CORE STATISTICAL CONCEPTS

UNPACKING THE PiLLARS: A Deep Dive INTo Core STATISTICAL CONCEPTS

CORE STATISTICAL CONCEPTS FORM THE BEDROCK OF UNDERSTANDING DATA, ENABLING US TO MAKE SENSE OF THE WORLD
AROUND US, FROM SCIENTIFIC RESEARCH TO EVERYDAY DECISION-MAKING. \W/HETHER YOU'RE A STUDENT, A PROFESSIONAL, OR
SIMPLY CURIOUS ABOUT HOW NUMBERS TELL STORIES, A SOLID GRASP OF THESE FUNDAMENTAL IDEAS IS INVALUABLE. THIS
COMPREHENSIVE EXPLORATION WILL DEMYSTIFY KEY STATISTICAL PRINCIPLES, COVERING EVERYTHING FROM THE BASICS OF DATA
DESCRIPTION TO INFERENTIAL LEAPS AND THE CRUCIAL ROLE OF PROBABILITY. WE'LL DELVE INTO MEASURES OF CENTRAL
TENDENCY, DISPERSION, DATA VISUALIZATION, HYPOTHESIS TESTING, AND THE NUANCES OF CORRELATION AND REGRESSION,
EQUIPPING YOU WITH THE KNOWLEDGE TO CRITICALLY ANALYZE INFORMATION AND DRAW MEANINGFUL CONCLUSIONS.
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UNDERSTANDING DATA TYPES AND MEASUREMENT SCALES

BEFORE WE CAN EVEN BEGIN TO ANALYZE DATA, IT’S ESSENTIAL TO UNDERSTAND WHAT KIND OF DATA WE'RE WORKING WITH.
NOT ALL DATA IS CREATED EQUAL, AND THE TYPE OF DATA DICTATES THE STATISTICAL METHODS WE CAN USE. THINK OF IT
LIKE TRYING TO MEASURE THE LENGTH OF A RACE WITH A THERMOMETER — IT JUST DOESN'T FIT.

QUALITATIVE VS. QUANTITATIVE DATA

AT THE HIGHEST LEVEL, DATA CAN BE BROADLY CATEGORIZED INTO TWO MAIN TYPES: QUALITATIVE AND QUANTITATIVE.
QUALITATIVE DATA, ALSO KNOWN AS CATEGORICAL DATA, DESCRIBES QUALITIES OR CHARACTERISTICS THAT CANNOT BE
MEASURED NUMERICALLY. T ANSWERS QUESTIONS LIKE “\W/HAT COLOR IS IT?” OR “\WHICH CATEGORY DOES IT BELONG TO?”
FOR INSTANCE, HAIR COLOR, POLITICAL AFFILIATION, OR CUSTOMER SATISFACTION RATINGS (LIKE “POOR,” “GooD,”
“EXCELLENT”) ARE ALL EXAMPLES OF QUALITATIVE DATA.

QUANTITATIVE DATA, ON THE OTHER HAND, DEALS WITH NUMBERS AND CAN BE MEASURED. |T ANSWERS QUESTIONS LIKE “How
MUCH?” orR “How MANY?” THIS TYPE OF DATA CAN BE FURTHER DIVIDED INTO DISCRETE AND CONTINUOUS. DISCRETE
QUANTITATIVE DATA ARISES FROM COUNTING AND CAN ONLY TAKE ON SPECIFIC, SEPARATE VALUES, SUCH AS THE NUMBER OF
CARS IN A PARKING LOT OR THE NUMBER OF HEADS WHEN FLIPPING A COIN MULTIPLE TIMES. CONTINUOUS QUANTITATIVE DATA,
HOWEVER, CAN TAKE ON ANY VALUE WITHIN A GIVEN RANGE, OFTEN WITH INFINITE POSSIBILITIES BETWEEN ANY TWO NUMBERS,
LIKE A PERSON'S HEIGHT, TEMPERATURE, OR THE EXACT TIME IT TAKES TO COMPLETE A TASK.

LEVELS OF MEASUREMENT SCALES

W/ ITHIN THESE BROAD CATEGORIES, DATA IS ALSO CLASSIFIED BY ITS LEVEL OF MEASUREMENT. THESE SCALES DETERMINE THE
MATHEMATICAL OPERATIONS THAT ARE APPROPRIATE AND THE KINDS OF INSIGHTS WE CAN DERIVE.

NOMINAL SCALE

THE NOMINAL SCALE IS THE SIMPLEST LEVEL OF MEASUREMENT. DATA AT THIS LEVEL IS PURELY FOR CATEGORIZATION OR NAMING
PURPOSES, WITH NO INHERENT ORDER OR RANKING. THINK OF ASSIGNING NUMBERS TO TEAMS IN A SPORTS LEAGUE — TEAM 1 IS
NOT INHERENTLY BETTER THAN TEAM 2. EXAMPLES INCLUDE GENDER, MARITAL STATUS, OR TYPES OF FRUITS. THE ONLY
OPERATION POSSIBLE IS COUNTING THE FREQUENCY OF EACH CATEGORY.

ORDINAL SCALE

THE ORDINAL SCALE INTRODUCES AN ORDER OR RANKING TO THE DATA, BUT THE DIFFERENCES BETWEEN THE RANKS ARE NOT
NECESSARILY EQUAL OR QUANTIFIABLE. IMAGINE A SURVEY ASKING ABOUT SATISFACTION LEVELS: “VErY DISSATISFIED/”
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DissaTisFiED,” "NEUTRAL,” "SATISFIED,” “VERY SATISFIED.” WE KNOW THAT " VERY SATISFIED” IS BETTER THAN
"SATISFIED,” BUT WE CAN'T SAY HOW MUCH BETTER. THE DISTANCE BETWEEN “DISSATISFIED” AND “NEUTRAL” MIGHT NOT BE
THE SAME AS THE DISTANCE BETWEEN “NEUTRAL” AND “SATISFIED.”

INTERVAL SCALE

DATA MEASURED ON AN INTERVAL SCALE HAS AN ORDER, AND THE DIFFERENCES BETWEEN CONSECUTIVE VALUES ARE EQUAL AND
MEANINGFUL. A CLASSIC EXAMPLE IS TEMPERATURE MEASURED IN CELSIUS OR FAHRENHEIT. THE DIFFERENCE BETWEEN 10°C AND
20°C IS THE SAME AS THE DIFFERENCE BETWEEN 30°C AND 40°C. HOWEVER, INTERVAL SCALES LACK A TRUE ZERO POINT.
ZERO DEGREES CELSIUS DOESN'T MEAN THE ABSENCE OF TEMPERATURE; IT'S JUST A POINT ON THE SCALE. THIS MEANS WE
CANNOT PERFORM MEANINGFUL RATIO CALCULATIONS (€.G., 20°C Is NOT “TwICE AS HOT” As 10°C).

RATIO SCALE

THE RATIO SCALE IS THE MOST INFORMATIVE LEVEL OF MEASUREMENT. |T POSSESSES ALL THE CHARACTERISTICS OF AN
INTERVAL SCALE (ORDER AND EQUAL INTERVALS) PLUS A TRUE, MEANINGFUL ZERO POINT. THIS TRUE ZERO SIGNIFIES THE
ABSENCE OF THE QUANTITY BEING MEASURED. HEIGHT/ WEIGHT, AGE, AND INCOME ARE ALL MEASURED ON A RATIO SCALE.
BECAUSE THERE'S A TRUE ZERO, WE CAN PERFORM ALL MATHEMATICAL OPERATIONS, INCLUDING MULTIPLICATION AND DIVISION,
AND MAKE RATIO COMPARISONS (E.G., SOMEONE WHO IS & FEET TALL IS TWICE AS TALL AS SOMEONE WHO IS 3 FEET TALL).

DESCRIPTIVE STATISTICS: SUMMARIZING YOUR DATA

ONCE WE HAVE OUR DATA, THE FIRST STEP IN ANALYSIS IS OFTEN TO SUMMARIZE AND DESCRIBE ITS MAIN FEATURES.
DESCRIPTIVE STATISTICS PROVIDE A CONCISE OVERVIEW OF THE DATASET, HIGHLIGHTING ITS CENTRAL TENDENCIES,
VARIABILITY, AND OVERALL SHAPE.

MEASURES OF CENTRAL TENDENCY

MEASURES OF CENTRAL TENDENCY TELL US ABOUT THE “TYPICAL” VALUE IN A DATASET. THEY AIM TO REPRESENT THE
DATASET WITH A SINGLE NUMBER.

MEAN

THE MEAN, OFTEN REFERRED TO AS THE AVERAGE, IS CALCULATED BY SUMMING ALL THE VALUES IN A DATASET AND DIVIDING BY
THE TOTAL NUMBER OF VALUES. |T'S A WIDELY USED MEASURE BUT CAN BE SENSITIVE TO OUTLIERS — EXTREME VALUES THAT
CAN SKEW THE MEAN. FOR EXAMPLE, IF YOU HAVE SALARIES oF $40,000, $50,000, $60,000, ano $1,000,000, THe
MEAN SALARY WILL BE HEAVILY INFLUENCED BY THAT ONE HIGH OUTLIER.

MEDIAN

THE MEDIAN IS THE MIDDLE VALUE IN A DATASET THAT HAS BEEN ORDERED FROM LEAST TO GREATEST. IF THERE'S AN EVEN
NUMBER OF DATA POINTS, THE MEDIAN IS THE AVERAGE OF THE TWO MIDDLE VALUES. THE MEDIAN IS LESS AFFECTED BY
OUTLIERS THAN THE MEAN, MAKING IT A MORE ROBUST MEASURE FOR SKEWED DATA. IN OUR SALARY EXAMPLE, THE MEDIAN
WouULD BE THE AVERAGE oF $50,000 anp $60,000, wHicH 1s $55,000, A MUCH MORE REPRESENTATIVE FIGURE OF THE
TYPICAL SALARY.

MobEe

THE MODE IS THE VALUE THAT APPEARS MOST FREQUENTLY IN A DATASET. A DATASET CAN HAVE ONE MODE (UNIMODAL)/
MORE THAN ONE MODE (MULTIMODAL), OR NO MODE AT ALL IF ALL VALUES APPEAR WITH THE SAME FREQUENCY. THE MODE IS
PARTICULARLY USEFUL FOR CATEGORICAL DATA, SUCH AS IDENTIFYING THE MOST COMMON COLOR OF CAR SOLD OR THE MOST
FREQUENT RESPONSE TO A SURVEY QUESTION.

MeASURES oOF DisPersION (V ARIABILITY)
\WHILE CENTRAL TENDENCY TELLS US ABOUT THE CENTER OF THE DATA, MEASURES OF DISPERSION TELL US HOW SPREAD OUT

THE DATA IS. A DATASET WITH LOW DISPERSION HAS VALUES THAT ARE CLUSTERED CLOSELY TOGETHER, WHILE A DATASET
WITH HIGH DISPERSION HAS VALUES THAT ARE MORE SPREAD OUT.



RANGE

THE RANGE IS THE SIMPLEST MEASURE OF DISPERSION, CALCULATED BY SUBTRACTING THE MINIMUM VALUE FROM THE MAXIMUM
VALUE IN A DATASET. WHILE EASY TO COMPUTE, IT'S HIGHLY SENSITIVE TO OUTLIERS, JUST LIKE THE MEAN. A SINGLE EXTREME
VALUE CAN MAKE THE RANGE APPEAR MUCH LARGER THAN IT ACTUALLY IS FOR THE BULK OF THE DATA.

V ARIANCE
V ARIANCE MEASURES THE AVERAGE SQUARED DIFFERENCE OF EACH DATA POINT FROM THE MEAN. IT TELLS US, ON AVERAGE,
HOW FAR EACH OBSERVATION IS FROM THE MEAN. SQUARING THE DIFFERENCES ENSURES THAT ALL VALUES ARE POSITIVE AND
GIVES MORE WEIGHT TO LARGER DEVIATIONS. HOWEVER, THE UNIT OF VARIANCE IS THE SQUARE OF THE ORIGINAL DATA'S UNIT,
MAKING IT DIFFICULT TO INTERPRET DIRECTLY.
STANDARD DEVIATION
THE STANDARD DEVIATION IS THE SQUARE ROOT OF THE VARIANCE. THIS BRINGS THE MEASURE BACK INTO THE ORIGINAL UNITS
OF THE DATA, MAKING IT MUCH MORE INTERPRETABLE. A SMALL STANDARD DEVIATION INDICATES THAT DATA POINTS ARE
GENERALLY CLOSE TO THE MEAN, WHILE A LARGE STANDARD DEVIATION SUGGESTS THAT DATA POINTS ARE SPREAD OUT OVER
A WIDER RANGE OF VALUES. IT'S A CORNERSTONE FOR UNDERSTANDING THE SPREAD OF DATA IN MANY STATISTICAL ANALYSES.
DATA VISUALIZATION
VISUALIZING DATA IS CRUCIAL FOR UNDERSTANDING ITS PATTERNS, TRENDS, AND OUTLIERS. V ARIOUS CHARTS AND GRAPHS CAN
EFFECTIVELY COMMUNICATE COMPLEX INFORMATION.

¢ HISTOGRAMS: USED FOR DISPLAYING THE DISTRIBUTION OF NUMERICAL DATA, SHOWING THE FREQUENCY OF DATA

POINTS WITHIN SPECIFIC INTERVALS OR “BINS.”

o BAR CHARTS: IDEAL FOR COMPARING CATEGORICAL DATA, WHERE THE HEIGHT OF EACH BAR REPRESENTS THE FREQUENCY
OR PROPORTION OF A CATEGORY.

* Box PLOTS (Box-AND-WHISKER PLOTS): EXCELLENT FOR VISUALIZING THE DISTRIBUTION OF NUMERICAL DATA,
INCLUDING THE MEDIAN, QUARTILES, AND POTENTIAL OUTLIERS. THEY PROVIDE A QUICK SUMMARY OF THE SPREAD AND

SKEWNESS OF A DATASET.

® SCATTER PLOTS: USED TO SHOW THE RELATIONSHIP BETWEEN TWO NUMERICAL VARIABLES, WITH EACH POINT
REPRESENTING A PAIR OF VALUES.

INFERENTIAL STATISTICS: MAKING EDUCATED GUESSES

DESCRIPTIVE STATISTICS HELP US UNDERSTAND THE DATA WE HAVE. INFERENTIAL STATISTICS, ON THE OTHER HAND, ALLOW US
TO USE A SAMPLE OF DATA TO MAKE GENERALIZATIONS OR PREDICTIONS ABOUT A LARGER POPULATION FROM WHICH THE
SAMPLE WAS DRAWN. THIS IS WHERE WE MOVE FROM DESCRIBING TO INFERRING.

SAMPLING

THE PROCESS OF SELECTING A SUBSET OF INDIVIDUALS OR OBSERVATIONS FROM A LARGER POPULATION IS CALLED SAMPLING. A
REPRESENTATIVE SAMPLE IS CRUCIAL FOR MAKING VALID INFERENCES. |IF YOUR SAMPLE DOESN'T ACCURATELY REFLECT THE
POPULATION, YOUR CONCLUSIONS WILL BE FLAWED.

PROBABILITY SAMPLING

IN PROBABILITY SAMPLING, EVERY MEMBER OF THE POPULATION HAS A KNOWN, NON-ZERO CHANCE OF BEING SELECTED. THis
HELPS TO MINIMIZE BIAS. COMMON TYPES INCLUDE SIMPLE RANDOM SAMPLING, STRATIFIED SAMPLING, AND CLUSTER SAMPLING.

NoN-PROBABILITY SAMPLING



IN NON-PROBABILITY SAMPLING, THE SELECTION OF INDIVIDUALS IS NOT RANDOM. THIS CAN INTRODUCE BIAS, AND INFERENCES
MADE FROM SUCH SAMPLES ARE LESS RELIABLE. CONVENIENCE SAMPLING AND SNOWBALL SAMPLING ARE EXAMPLES.

EsTIMATION

ESTIMATION INVOLVES USING SAMPLE DATA TO ESTIMATE POPULATION PARAMETERS, SUCH AS THE POPULATION MEAN OR
PROPORTION.

POINT ESTIMATES

A POINT ESTIMATE IS A SINGLE VALUE THAT SERVES AS THE “BEST GUESS” FOR A POPULATION PARAMETER. FOR EXAMPLE, THE
SAMPLE MEAN CAN BE USED AS A POINT ESTIMATE FOR THE POPULATION MEAN.

INTERVAL EsTIMATES (CONFIDENCE INTERVALS)
A CONFIDENCE INTERVAL PROVIDES A RANGE OF VALUES WITHIN WHICH A POPULATION PARAMETER IS LIKELY TO LIE, WITH A
CERTAIN LEVEL OF CONFIDENCE. FOR INSTANCE, A 95% CONFIDENCE INTERVAL FOR THE MEAN MIGHT BE STATED AS “WE ARE
959, CONFIDENT THAT THE TRUE POPULATION MEAN FALLS BETWEEN X AND Y.” THIS ACKNOWLEDGES THE UNCERTAINTY
INHERENT IN SAMPLING.
ProBABILITY: THE LANGUAGE OF CHANCE
PROBABILITY IS THE MATHEMATICAL FRAMEWORK FOR QUANTIFYING UNCERTAINTY. |T DEALS WITH THE LIKELIHOOD OF AN EVENT
OCCURRING. UNDERSTANDING PROBABILITY IS FUNDAMENTAL TO INFERENTIAL STATISTICS, AS IT UNDERPINS CONCEPTS LIKE
HYPOTHESIS TESTING AND CONFIDENCE INTERVALS.
Basic ProABILITY CONCEPTS
THE PROBABILITY OF AN EVENT IS TYPICALLY EXPRESSED AS A NUMBER BETWEEN O AND 1, INCLUSIVE. A PROBABILITY OF O
MEANS THE EVENT IS IMPOSSIBLE, WHILE A PROBABILITY OF 1 MEANS THE EVENT IS CERTAIN.

® SAMPLE SPACE: THE SET OF ALL POSSIBLE OUTCOMES OF AN EXPERIMENT OR RANDOM PROCESS. FOR EXAMPLE, WHEN

FLIPPING A COIN, THE SAMPLE SPACE IS {HEADS, TAILS}.

o EVENT: A SUBSET OF THE SAMPLE SPACE, REPRESENTING A SPECIFIC OUTCOME OR SET OF OUTCOMES. FOR INSTANCE,
"GETTING HEADS" IS AN EVENT.

* |INDEPENDENT EVENTS: EVENTS WHOSE OCCURRENCE DOES NOT AFFECT THE PROBABILITY OF OTHER EVENTS OCCURRING.
FLIPPING A COIN MULTIPLE TIMES RESULTS IN INDEPENDENT EVENTS.

o DEPENDENT EVENTS: EVENTS WHERE THE OUTCOME OF ONE EVENT INFLUENCES THE PROBABILITY OF ANOTHER. DRAWING
CARDS FROM A DECK WITHOUT REPLACEMENT ARE DEPENDENT EVENTS.

PROBABILITY DISTRIBUTIONS

PROBABILITY DISTRIBUTIONS DESCRIBE THE LIKELIHOOD OF DIFFERENT OUTCOMES FOR A RANDOM VARIABLE. THEY ARE ESSENTIAL
TOOLS FOR MODELING AND ANALYZING DATA.

THE NoRMAL DISTRIBUTION

THE NORMAL DISTRIBUTION, ALSO KNOWN AS THE GAUSSIAN DISTRIBUTION OR BELL CURVE, IS ONE OF THE MOST IMPORTANT
PROBABILITY DISTRIBUTIONS. MANY NATURAL PHENOMENA, SUCH AS HEIGHTS, BLOOD PRESSURE, AND MEASUREMENT ERRORS,
TEND TO FOLLOW A NORMAL DISTRIBUTION. |T'S CHARACTERIZED BY ITS SYMMETRICAL, BELL-SHAPED CURVE, WITH THE MEAN,

MEDIAN, AND MODE ALL COINCIDING AT THE CENTER.

THE BINOMIAL DISTRIBUTION



THE BINOMIAL DISTRIBUTION IS USED TO MODEL THE PROBARBILITY OF A CERTAIN NUMBER OF SUCCESSES IN A FIXED NUMBER OF
INDEPENDENT BERNOULLI TRIALS (TRIALS WITH ONLY TWO POSSIBLE OUTCOMES, LIKE SUCCESS OR FAILURE). For EXAMPLE, IT
COULD BE USED TO CALCULATE THE PROBABILITY OF GETTING EXACTLY 3 HEADS IN 5 COIN FLIPS.

HYPOTHESIS TESTING: PROVING OR DISPROVING IDEAS

HYPOTHESIS TESTING IS A FORMAL PROCEDURE FOR DECIDING WHETHER SAMPLE DATA SUPPORTS A PARTICULAR CLAIM OR
HYPOTHESIS ABOUT A POPULATION. |T°S A CORNERSTONE OF SCIENTIFIC RESEARCH AND DATA-DRIVEN DECISION-MAKING.

FORMULATING HYPOTHESES

THE PROCESS BEGINS WITH FORMULATING TWO COMPETING HYPOTHESES:

NuLL HypoTHesis ($H_0$)

THE NULL HYPOTHESIS IS A STATEMENT OF NO EFFECT OR NO DIFFERENCE. |T'S THE DEFAULT ASSUMPTION THAT WE TRY TO FIND
EVIDENCE AGAINST. FOR EXAMPLE, “$H_0%$: THE AVERAGE HEIGHT OF MeN IS 5 FEET 10 INCHES.”

ALTERNATIVE HYPoTHESIS ($H_1% or $H_A$)

THE ALTERNATIVE HYPOTHESIS IS WHAT WE SUSPECT MIGHT BE TRUE IF THE NULL HYPOTHESIS IS FALSE. [T REPRESENTS AN
EFFECT OR A DIFFERENCE. FOR EXAMPLE, “$H_ 1$: THE AVERAGE HEIGHT OF MeN IS NOT 5 FEeT 10 INCHES” (A TWO-TAILED
TEST), oR “$H_14$: THE AVERAGE HEIGHT OF MEN IS GREATER THAN 5 FEET 10 INCHES” (A ONE-TAILED TEST).

THE PROCESS OF HYPOTHESIS TESTING

HYPOTHESIS TESTING INVOLVES A SERIES OF STEPS DESIGNED TO OBJECTIVELY EVALUATE THE EVIDENCE:

1. STATE THE NULL AND ALTERNATIVE HYPOTHESES.
2. COLLECT SAMPLE DATA.

3. CALCULATE A TEST STATISTIC BASED ON THE SAMPLE DATA. THIS STATISTIC MEASURES HOW FAR OUR SAMPLE
RESULTS DEVIATE FROM WHAT THE NULL HYPOTHESIS WOULD PREDICT.

4. DETERMINE THE P-VALUE. THE P-VALUE IS THE PROBABILITY OF OBSERVING TEST RESULTS AS EXTREME AS, OR MORE
EXTREME THAN, THOSE OBSERVED, ASSUMING THE NULL HYPOTHESIS IS TRUE.

5. MAKE A DECISION. |F THE P-VALUE IS LESS THAN A PREDETERMINED SIGNIFICANCE LEVEL (ALPHA, TYPICALLY 005), WE

REJECT THE NULL HYPOTHESIS IN FAVOR OF THE ALTERNATIVE. IF THE P-VALUE IS GREATER THAN ALPHA, WE FAIL TO
REJECT THE NULL HYPOTHESIS.

TvyPES OF ERRORS
IN HYPOTHESIS TESTING/ THERE/S ALWAYS A POSSIBILITY OF MAKING AN INCORRECT DECISION.
o Tvpe | ERROR (FALSE POSITIVE): REJECTING THE NULL HYPOTHESIS WHEN IT IS ACTUALLY TRUE. THE PROBABILITY OF
THIS ERROR IS DENOTED BY ALPHA ($\ALPHA$), THE SIGNIFICANCE LEVEL.

o TvpEe || ERROR (FALSE NEGATIVE): FAILING TO REJECT THE NULL HYPOTHESIS WHEN IT IS ACTUALLY FALSE. THE
PROBABILITY OF THIS ERROR IS DENOTED BY BETA ($\BETAS).

CORRELATION AND REGRESSION: EXPLORING RELATIONSHIPS



CORRELATION AND REGRESSION ARE POWERFUL TOOLS FOR UNDERSTANDING HOW DIFFERENT VARIABLES RELATE TO EACH OTHER.
THEY HELP US UNCOVER PATTERNS AND MAKE PREDICTIONS BASED ON THESE RELATIONSHIPS.

CORRELATION

CORRELATION MEASURES THE STRENGTH AND DIRECTION OF A LINEAR RELATIONSHIP BETWEEN TWO QUANTITATIVE VARIABLES.
[T DOES NOT IMPLY CAUSATION, ONLY ASSOCIATION.

PeARSON CorrELATION COEFFICIENT (R)
THE PEARSON CORRELATION COEFFICIENT, DENOTED BY ‘R’, RANGES FROM -1 TO +1.

® R =+1:PERFECT POSITIVE LINEAR CORRELATION (AS ONE VARIABLE INCREASES, THE OTHER INCREASES
PROPORTIONALLY).

e R =-1: PERFECT NEGATIVE LINEAR CORRELATION (AS ONE VARIABLE INCREASES, THE OTHER DECREASES
PROPORTIONALLY ).

e R = (0: NO LINEAR CORRELATION.

V ALUES CLOSE TO + 1 OR - 1 INDICATE A STRONG LINEAR RELATIONSHIP, WHILE VALUES CLOSE TO 0O SUGGEST A WEAK OR NO
LINEAR RELATIONSHIP.

REGRESSION ANALYSIS

REGRESSION ANALYSIS GOES A STEP FURTHER THAN CORRELATION BY ATTEMPTING TO MODEL THE RELATIONSHIP BETWEEN
VARIABLES AND TO PREDICT THE VALUE OF ONE VARIABLE (THE DEPENDENT VARIABLE) BASED ON THE VALUE OF ONE OR MORE
OTHER VARIABLES (THE INDEPENDENT VARIABLES).

SiMPLE LINEAR REGRESSION

THIS INVOLVES ONE INDEPENDENT VARIABLE AND ONE DEPENDENT VARIABLE, ASSUMING A LINEAR RELATIONSHIP BETWEEN THEM.
THE MODEL IS REPRESENTED BY THE EQUATION: $Y = \BeTA_O + \BeTA_ 1X + \ePSILON$, WHERE $Y'$ IS THE DEPENDENT
VARIABLE, $X$ IS THE INDEPENDENT VARIABLE, $\BETA_0% IS THE Y-INTERCEPT, $\BETA_ 1% IS THE SLOPE (REPRESENTING THE
CHANGE IN Y FOR A ONE-UNIT CHANGE IN X), AND $\EPSILON$ IS THE ERROR TERM.

MULTIPLE LINEAR REGRESSION

THIS EXTENDS SIMPLE LINEAR REGRESSION TO INCLUDE TWO OR MORE INDEPENDENT VARIABLES. THE EQUATION BECOMES: $Y =
\BeTA_O + \BeTa_1X_ 1+ \BeTA_2X_2 + .. + \BeETA_NX_N + \EPSILON$, ALLOWING FOR A MORE COMPLEX MODELING OF
RELATIONSHIPS WHERE MULTIPLE FACTORS INFLUENCE AN OUTCOME.

(UNDERSTANDING THESE CORE STATISTICAL CONCEPTS PROVIDES A ROBUST FRAMEWORK FOR NAVIGATING THE DATA-RICH
LANDSCAPE OF THE MODERN WORLD. FROM INITIAL DATA DESCRIPTION TO DRAWING COMPLEX INFERENCES, EACH CONCEPT BUILDS
UPON THE LAST, OFFERING A DEEPER AND MORE NUANCED PERSPECTIVE ON NUMERICAL INFORMATION. MASTERING THESE PRINCIPLES
EMPOWERS YOU TO NOT JUST CONSUME DATA, BUT TO CRITICALLY EVALUATE IT AND EVEN HARNESS ITS POTENTIAL FOR
INSIGHTFUL ANALYSIS AND INFORMED DECISION-MAKING. THE JOURNEY THROUGH STATISTICS IS ONE OF CONTINUOUS LEARNING,
AND THESE FUNDAMENTAL BUILDING BLOCKS ARE YOUR ESSENTIAL STARTING POINT.

FAQ

Q: \WHAT IS THE MOST FUNDAMENTAL STATISTICAL CONCEPT TO UNDERSTAND FIRST?

A: THE MOST FUNDAMENTAL CONCEPT IS UNDERSTANDING DATA TYPES AND MEASUREMENT SCALES. BEFORE YOU CAN ANALYZE
DATA, YOU NEED TO KNOW WHAT KIND OF DATA YOU HAVE, AS THIS DICTATES THE APPROPRIATE STATISTICAL METHODS YOU
CAN USE.



QI \WHY IS THE STANDARD DEVIATION CONSIDERED MORE USEFUL THAN VARIANCE?

A: THE STANDARD DEVIATION IS CONSIDERED MORE USEFUL BECAUSE IT IS EXPRESSED IN THE SAME UNITS AS THE ORIGINAL DATA.
THIS MAKES IT MUCH EASIER TO INTERPRET THE SPREAD OF THE DATA IN A REAL-WORLD CONTEXT COMPARED TO VARIANCE,
WHICH IS IN SQUARED UNITS.

Q: CAN CORRELATION PROVE CAUSATION?

A: NO, CORRELATION DOES NOT IMPLY CAUSATION.JUST BECAUSE TWO VARIABLES MOVE TOGETHER DOES NOT MEAN THAT
ONE CAUSES THE OTHER. THERE MIGHT BE A THIRD, UNOBSERVED VARIABLE INFLUENCING BOTH, OR THE RELATIONSHIP COULD BE
PURELY COINCIDENTAL.

QI \NWHAT IS THE ROLE OF PROBABILITY IN INFERENTIAL STATISTICS?

A: PROBABILITY IS THE LANGUAGE OF UNCERTAINTY IN INFERENTIAL STATISTICS. |T ALLOWS US TO QUANTIFY THE LIKELIHOOD
OF OBTAINING OUR SAMPLE RESULTS IF THE NULL HYPOTHESIS WERE TRUE (P‘VALUE) AND TO EXPRESS OUR CONFIDENCE IN
ESTIMATES ABOUT A POPULATION (CONFIDENCE INTERVALS).

Q: WHEN WOULD | USE A MEDIAN INSTEAD OF A MEAN?

A: YOoU WOULD TYPICALLY USE A MEDIAN WHEN YOUR DATA IS SKEWED OR CONTAINS OUTLIERS. THE MEDIAN IS LESS SENSITIVE
TO EXTREME VALUES THAN THE MEAN, PROVIDING A MORE REPRESENTATIVE MEASURE OF THE CENTRAL TENDENCY IN SUCH CASES.

Q: \WHAT IS A P-VALUE IN HYPOTHESIS TESTING?

A: A P-VALUE IS THE PROBABILITY OF OBSERVING SAMPLE DATA THAT IS AT LEAST AS EXTREME AS WHAT YOU OBSERVED,
ASSUMING THAT THE NULL HYPOTHESIS IS TRUE. A LOW P-VALUE (TYPICALLY LESS THAN 005) SUGGESTS THAT YOUR
OBSERVED DATA IS UNLIKELY TO HAVE OCCURRED BY CHANCE ALONE IF THE NULL HYPOTHESIS WERE TRUE, LEADING YOU TO
REJECT THE NULL HYPOTHESIS.
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