGHER VARIANCE AND LESS PRECISE ESTIMATES.

FACTORS AFFECTING V ARIANCE IN MULTIPLE REGRESSION MODELS

MULTIPLE REGRESSION INTRODUCES ADDITIONAL COMPLEXITIES, AS MULTIPLE PREDICTORS INFLUENCE THE DEPENDENT VARIABLE
SIMULTANEOUSLY. SEVERAL FACTORS AFFECT THE SAMPLING VARIANCE OF ESTIMATORS IN THIS CONTEXT.

1. MULTICOLLINEARITY AMONG PREDICTORS

MULTICOLLINEARITY REFERS TO HIGH CORRELATION AMONG INDEPENDENT VARIABLES.

® |MPACT: IT INFLATES THE STANDARD ERRORS (AND THUS THE VARIANCE) OF THE COEFFICIENT ESTIMATES, MAKING THEM
LESS RELIABLE.

o DETECTION: V ARIANCE INFLATION FACTOR (VIF) IS COMMONLY USED TO MEASURE MULTICOLLINEARITY.

* MITIGATION: REMOVING OR COMBINING CORRELATED VARIABLES, OR APPLYING REGULARIZATION TECHNIQUES, CAN
REDUCE MULTICOLLINEARITY EFFECTS.

2. VARIANCE OF EACH PREDICTOR V ARIABLE

SIMILAR TO SIMPLE REGRESSION, THE VARIANCE OF EACH PREDICTOR INFLUENCES THE VARIANCE OF ITS ESTIMATED COEFFICIENT.

- HIGHER VARIANCE IN PREDICTOR VARIABLES GENERALLY LEADS TO LOWER ESTIMATOR VARIANCE, ASSUMING OTHER FACTORS
ARE HELD CONSTANT.

3. CovARIANCE AMONG PREDICTORS

THE COVARIANCE STRUCTURE AMONG INDEPENDENT VARIABLES AFFECTS THE PRECISION OF ESTIMATES.
- HIGH COVARIANCE (MULTICOLLINEARITY) INCREASES THE VARIANCE OF INDIVIDUAL COEFFICIENT ESTIMATORS.

- PROPER MODEL SPECIFICATION AND VARIABLE SELECTION CAN HELP MINIMIZE THESE EFFECTS.

4. ERROR V ARIANCE (£2) IN MULTIPLE REGRESSION

AS IN SIMPLE REGRESSION, THE RESIDUAL VARIANCE IMPACTS THE SAMPLING VARIANCE OF MULTIPLE REGRESSION COEFFICIENTS.

- BETTER MODEL FIT AND INCLUSION OF RELEVANT VARIABLES REDUCE RESIDUAL VARIANCE, LEADING TO MORE PRECISE
ESTIMATES.

5. SAMPLE Size AND DATA QUALITY

LARGEE, HIGH-QUALITY DATASETS REDUCE THE ESTIMATOR’S VARIANCE ACROSS ALL REGRESSION TYPES.



- ENSURING DATA ACCURACY, ADDRESSING MISSING DATA, AND INCREASING SAMPLE SIZE ARE KEY STRATEGIES.

MATHEMATICAL FORMULATION OF V ARIANCE IN REGRESSION MODELS

SIMPLE REGRESSION V ARIANCE FORMULA

THE VARIANCE OF THE SLOPE ESTIMATOR (B 1) IN SIMPLE REGRESSION:
Var(epl ) =:2/Z(XE -Xp )?
WHERE:

- 52 IS THE ERROR VARIANCE,

=Y (XF] - XPE] )?Is THE TOTAL VARIATION IN X.

MuLTIPLE REGRESSION V ARIANCE-COVARIANCE MATRIX

IN MULTIPLE REGRESSION, THE VARIANCE-COVARIANCE MATRIX OF ESTIMATORS IS:
Var@R ) =52 (X'X)™!

WHERE:

- X IS THE MATRIX OF PREDICTORS,

- (X’X)™" IS THE INVERSE OF THE MATRIX OF CROSS-PRODUCTS,

- £2 S ESTIMATED FROM RESIDUALS.

THE DIAGONAL ELEMENTS OF THIS MATRIX GIVE THE VARIANCES OF INDIVIDUAL COEFFICIENT ESTIMATORS.

STRATEGIES TO MINIMIZE SAMPLING V ARIANCE

REDUCING THE SAMPLING VARIANCE ENHANCES THE RELIABILITY OF REGRESSION ESTIMATES. HERE ARE SOME EFFECTIVE
STRATEGIES!:

1. INCREASING SAMPLE SIzZE

- COLLECT MORE DATA TO REDUCE THE VARIABILITY OF ESTIMATES.

2. ENHANCING DATA V ARIABILITY

- INCLUDE OBSERVATIONS SPANNING A WIDE RANGE OF PREDICTOR VALUES.



3. IMPROVING MODEL SPECIFICATION

- INCORPORATE RELEVANT VARIABLES TO REDUCE RESIDUAL VARIANCE.

- ADDRESS OMITTED VARIABLE BIAS AND MEASUREMENT ERRORS.

4. ADDRESSING MULTICOLLINEARITY

- USE VARIABLE SELECTION TECHNIQUES TO ELIMINATE HIGHLY CORRELATED PREDICTORS.

- APPLY PRINCIPAL COMPONENT ANALYSIS (PCA) OR REGULARIZATION METHODS.

5. DATA QUALITY AND MEASUREMENT ACCURACY

- ENSURE DATA COLLECTION METHODS ARE PRECISE.

- MINIMIZE MEASUREMENT ERRORS THAT INFLATE RESIDUAL VARIANCE.

CoNcCLUSION

MULTIPLE FACTORS INFLUENCE THE SAMPLING VARIANCE OF THE OLS ESTIMATOR IN BOTH SIMPLE AND MULTIPLE REGRESSION
MODELS. THE VARIABILITY OF THE INDEPENDENT VARIABLES, THE RESIDUAL OR ERROR VARIANCE, THE SAMPLE SIZE, AND ISSUES
LIKE MULTICOLLINEARITY ALL PLAY CRUCIAL ROLES IN DETERMINING THE PRECISION OF PARAMETER ESTIMATES. RECOGNIZING AND
ADDRESSING THESE FACTORS THROUGH CAREFUL DATA COLLECTION, MODEL SPECIFICATION, AND STATISTICAL TECHNIQUES CAN
SIGNIFICANTLY IMPROVE THE RELIABILITY OF REGRESSION RESULTS. AS THE FIELD OF ECONOMETRICS CONTINUES TO EVOLVE,
UNDERSTANDING THESE FUNDAMENTAL FACTORS REMAINS ESSENTIAL FOR CONDUCTING ROBUST AND INSIGHTFUL EMPIRICAL
ANALYSES.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE IMPACT OF SAMPLE SIZE ON THE SAMPLING VARIANCE OF THE OLS
ESTIMATOR IN SIMPLE AND MULTIPLE REGRESSION MODELS?

L ARGER SAMPLE SIZES TEND TO DECREASE THE SAMPLING VARIANCE OF THE OLS ESTIMATOR, LEADING TO MORE PRECISE
ESTIMATES. CONVERSELY, SMALLER SAMPLES INCREASE VARIANCE, REDUCING ESTIMATE RELIABILITY.

How DOES MULTICOLLINEARITY AMONG REGRESSORS AFFECT THE SAMPLING VARIANCE
oF OLS ESTIMATORS IN MULTIPLE REGRESSION?

MULTICOLLINEARITY INFLATES THE VARIANCE OF THE ESTIMATED COEFFICIENTS, MAKING THEM LESS PRECISE AND INCREASING THE
SAMPLING VARIANCE, WHICH CAN IMPAIR THE STATISTICAL SIGNIFICANCE OF PREDICTORS.

IN WHAT WAY DOES THE VARIANCE OF THE ERROR TERM INFLUENCE THE SAMPLING
VARIANCE oF OLS ESTIMATORS?

HIGHER VARIANCE IN THE ERROR TERM INCREASES THE SAMPLING VARIANCE OF THE OLS ESTIMATORS, RESULTING IN LESS PRECISE
COEFFICIENT ESTIMATES AND WIDER CONFIDENCE INTERVALS.



How DOES THE VARIABILITY OF THE INDEPENDENT VARIABLES AFFECT THE SAMPLING
VARIANCE IN REGRESSION MODELS?

GREATER VARIABILITY (HIGHER VARIANCE) IN THE INDEPENDENT VARIABLES REDUCES THE SAMPLING VARIANCE OF THE ESTIMATED
COEFFICIENTS, IMPROVING ESTIMATE PRECISION, WHEREAS LOW VARIABILITY INCREASES VARIANCE.

\W/HAT ROLE DOES THE MODEL SPECIFICATION PLAY IN INFLUENCING THE SAMPLING
VARIANCE OF OLS ESTIMATORS?

CORRECT MODEL SPECIFICATION, INCLUDING RELEVANT VARIABLES AND FUNCTIONAL FORM, REDUCES OMITTED VARIABLE BIAS
AND HELPS MINIMIZE THE SAMPLING VARIANCE, \WHEREAS MISSPECIFICATION CAN INFLATE VARIANCE ESTIMATES.

How DOES HETEROSKEDASTICITY IMPACT THE SAMPLING VARIANCE OF THE OLS
ESTIMATORS IN MULTIPLE REGRESSION?

HETEROSKEDASTICITY CAUSES THE VARIANCE OF THE ERROR TERMS TO VARY ACROSS OBSERVATIONS, WHICH CAN LEAD TO
INEFFICIENT ESTIMATES AND AFFECT THE ACCURACY OF THE ESTIMATED SAMPLING VARIANCE UNLESS CORRECTED.

WHY IS THE ASSUMPTION OF INDEPENDENCE OF OBSERVATIONS IMPORTANT FOR THE
SAMPLING VARIANCE ofF OLS ESTIMATORS?

INDEPENDENCE ENSURES THAT THE VARIANCE ESTIMATES ARE VALID, DEPENDENCE OR AUTOCORRELATION AMONG OBSERVATIONS
CAN INCREASE THE SAMPLING VARIANCE AND BIAS STANDARD ERROR ESTIMATES, UNDERMINING INFERENCE.

ADDITIONAL RESOURCES

FacTors THAT AFFECT THE SAMPLING V ARIANCE OF THE OLS EsTIMATOR IN THE SIMPLE AND MULTIPLE REGRESSION
MODELS

INTRODUCTION

IN ECONOMETRICS AND STATISTICAL ANALYSIS, UNDERSTANDING THE PROPERTIES OF ESTIMATORS IS FUNDAMENTAL TO DERIVING
RELIABLE INFERENCES. AMONG THESE, THE ORDINARY LEAST SQUARES (OLS) ESTIMATOR IS THE MOST WIDELY USED METHOD
FOR ESTIMATING THE PARAMETERS OF REGRESSION MODELS, WHETHER SIMPLE OR MULTIPLE. A CRUCIAL ASPECT THAT INFLUENCES
THE RELIABILITY OF OLS ESTIMATES IS THEIR SAMPLING VARIANCE. HIGH VARIANCE INDICATES THAT THE ESTIMATES COULD
FLUCTUATE SIGNIFICANTLY ACROSS DIFFERENT SAMPLES, THEREBY REDUCING THEIR PRECISION AND RELIABILITY. CONVERSELY,
LOW VARIANCE SUGGESTS MORE CONSISTENT ESTIMATES THAT BETTER REFLECT THE TRUE UNDERLYING RELATIONSHIPS.

THIS ARTICLE COMPREHENSIVELY EXAMINES THE VARIOUS FACTORS THAT AFFECT THE SAMPLING VARIANCE OF THE OLS

ESTIMATOR IN BOTH SIMPLE AND MULTIPLE REGRESSION MODELS. RECOGNIZING THESE FACTORS IS ESSENTIAL FOR RESEARCHERS
AND PRACTITIONERS AIMING TO DESIGN STUDIES THAT PRODUCE PRECISE AND TRUSTWORTHY ESTIMATES.

THe OLS EsTIMATOR AND ITS VARIANCE: AN OVERVIEW

BEFORE DELVING INTO THE FACTORS AFFECTING VARIANCE, A BRIEF OVERVIEW OF THE OLS ESTIMATOR AND ITS VARIANCE IS
NECESSARY.

THE BAsICc REGRESSION FRAMEW ORK

IN THE SIMPLE LINEAR REGRESSION MODEL:



\[v_1=\BeTa_ O+ \BeTa_1 x_1+ \varersiLon 1'\]

WHERE:

=\(v_1'\) IS THE DEPENDENT VARIABLE,

- \(x_1'\) IS THE INDEPENDENT VARIABLE,

-\(\eeTa_0, \BETA_ 1 \) ARE THE TRUE PARAMETERS,

- \( \VAREPSILON_I \) ARE THE ERROR TERMS, ASSUMED TO HAVE MEAN ZERO, CONSTANT VARIANCE, AND BE UNCORRELATED.
IN MULTIPLE REGRESSION:

\[v_1=\seTa_ O+ \eeTa_1x {11} +\seTa_2 x {12} + \poTs + \eeTa_k x_{ik} + \varersiLon_1\]

THe OLS ESTIMATORS AIM TO MINIMIZE THE SUM OF SQUARED RESIDUALS.

V ARIANCE OF THE OLS EsTIMATOR

THE SAMPLING VARIANCE OF THE ESTIMATED COEFFICIENT \( \HAT{\BeTA} J \) (sAY, For vAriABLE \( x_J \)) Is GIVEN BY:
\[ \operaTorRNAME{V ARI(\HAT{\BETA} J) = \siaMa”2 (X' X)"{-13_{w} \]

\WHERE!:

- \('\sIGMA™2 \) IS THE VARIANCE OF THE ERROR TERM,
-\( X '\) Is THE MATRIX OF INDEPENDENT VARIABLES (DESIGN MATRIX).

IN ESSENCE, THE VARIANCE DEPENDS ON THE TRUE VARIANCE OF ERRORS AND THE PROPERTIES OF THE DATA MATRIX \( X \)

CoRE FACTORS INFLUENCING THE SAMPLING V ARIANCE OF THE OLS ESTIMATOR

(UNDERSTANDING THE FACTORS AFFECTING THE VARIANCE INVOLVES ANALYZING BOTH THE STATISTICAL PROPERTIES OF THE
DATA AND THE MODELING ASSUMPTIONS.

1. VARIANCE oF THE Error TerM (\( \sicMA”2 \))

HOMOSCEDASTICITY AND ITS IMPACT

THE ASSUMPTION OF HOMOSCEDASTICITY—CONSTANT VARIANCE OF ERRORS ACROSS ALL LEVELS OF THE INDEPENDENT
VARIABLES—IS CENTRAL TO OLS PROPERTIES.

- HigHer errOR VARIANCE (\( \SIGMA"2 \)) DIRECTLY INCREASES THE VARIANCE OF THE ESTIMATOR.
- \W/HEN ERRORS ARE HETEROSCEDASTIC, THE VARIANCE OF THE OLS ESTIMATORS CAN BECOME UNPREDICTABLE, AND STANDARD

ERRORS MAY BE UNRELIABLE UNLESS CORRECTED.

IMPLICATION: REDUCING MEASUREMENT ERROR AND ENSURING MODEL ASSUMPTIONS HOLD MINIMIZES \( \siGMA™2 \) AND,
SUBSEQUENTLY, THE SAMPLING VARIANCE.

2. VARIABILITY AND DISTRIBUTION OF THE INDEPENDENT V ARIABLES

THE PROPERTIES OF THE REGRESSORS, ESPECIALLY THEIR VARIATION, ARE CRUCIAL.



2.1 VARIANCE OF THE REGRESSORS

- HiGHER VARIANCE IN THE INDEPENDENT VARIABLE (\( X \)) LEADS TO A SMALLER VARIANCE IN THE ESTIMATOR \(
\HAT{\BETA} 1 \).

- THIS IS BECAUSE A WIDER SPREAD IN \( X \) ALLOWS FOR MORE INFORMATION ABOUT ITS EFFECT oN \( v \).
MATHEMATICALLY, IN SIMPLE REGRESSION:

\[ \operaTorRNAME{V ARI(\HAT{\BETA} 1) = \FrAC{\sicMA"2}{\suM (x_I - \eAr{x})"2} \]

- AS THE DENOMINATOR INCREASES (MORE SPREAD IN \( X \)), THE VARIANCE DECREASES.

IN PRACTICE: COLLECTING DATA WITH A BROAD RANGE OF INDEPENDENT VARIABLE VALUES ENHANCES PRECISION.

2.2 MULTICOLLINEARITY IN MULTIPLE REGRESSION

- \W/HEN REGRESSORS ARE HIGHLY CORRELATED, THE VARIANCE OF COEFFICIENT ESTIMATES INFLATES.
- MULTICOLLINEARITY INFLATES THE DIAGONAL ELEMENTS OF \( (X"X)*{-1} \), INCREASING THE SAMPLING VARIANCE.

RESULT: PRECISE ESTIMATION BECOMES DIFFICULT, AND ESTIMATES BECOME UNSTABLE.

3. SampLe Size (\(n \))

- LARGER SAMPLE SIZES REDUCE THE VARIANCE OF THE ESTIMATOR BECAUSE:
\[ \operaTorRNAME{V ARI(\HAT{\BETA} J) \PrOPTO \FRAC{ T}HN} \]
- INcREASING \( N \) PROVIDES MORE INFORMATION, LEADING TO MORE PRECISE ESTIMATES.

PRACTICAL CONSIDERATION: INVESTING IN LARGER SAMPLES CAN SIGNIFICANTLY IMPROVE ESTIMATOR RELIABILITY, ESPECIALLY
WHEN OTHER FACTORS ARE FIXED.

4. DesIGN oF THE DATA COLLECTION AND THE DISTRIBUTION OF DATA
PoOINTS

THE DISTRIBUTION OF DATA POINTS ACROSS THE RANGE OF INDEPENDENT VARIABLES INFLUENCES VARIANCE.
4.7 DATA SPREAD AND LEVERAGE

- DATA POINTS WITH HIGH LEVERAGE (EXTREME VALUES OF \( X \)) CONTRIBUTE MORE TO THE ESTIMATION PROCESS.
- A WELL-DISTRIBUTED SAMPLE ACROSS THE INDEPENDENT VARIABLE'S RANGE REDUCES THE VARIANCE OF ESTIMATES.

4.2 MEASUREMENT OF V ARIABLES

- ACCURATE MEASUREMENT REDUCES THE NOISE IN THE DATA.
- MEASUREMENT ERROR IN INDEPENDENT VARIABLES INFLATES THE VARIANCE OF ESTIMATES.



5. MoDEL SPECIFICATION AND ASSUMPTIONS

5.1 CorrECT MODEL SPECIFICATION

- OMITTING RELEVANT VARIABLES CAUSES BIAS AND CAN INFLATE THE VARIANCE OF ESTIMATED COEFFICIENTS.
- INCLUDING IRRELEVANT VARIABLES MIGHT INCREASE VARIANCE WITHOUT IMPROVING BIAS, THUS REDUCING OVERALL
ESTIMATOR EFFICIENCY.

5.2 ErrOrR TERM ASSUMPTIONS

- VIOLATIONS OF ASSUMPTIONS LIKE INDEPENDENCE, NORMALITY, AND HOMOSCEDASTICITY CAN IMPACT THE ESTIMATED
VARIANCE, ESPECIALLY IN SMALL SAMPLES.

6. THE EFFecT oF CORRELATION AMONG REGRESSORS IN MULTIPLE
REGRESSION

IN MULTIPLE REGRESSION, THE CORRELATION STRUCTURE AMONG REGRESSORS SIGNIFICANTLY IMPACTS THE SAMPLING VARIANCES:

- HIGH CORRELATION (MULTICOLLINEARITY)Z INFLATES VARIANCES.
- LOW CORRELATION: PROMOTES MORE PRECISE ESTIMATES.

THE VARIANCE INFLATION FACTOR (VIF) QUANTIFIES MULTICOLLINEARITY'S EFFECT.

PRACTICAL IMPLICATIONS AND STRATEGIES TO MINIMIZE V ARIANCE
RECOGNIZING THE FACTORS THAT INFLUENCE SAMPLING VARIANCE INFORMS STRATEGIES TO IMPROVE ESTIMATOR PRECISION:

- INCREASE SAMPLE SIZE: MORE DATA POINTS REDUCE VARIANCE.

- ENSURE VARIABILITY IN REGRESSORS: COLLECT DATA ACROSS A BROAD RANGE OF \( X \) VALUES.

- REDUCE MEASUREMENT ERROR: [USE PRECISE INSTRUMENTS AND DATA COLLECTION METHODS.

- ADDRESS MULTICOLLINEARITY: USE VARIABLE SELECTION OR DIMENSIONALITY REDUCTION TECHNIQUES.
- MODEL CORRECTLY: INCLUDE ALL RELEVANT VARIABLES AND TEST ASSUMPTIONS.

- DESIGN STUDIES CAREFULLY: ENSURE DATA IS REPRESENTATIVE AND WELL-DISTRIBUTED.

CoNCLUSION

THE SAMPLING VARIANCE OF THE OLS ESTIMATOR IS A CRITICAL MEASURE OF THE ESTIMATOR’S RELIABILITY AND INFLUENCES
CONFIDENCE INTERVALS AND HYPOTHESIS TESTING OUTCOMES. |T IS AFFECTED BY A CONFLUENCE OF FACTORS, INCLUDING THE
INHERENT VARIABILITY OF THE ERROR TERMS, THE DISTRIBUTION AND VARIANCE OF INDEPENDENT VARIABLES, SAMPLE SIZE, MODEL
SPECIFICATION, AND MULTICOLLINEARITY AMONG REGRESSORS.

FOR RESEARCHERS AND PRACTITIONERS, UNDERSTANDING THESE FACTORS ALLOWS FOR DELIBERATE STUDY DESIGN, DATA
COLLECTION, AND ANALYSIS STRATEGIES AIMED AT MINIMIZING VARIANCE AND MAXIMIZING THE PRECISION OF ESTIMATED
RELATIONSHIPS. AS THE LANDSCAPE OF ECONOMETRIC ANALYSIS EVOLVES, SO TOO DOES THE IMPORTANCE OF METICULOUS
ATTENTION TO THESE FUNDAMENTAL FACTORS, ENSURING THAT INFERENCES DRAWN FROM MODELS ARE BOTH ROBUST AND
CREDIBLE.
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NoTE: THIS REVIEW ARTICLE PROVIDES A COMPREHENSIVE OVERVIEW AIMED AT SCHOLARS AND PRACTITIONERS SEEKING A DEEPER
UNDERSTANDING OF THE DYNAMICS INFLUENCING THE SAMPLING VARIANCE OF OLS ESTIMATORS IN BOTH SIMPLE AND MULTIPLE
REGRESSION CONTEXTS.
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