DATA SCIENCE FOUNDATIONAL STATISTICAL KNOWLEDGE

DATA SCIENCE FOUNDATIONAL STATISTICAL KNOWLEDGE IS THE BEDROCK UPON WHICH ROBUST AND INSIGHTFUL DATA-DRIVEN
DECISIONS ARE BUILT. IN TODAY'S DATA-RICH WORLD, UNDERSTANDING STATISTICAL PRINCIPLES ISNITJUST AN ADVANTAGE;
IT'S A NECESSITY FOR ANYONE ASPIRING TO EXCEL IN DATA SCIENCE. THIS ARTICLE WILL DEMYSTIFY THE ESSENTIAL
STATISTICAL CONCEPTS THAT EMPOWER DATA SCIENTISTS TO ANALYZE, INTERPRET, AND DRAW MEANINGFUL CONCLUSIONS
FROM COMPLEX DATASETS. WE'LL DELVE INTO DESCRIPTIVE STATISTICS FOR SUMMARIZING DATA, INFERENTIAL STATISTICS FOR
MAKING PREDICTIONS AND GENERALIZATIONS, PROBABILITY THEORY AS THE LANGUAGE OF UNCERTAINTY, AND HYPOTHESIS
TESTING FOR VALIDATING ASSUMPTIONS. FURTHERMORE, WE'LL EXPLORE THE SIGNIFICANCE OF SAMPLING TECHNIQUES AND THE
VITAL ROLE OF UNDERSTANDING DISTRIBUTIONS IN DATA ANALYSIS.
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DESCRIPTIVE STATISTICS; PAINTING A PICTURE OF YOUR DATA

BEFORE WE CAN MAKE SOPHISTICATED PREDICTIONS OR INFER BROADER TRENDS, WE FIRST NEED TO GET A HANDLE ON WHAT OUR
DATA IS ACTUALLY TELLING US. THIS IS WHERE DESCRIPTIVE STATISTICS COMES INTO PLAY. THINK OF DESCRIPTIVE STATISTICS
AS YOUR INITIAL DATA EXPLORATION TOOLKIT. IT'S ALL ABOUT SUMMARIZING AND ORGANIZING DATA IN A WAY THAT'S EASY
TO UNDERSTAND AND VISUALLY INTERPRETABLE. W ITHOUT THIS FUNDAMENTAL STEP, DIVING INTO MORE COMPLEX ANALYSES

W OULD BE LIKE TRYING TO NAVIGATE A NEW CITY WITHOUT A MAP, YOU MIGHT STUMBLE UPON SOME INTERESTING SIGHTS, BUT
YOU'D LIKELY GET LOST.

THE CORE OF DESCRIPTIVE STATISTICS LIES IN MEASURING CENTRAL TENDENCY AND DISPERSION. CENTRAL TENDENCY TELLS US
ABOUT THE “TYPICAL” VALUE IN A DATASET, WHILE DISPERSION TELLS US HOW SPREAD OUT THE DATA POINTS ARE. THESE
MEASURES PROVIDE A CONCISE SUMMARY, GIVING US A SNAPSHOT OF THE DATASET'S CHARACTERISTICS. WE'LL EXPLORE THE
MOST COMMON MEASURES, UNDERSTANDING THEIR STRENGTHS, WEAKNESSES, AND WHEN TO USE THEM.

MEeASURES OF CENTRAL T ENDENCY

MEASURES OF CENTRAL TENDENCY HELP US IDENTIFY THE CENTRAL POINT OR TYPICAL VALUE OF A DATASET. THESE ARE OFTEN
THE FIRST STATISTICS YOU'LL CALCULATE WHEN LOOKING AT A NEW DATASET, AS THEY GIVE YOU A QUICK SENSE OF THE
DATA’S CORE. IMAGINE YOU'RE LOOKING AT THE AGES OF STUDENTS IN A CLASSROOM; THESE MEASURES WOULD TELL YOU THE
AVERAGE AGE, THE MOST COMMON AGE, OR THE MIDDLE AGE.

® THE MEAN: THIS IS YOUR EVERYDAY AVERAGE. YOU CALCULATE IT BY SUMMING UP ALL THE VALUES IN A DATASET AND
THEN DIVIDING BY THE NUMBER OF VALUES. |T’S HIGHLY SENSITIVE TO OUTLIERS, MEANING EXTREME VALUES CAN
SIGNIFICANTLY SKEW THE MEAN.

e THe MEDIAN: THIS IS THE MIDDLE VALUE IN A DATASET WHEN IT'S ORDERED FROM LEAST TO GREATEST. |F THERE'S AN
EVEN NUMBER OF DATA POINTS, IT'S THE AVERAGE OF THE TWO MIDDLE VALUES. THE MEDIAN IS MORE ROBUST TO
OUTLIERS THAN THE MEAN, MAKING IT A BETTER CHOICE WHEN YOUR DATA MIGHT HAVE EXTREME VALUES.

® THE MODE: THIS IS THE VALUE THAT APPEARS MOST FREQUENTLY IN A DATASET. A DATASET CAN HAVE ONE MODE
(UNIMODAL), MULTIPLE MODES (MULTIMODAL), OR NO MODE AT ALL. IT'S PARTICULARLY USEFUL FOR CATEGORICAL



DATA WHERE THE CONCEPT OF AN AVERAGE DOESN'T MAKE SENSE.

MeASURES of DispersioN (VARIABILITY)

W/HILE CENTRAL TENDENCY TELLS US WHERE THE DATA IS CENTERED, MEASURES OF DISPERSION TELL US HOW SPREAD OUT OR
CLUSTERED THE DATA POINTS ARE. UNDERSTANDING VARIABILITY IS CRUCIAL BECAUSE TWO DATASETS CAN HAVE THE SAME
MEAN BUT VASTLY DIFFERENT SPREADS, INDICATING VERY DIFFERENT UNDERLYING PHENOMENA. For INSTANCE, TWO INVESTMENT
PORTFOLIOS MIGHT HAVE THE SAME AVERAGE ANNUAL RETURN, BUT ONE MIGHT HAVE HUGE SWINGS IN VALUE WHILE THE OTHER
IS MUCH MORE STABLE.

® THE RANGE: THIS IS THE SIMPLEST MEASURE OF DISPERSION, CALCULATED AS THE DIFFERENCE BETWEEN THE HIGHEST AND
LOWEST VALUES IN A DATASET. WHILE EASY TO CALCULATE, IT'S VERY SUSCEPTIBLE TO OUTLIERS AND DOESN'T TELL
US MUCH ABOUT THE SPREAD OF THE DATA IN BETWEEN.

® THE VARIANCE: V ARIANCE MEASURES THE AVERAGE SQUARED DIFFERENCE OF EACH DATA POINT FROM THE MEAN.
SQUARING THE DIFFERENCES ENSURES THAT ALL VALUES ARE POSITIVE, AND IT GIVES MORE WEIGHT TO LARGER
DEVIATIONS. A HIGHER VARIANCE INDICATES GREATER SPREAD.

e THE STANDARD DEVIATION: THIS IS THE SQUARE ROOT OF THE VARIANCE. |T'S ONE OF THE MOST COMMONLY USED
MEASURES OF DISPERSION BECAUSE IT'S IN THE SAME UNITS AS THE ORIGINAL DATA, MAKING IT MUCH EASIER TO
INTERPRET THAN VARIANCE. A LOW STANDARD DEVIATION SUGGESTS THAT DATA POINTS ARE CLUSTERED CLOSELY
AROUND THE MEAN, WHILE A HIGH STANDARD DEVIATION INDICATES THAT DATA POINTS ARE MORE SPREAD OUT.

o THe INTERQUARTILE RANGE (IQR): THIS IS THE RANGE OF THE MIDDLE 509% OF YOUR DATA. IT'S CALCULATED AS THE
DIFFERENCE BETWEEN THE THIRD QUARTILE (Q3) AND THE FIRST QUARTILE (Q1). THE IQR IS LESS SENSITIVE TO
OUTLIERS THAN THE RANGE AND IS OFTEN USED IN CONJUNCTION WITH THE MEDIAN.

INFERENTIAL STATISTICS: DRAWING CONCLUSIONS BEYOND YOUR SAMPLE

ONCE WE HAVE A GOOD GRASP OF OUR CURRENT DATA THROUGH DESCRIPTIVE STATISTICS, THE NEXT LOGICAL STEP IS TO USE
THAT INFORMATION TO MAKE EDUCATED GUESSES OR PREDICTIONS ABOUT A LARGER POPULATION. THIS IS THE REALM OF
INFERENTIAL STATISTICS. |T'S ABOUT TAKING A SMALLER, MANAGEABLE SAMPLE OF DATA AND USING IT TO DRAW CONCLUSIONS
ABOUT A MUCH LARGER GROUP FROM WHICH THE SAMPLE WAS DRAWN. THINK ABOUT MARKET RESEARCH: COMPANIES SURVEY A
FEW HUNDRED PEOPLE TO UNDERSTAND THE PREFERENCES OF MILLIONS OF CONSUMERS. THAT'S INFERENTIAL STATISTICS IN
ACTION.

INFERENTIAL STATISTICS ALLOWS US TO GENERALIZE FINDINGS, TEST HYPOTHESES, AND MAKE PREDICTIONS WITH A DEGREE OF
CONFIDENCE. |T'S THE BRIDGE BETWEEN THE DATA WE HAVE AND THE QUESTIONS WE WANT TO ANSWER ABOUT THE BROADER
\WORLD. HO\X/EVER, THIS PROCESS ISN'T MAGIC; IT RELIES HEAVILY ON PROBABILITY AND CAREFULLY CHOSEN STATISTICAL
METHODS TO ENSURE THAT OUR INFERENCES ARE AS RELIABLE AS POSSIBLE.

EsTIMATION

ESTIMATION IS A KEY COMPONENT OF INFERENTIAL STATISTICS, WHERE WE USE SAMPLE DATA TO ESTIMATE POPULATION
PARAMETERS. A POPULATION PARAMETER IS A NUMERICAL CHARACTERISTIC OF THE ENTIRE POPULATION (LIKE THE AVERAGE
HEIGHT OF ALL ADULTS IN A COUNTRY), WHICH IS USUALLY UNKNOWN AND TOO COSTLY OR IMPOSSIBLE TO MEASURE
DIRECTLY. WE INSTEAD USE A SAMPLE STATISTIC (LIKE THE AVERAGE HEIGHT oF 100 ADULTS) TO ESTIMATE THIS POPULATION
PARAMETER. THIS ESTIMATION COMES IN TWO MAIN FORMS: POINT ESTIMATION AND INTERVAL ESTIMATION.



® POINT ESTIMATION: THIS INVOLVES USING A SINGLE VALUE FROM THE SAMPLE STATISTIC TO ESTIMATE THE POPULATION
PARAMETER. FOR EXAMPLE, THE SAMPLE MEAN IS A POINT ESTIMATE OF THE POPULATION MEAN. \W/HILE SIMPLE, IT
DOESN'T GIVE US ANY INFORMATION ABOUT THE PRECISION OF OUR ESTIMATE.

® |[NTERVAL ESTIMATION: THIS PROVIDES A RANGE OF VALUES (AN INTERVAL) WITHIN WHICH THE POPULATION PARAMETER
IS LIKELY TO LIE, ALONG WITH A LEVEL OF CONFIDENCE. THE MOST COMMON FORM OF INTERVAL ESTIMATION IS A
CONFIDENCE INTERVAL. A 950/0 CONFIDENCE INTERVAL FOR THE MEAN, FOR EXAMPLE, MEANS THAT IF WE WERE TO TAKE
MANY SAMPLES AND CONSTRUCT AN INTERVAL FROM EACH, APPROXIMATELY 950/0 OF THOSE INTERVALS WOULD
CONTAIN THE TRUE POPULATION MEAN.

HypoTHESIS TESTING

HYPOTHESIS TESTING IS ANOTHER CORNERSTONE OF INFERENTIAL STATISTICS. IT'S A FORMAL PROCEDURE FOR TESTING WHETHER
A HYPOTHESIS ABOUT A POPULATION PARAMETER IS SUPPORTED BY THE SAMPLE DATA. WE START WITH A NULL HYPOTHESIS
(HO), WHICH TYPICALLY STATES THERE IS NO EFFECT OR NO DIFFERENCE, AND AN ALTERNATIVE HYPOTHESIS (H 1 ), WHICH
STATES THERE IS AN EFFECT OR DIFFERENCE. W/E THEN USE STATISTICAL TESTS TO DETERMINE IF THE SAMPLE EVIDENCE IS
STRONG ENOUGH TO REJECT THE NULL HYPOTHESIS IN FAVOR OF THE ALTERNATIVE. WE'LL EXPLORE THIS IN MORE DETAIL IN ITS
OWN SECTION.

PROBABILITY THEORY: THE LANGUAGE OF UNCERTAINTY

IN THE WORLD OF DATA SCIENCE, UNCERTAINTY IS AN EVER-PRESENT COMPANION. W/HETHER IT'S THE CHANCE OF A CUSTOMER
CLICKING ON AN AD, THE LIKELIHOOD OF A MACHINE FAILING, OR THE PROBABILITY OF A MEDICAL TEST RETURNING A FALSE
POSITIVE, UNDERSTANDING PROBABILITY IS FUNDAMENTAL TO MAKING INFORMED DECISIONS. PROBABILITY THEORY PROVIDES THE
MATHEMATICAL FRAMEWORK FOR QUANTIFYING AND REASONING ABOUT CHANCE EVENTS.

W/ ITHOUT A SOLID GRASP OF PROBABILITY, INTERPRETING STATISTICAL RESULTS BECOMES GUESS\W ORK. IT'S THE ENGINE THAT
DRIVES MANY STATISTICAL MODELS AND ALLOWS US TO UNDERSTAND THE RELIABILITY OF OUR FINDINGS. WE'LL EXPLORE THE
BASIC CONCEPTS THAT FORM THE FOUNDATION FOR MORE ADVANCED STATISTICAL TECHNIQUES USED IN DATA SCIENCE.

BAsic ProBABILITY CONCEPTS

AT ITS HEART, PROBABILITY MEASURES THE LIKELIHOOD OF AN EVENT OCCURRING. IT'S EXPRESSED AS A NUMBER BETWEEN O AND
.|/ WHERE O MEANS THE EVENT IS IMPOSSIBLE, AND 1 MEANS THE EVENT IS CERTAIN. UNDERSTANDING HOW TO COMBINE
PROBABILITIES AND HOW DIFFERENT EVENTS RELATE TO EACH OTHER IS CRUCIAL.

o EVENTS: AN EVENT IS AN OUTCOME OF AN EXPERIMENT OR A SPECIFIC OBSERVATION. FOR INSTANCE, IF YOU FLIP A COIN,
“GETTING HEADS” IS AN EVENT.

L4 SAMPLE SPACEI THE SAMPLE SPACE IS THE SET OF ALL POSSIBLE OUTCOMES OF AN EXPERIMENT. FOR A COIN FLIP, THE
SAMPLE SPACE IS {HEADS, TAILS]}.

o PROBABILITY OF AN EVENT: THIS IS CALCULATED AS THE NUMBER OF FAVORABLE OUTCOMES DIVIDED BY THE TOTAL
NUMBER OF POSSIBLE OUTCOMES. FOR EXAMPLE, THE PROBABILITY OF GETTING HEADS WHEN FLIPPING A FAIR COIN IS 1/2
or 0.5.

® |NDEPENDENT EVENTS: TWO EVENTS ARE INDEPENDENT IF THE OCCURRENCE OF ONE DOES NOT AFFECT THE PROBABILITY OF
THE OTHER OCCURRING. FOR INSTANCE, FLIPPING A COIN TWICE, THE OUTCOME OF THE FIRST FLIP DOESN’T INFLUENCE THE
SECOND.



o DePENDENT EVENTS: THE OCCURRENCE OF ONE EVENT AFFECTS THE PROBABILITY OF THE OTHER. FOR EXAMPLE, DRAWING
TWO CARDS FROM A DECK WITHOUT REPLACEMENT, THE PROBABILITY OF DRAWING A SECOND CARD DEPENDS ON WHAT
THE FIRST CARD WAS.

o CONDITIONAL PROBABILITY: THIS IS THE PROBABILITY OF AN EVENT OCCURRING GIVEN THAT ANOTHER EVENT HAS
ALREADY OCCURRED. IT’s OFTEN DENOTED AS P(A|B), THE PROBABILITY OF A GIVEN B.

ProBABILITY DISTRIBUTIONS

PROBABILITY DISTRIBUTIONS ARE ESSENTIAL FOR MODELING RANDOM PHENOMENA. THEY DESCRIBE THE LIKELIHOOD OF DIFFERENT
OUTCOMES FOR A RANDOM VARIABLE. DATA SCIENTISTS USE VARIOUS PROBABILITY DISTRIBUTIONS TO MODEL EVERYTHING
FROM THE NUMBER OF CUSTOMER COMPLAINTS TO THE ARRIVAL TIMES OF VEHICLES.

o DISCRETE PROBABILITY DISTRIBUTIONS: THESE ARE USED FOR RANDOM VARIABLES THAT CAN ONLY TAKE ON A FINITE
NUMBER OF VALUES OR A COUNTABLY INFINITE NUMBER OF VALUES. EXAMPLES INCLUDE THE BERNOULLI DISTRIBUTION
(FOR A SINGLE TRIAL WITH TWO OUTCOMES) AND THE BINOMIAL DISTRIBUTION (FOR THE NUMBER OF SUCCESSES IN A
FIXED NUMBER OF INDEPENDENT TRIALS).

o CoNTINUoUSs PROBABILITY DISTRIBUTIONS: THESE ARE USED FOR RANDOM VARIABLES THAT CAN TAKE ON ANY VALUE
WITHIN A GIVEN RANGE. THE MOST FAMOUS IS THE NORMAL DISTRIBUTION (OR GAUSSIAN DISTRIBUTION), OFTEN
REPRESENTED BY THE BELL CURVE. OTHER IMPORTANT CONTINUOUS DISTRIBUTIONS INCLUDE THE UNIFORM DISTRIBUTION
AND THE EXPONENTIAL DISTRIBUTION.

HypoTHESIS TESTING: PROVING OR DISPROVING YOUR ASSUMPTIONS

HYPOTHESIS TESTING IS A FORMAL METHOD USED IN STATISTICS TO MAKE DECISIONS OR DRAW CONCLUSIONS ABOUT A
POPULATION BASED ON SAMPLE DATA. IT'S A CRITICAL TOOL FOR DATA SCIENTISTS TO VALIDATE CLAIMS, ASSESS THE IMPACT
OF INTERVENTIONS, AND DETERMINE IF OBSERVED PATTERNS ARE LIKELY DUE TO CHANCE OR REPRESENT A REAL EFFECT. IMAGINE A
PHARMACEUTICAL COMPANY DEVELOPING A NEW DRUG, HYPOTHESIS TESTING HELPS THEM DETERMINE IF THE DRUG IS
SIGNIFICANTLY MORE EFFECTIVE THAN A PLACEBO.

THE PROCESS INVOLVES SETTING UP COMPETING HYPOTHESES, COLLECTING DATA, AND THEN USING STATISTICAL TESTS TO
EVALUATE THE EVIDENCE. THE OUTCOME OF A HYPOTHESIS TEST IS TYPICALLY A DECISION TO EITHER REJECT OR FAIL TO REJECT
THE NULL HYPOTHESIS. IT'S NOT ABOUT PROVING SOMETHING IS TRUE, BUT RATHER ABOUT GATHERING ENOUGH EVIDENCE TO
SUGGEST THAT THE NULL HYPOTHESIS IS UNLIKELY TO BE TRUE.

THe HypPoTHESIS TESTING FRAMEWORK

THE FRAMEWORK FOR HYPOTHESIS TESTING PROVIDES A STRUCTURED APPROACH TO ENSURE RIGOR AND CONSISTENCY IN
STATISTICAL DECISION-MAKING. |T’S A SYSTEMATIC WAY TO MOVE FROM A QUESTION OR A CLAIM TO A DATA-SUPPORTED
CONCLUSION.

¢ NuLL HYPOTHESIS (HO) THIS IS THE DEFAULT ASSUMPTION OR STATEMENT OF NO EFFECT, NO DIFFERENCE, OR NO
RELATIONSHIP. FOR EXAMPLE, HO: THE AVERAGE HEIGHT OF MEN AND WOMEN IS THE SAME.

o ALTERNATIVE HyPoTHESIS (H1 orR HA): THIS IS THE STATEMENT THAT CONTRADICTS THE NULL HYPOTHESIS. IT'S
WHAT YOU ARE TRYING TO FIND EVIDENCE FOR. FOR EXAMPLE, H1: THE AVERAGE HEIGHT OF MEN IS GREATER THAN THE



AVERAGE HEIGHT OF \WOMEN.

o SIGNIFICANCE LEVEL (A): THIS IS THE PROBABILITY OF REJECTING THE NULL HYPOTHESIS WHEN IT IS ACTUALLY TRUE (A
Tvpe | ERROR). COMMON SIGNIFICANCE LEVELS ARE 0.05 (5%) or 0.01 (1%). IT SETS THE THRESHOLD FOR HOW
STRONG THE EVIDENCE NEEDS TO BE BEFORE WE REJECT HO.

e TEST STATISTIC: THIS IS A VALUE CALCULATED FROM THE SAMPLE DATA THAT MEASURES HOW FAR THE SAMPLE
STATISTIC DEVIATES FROM THE HYPOTHESIZED POPULATION PARAMETER. EXAMPLES INCLUDE THE T-STATISTIC AND THE
Z-STATISTIC.

e P-VALUE: THIS IS THE PROBABILITY OF OBSERVING A TEST STATISTIC AS EXTREME AS, OR MORE EXTREME THAN, THE
ONE CALCULATED FROM THE SAMPLE DATA, ASSUMING THE NULL HYPOTHESIS IS TRUE. A SMALL P-VALUE (TYPICALLY
LESS THAN A) SUGGESTS STRONG EVIDENCE AGAINST THE NULL HYPOTHESIS.

* DEeCISION RULE: IF THE P-VALUE IS LESS THAN THE SIGNIFICANCE LEVEL (P < A), WE REJECT THE NULL HYPOTHESIS. |F THE
P-VALUE IS GREATER THAN OR EQUAL TO THE SIGNIFICANCE LEVEL (P > A), WE FAIL TO REJECT THE NULL HYPOTHESIS.

TyPeS oF ERRORS IN HYPOTHESIS TESTING

IT'S IMPORTANT TO ACKNOWLEDGE THAT HYPOTHESIS TESTING ISN'T PERFECT, THERE'S ALWAYS A CHANCE OF MAKING AN
INCORRECT DECISION. UUNDERSTANDING THESE POTENTIAL ERRORS IS CRUCIAL FOR INTERPRETING RESULTS CORRECTLY.

o Tvpe | ERROR (FALSE POSITIVE): REJECTING THE NULL HYPOTHESIS WHEN IT IS ACTUALLY TRUE. THE PROBABILITY OF A
TyPE | ERROR IS EQUAL TO THE SIGNIFICANCE LEVEL (A).

o Tvpe || ERROR (FALSE NEGATIVE): FAILING TO REJECT THE NULL HYPOTHESIS WHEN IT IS ACTUALLY FALSE. THE
PROBABILITY OF A TYPE || ERROR IS DENOTED BY B.

SAMPLING TECHNIQUES: SELECTING REPRESENTATIVE SUBSETS

IT'S OFTEN IMPRACTICAL OR IMPOSSIBLE TO COLLECT DATA FROM AN ENTIRE POPULATION. THIS IS WHERE SAMPLING COMES IN.
SAMPLING IS THE PROCESS OF SELECTING A SUBSET OF INDIVIDUALS OR DATA POINTS FROM A LARGER POPULATION TO MAKE
INFERENCES ABOUT THAT POPULATION. THE QUALITY OF YOUR INFERENCES HINGES ENTIRELY ON HOW REPRESENTATIVE YOUR
SAMPLE IS OF THE POPULATION YOU'RE INTERESTED IN. A BIASED SAMPLE CAN LEAD TO COMPLETELY MISLEADING CONCLUSIONS.

CHOOSING THE RIGHT SAMPLING TECHNIQUE IS AS IMPORTANT AS THE STATISTICAL ANALYSIS ITSELF. |T ENSURES THAT THE
RESULTS OBTAINED FROM THE SAMPLE CAN BE GENERALIZED BACK TO THE POPULATION WITH A REASONABLE DEGREE OF
CONFIDENCE. WE'LL EXPLORE DIFFERENT METHODS, UNDERSTANDING THEIR PROS AND CONS.

PRrOBABILITY SAMPLING METHODS

PROBABILITY SAMPLING METHODS INVOLVE RANDOM SELECTION, WHERE EVERY MEMBER OF THE POPULATION HAS A KNOWN, NON-
ZERO CHANCE OF BEING INCLUDED IN THE SAMPLE. THESE METHODS ARE GENERALLY PREFERRED FOR THEIR ABILITY TO MINIMIZE BIAS
AND ALLOW FOR STATISTICAL INFERENCE.

¢ SiMPLE RANDOM SAMPLING: EVERY MEMBER OF THE POPULATION HAS AN EQUAL AND INDEPENDENT CHANCE OF BEING
SELECTED. THIS IS LIKE DRAWING NAMES OUT OF A HAT.



® SYSTEMATIC SAMPLING: THIS INVOLVES SELECTING EVERY K-TH MEMBER FROM AN ORDERED LIST OF THE POPULATION,
STARTING FROM A RANDOMLY CHOSEN POINT. FOR EXAMPLE, SELECTING EVERY 10TH CUSTOMER FROM A DATABASE.

® STRATIFIED SAMPLING: THE POPULATION IS DIVIDED INTO SUBGROUPS (STRATA) BASED ON CERTAIN CHARACTERISTICS
(E.G./ AGE, GENDER), AND THEN A RANDOM SAMPLE IS DRAWN FROM EACH STRATUM. THIS ENSURES REPRESENTATION OF
KEY SUBGROUPS.

o CLUSTER SAMPLING: THE POPULATION IS DIVIDED INTO CLUSTERS (E.G., GEOGRAPHIC AREAS), AND THEN A RANDOM
SAMPLE OF CLUSTERS IS SELECTED. ALL INDIVIDUALS WITHIN THE SELECTED CLUSTERS ARE THEN INCLUDED IN THE
SAMPLE.

NoN-ProBABILITY SAMPLING METHODS

NON-PROBABILITY SAMPLING METHODS DO NOT INVOLVE RANDOM SELECTION. W/HILE OFTEN EASIER AND CHEAPER TO IMPLEMENT,
THEY CARRY A HIGHER RISK OF BIAS AND LIMIT THE ABILITY TO GENERALIZE FINDINGS TO THE POPULATION.

o CONVENIENCE SAMPLING: SELECTING INDIVIDUALS WHO ARE READILY AVAILABLE AND EASY TO ACCESS. THIS IS OFTEN
USED IN EXPLORATORY RESEARCH BUT IS HIGHLY PRONE TO BIAS.

4 QUOTA SAMPLING: SIMILAR TO STRATIFIED SAMPLING, BUT SELECTION WITHIN EACH SUBGROUP IS NOT RANDOM;, IT's
BASED ON CONVENIENCE OR RESEARCHER JUDGMENT TO MEET PREDEFINED QUOTAS.

o PURPOSIVE SAMPLING: THE RESEARCHER DELIBERATELY SELECTS PARTICIPANTS BASED ON SPECIFIC CHARACTERISTICS
RELEVANT TO THE STUDY. THIS IS COMMON IN QUALITATIVE RESEARCH.

® SNOWBALL SAMPLING: PARTICIPANTS ARE ASKED TO REFER OTHER POTENTIAL PARTICIPANTS WHO MEET THE STUDY
CRITERIA. THIS IS USEFUL FOR REACHING HARD-TO-ACCESS POPULATIONS.

UNDERSTANDING DATA DisTRIBUTIONS: THE SHAPE OF YOUR DATA

THE DISTRIBUTION OF DATA DESCRIBES HOW THE VALUES ARE SPREAD OUT OR CLUSTERED. UNDERSTANDING THE SHAPE OF A
DISTRIBUTION IS CRUCIAL FOR SELECTING APPROPRIATE STATISTICAL METHODS, IDENTIFYING OUTLIERS, AND INTERPRETING THE
DATA ACCURATELY. IMAGINE LOOKING AT THE HEIGHT OF PEOPLE, YOU'D EXPECT A BELL-SHAPED DISTRIBUTION, WITH MOST
PEOPLE FALLING AROUND THE AVERAGE HEIGHT. A DISTRIBUTION OF INCOME, HOWEVER, MIGHT BE HEAVILY SKEWED.

DIFFERENT STATISTICAL TESTS AND MODELS MAKE ASSUMPTIONS ABOUT THE UNDERLYING DISTRIBUTION OF THE DATA.
VIOLATING THESE ASSUMPTIONS CAN LEAD TO INCORRECT CONCLUSIONS. THEREFORE, A DATA SCIENTIST MUST BE ADEPT AT
RECOGNIZING AND INTERPRETING COMMON DATA DISTRIBUTIONS.

THE NorMAL DisTrIBUTION (GAUSSIAN DISTRIBUTION)

THE NORMAL DISTRIBUTION IS ARGUABLY THE MOST IMPORTANT AND FREQUENTLY ENCOUNTERED DISTRIBUTION IN STATISTICS.
IT'S A CONTINUOUS PROBABILITY DISTRIBUTION CHARACTERIZED BY ITS SYMMETRIC BELL SHAPE. MANY NATURAL PHENOMENA,
SUCH AS HEIGHTS, WEIGHTS, MEASUREMENT ERRORS, AND TEST SCORES, TEND TO FOLLOW A NORMAL DISTRIBUTION.

® SYMMETRY: THE DISTRIBUTION IS PERFECTLY SYMMETRICAL AROUND ITS MEAN.



* MeaN, MepiaN, AND MoDE COINCIDE: IN A PERFECT NORMAL DISTRIBUTION, THE MEAN, MEDIAN, AND MODE ARE ALL AT THE
SAME CENTRAL POINT.

o EMPIRICAL RULE (68-95-99.7 RULE): FOR A NORMAL DISTRIBUTION, APPROXIMATELY 68% OF THE DATA FALLS
WITHIN ONE STANDARD DEVIATION OF THE MEAN, 959 FALLS WITHIN TWO STANDARD DEVIATIONS, AND 99.79% FALLS
WITHIN THREE STANDARD DEVIATIONS.

OTHER IMPORTANT DISTRIBUTIONS

\W/HILE THE NORMAL DISTRIBUTION IS UBIQUITOUS, OTHER DISTRIBUTIONS PLAY VITAL ROLES IN SPECIFIC DATA SCIENCE
SCENARIOS.

o UNIFORM DISTRIBUTION: IN A UNIFORM DISTRIBUTION, ALL OUTCOMES WITHIN A GIVEN RANGE ARE EQUALLY LIKELY. For
EXAMPLE, IF YOU WERE TO RANDOMLY PICK A NUMBER BET\WEEN O AND -|, EACH NUMBER HAS AN EQUAL CHANCE OF BEING
SELECTED.

o BINOMIAL DISTRIBUTION: THIS IS A DISCRETE PROBABILITY DISTRIBUTION THAT DESCRIBES THE NUMBER OF SUCCESSES IN
A FIXED NUMBER OF INDEPENDENT BERNOULLI TRIALS (TRIALS WITH ONLY TWO POSSIBLE OUTCOMES, LIKE SUCCESS OR
FAILURE). For INSTANCE, THE NUMBER OF HEADS IN 10 COIN FLIPS.

® PoissoN DISTRIBUTION: THIS IS A DISCRETE PROBABILITY DISTRIBUTION THAT EXPRESSES THE PROBABILITY OF A GIVEN
NUMBER OF EVENTS OCCURRING IN A FIXED INTERVAL OF TIME OR SPACE IF THESE EVENTS OCCUR WITH A KNOWN
CONSTANT MEAN RATE AND INDEPENDENTLY OF THE TIME SINCE THE LAST EVENT. |T'S OFTEN USED TO MODEL THE NUMBER
OF CUSTOMER ARRIVALS IN AN HOUR OR THE NUMBER OF DEFECTS PER UNIT.

o EXPONENTIAL DISTRIBUTION: THIS IS A CONTINUOUS PROBABILITY DISTRIBUTION THAT DESCRIBES THE TIME UNTIL AN
EVENT OCCURS IN A POISSON PROCESS, WHERE EVENTS OCCUR AT A CONSTANT AVERAGE RATE. IT'S COMMONLY USED
TO MODEL THE LIFESPAN OF ELECTRONIC COMPONENTS OR THE TIME BETWEEN CUSTOMER ARRIVALS.

MASTERING THESE FOUNDATIONAL STATISTICAL CONCEPTS—DESCRIPTIVE STATISTICS, INFERENTIAL STATISTICS, PROBABILITY
THEORY, HYPOTHESIS TESTING, SAMPLING, AND UNDERSTANDING DISTRIBUTIONS—IS NOT JUST ABOUT PASSING A TEST, IT's
ABOUT BUILDING THE INTUITION AND THE PRACTICAL SKILLS NECESSARY TO NAVIGATE THE COMPLEXITIES OF DATA. EACH
CONCEPT BUILDS UPON THE LAST, CREATING A ROBUST FRAMEWORK FOR ANALYTICAL THINKING AND PROBLEM-SOLVING. By
GROUNDING YOUR DATA SCIENCE JOURNEY IN THESE STATISTICAL PRINCIPLES, YOU EQUIP YOURSELF TO ASK THE RIGHT
QUESTIONS, INTERPRET RESULTS WITH CONFIDENCE, AND ULTIMATELY DRIVE MEANINGFUL INSIGHTS FROM DATA.

FAQ

QI \WHY IS FOUNDATIONAL STATISTICAL KNOWLEDGE CRUCIAL FOR DATA SCIENCE?

A: FOUNDATIONAL STATISTICAL KNOWLEDGE IS CRUCIAL FOR DATA SCIENCE BECAUSE IT PROVIDES THE THEORETICAL
UNDERPINNINGS FOR UNDERSTANDING, INTERPRETING, AND MODELING DATA. |T ENABLES DATA SCIENTISTS TO GO BEYOND SIMPLY
MANIPULATING NUMBERS TO TRULY UNDERSTANDING THE PATTERNS, UNCERTAINTIES, AND RELATIONSHIPS WITHIN DATASETS,
LEADING TO MORE ROBUST AND RELIABLE INSIGHTS AND PREDICTIONS.

Q: \WHAT ARE THE KEY DIFFERENCES BETWEEN DESCRIPTIVE AND INFERENTIAL STATISTICS



IN DATA SCIENCE?

A: DESCRIPTIVE STATISTICS FOCUSES ON SUMMARIZING AND ORGANIZING DATA FROM A SAMPLE TO DESCRIBE ITS MAIN
FEATURES, USING MEASURES LIKE MEAN, MEDIAN, AND STANDARD DEVIATION. INFERENTIAL STATISTICS, ON THE OTHER HAND, USES
SAMPLE DATA TO DRAW CONCLUSIONS AND MAKE GENERALIZATIONS ABOUT A LARGER POPULATION, EMPLOYING TECHNIQUES
LIKE HYPOTHESIS TESTING AND CONFIDENCE INTERVALS.

QI How DOES PROBABILITY THEORY INFORM DATA SCIENCE MODELS?

A: PROBABILITY THEORY PROVIDES THE MATHEMATICAL LANGUAGE FOR DEALING WITH UNCERTAINTY, WHICH IS INHERENT IN
MOST REAL-WORLD DATA. |IT'S FUNDAMENTAL TO UNDERSTANDING THE LIKELIHOOD OF EVENTS, BUILDING PREDICTIVE MODELS
(LIKE BAYESIAN NET\)VORKS), EVALUATING THE RISK OF CERTAIN OUTCOMES, AND QUANTIFYING THE CONFIDENCE IN STATISTICAL
INFERENCES MADE FROM DATA.

QZ \WHAT IS THE ROLE OF HYPOTHESIS TESTING IN VALIDATING DATA SCIENCE FINDINGS?

A: HYPOTHESIS TESTING ALLOWS DATA SCIENTISTS TO FORMALLY TEST ASSUMPTIONS AND CLAIMS ABOUT DATA. |T PROVIDES
A STRUCTURED FRAMEWORK TO DETERMINE WHETHER OBSERVED PATTERNS OR DIFFERENCES IN A DATASET ARE STATISTICALLY
SIGNIFICANT AND UNLIKELY TO BE DUE TO RANDOM CHANCE, THEREBY VALIDATING HYPOTHESES ABOUT RELATIONSHIPS OR
INTERVENTIONS.

Q: WHY IS UNDERSTANDING DATA DISTRIBUTIONS IMPORTANT FOR CHOOSING
ANALYTICAL METHODS?

A: DIFFERENT STATISTICAL METHODS AND MACHINE LEARNING ALGORITHMS MAKE SPECIFIC ASSUMPTIONS ABOUT THE UNDERLYING
DISTRIBUTION OF THE DATA THEY OPERATE ON. FOR EXAMPLE, MANY PARAMETRIC TESTS ASSUME DATA FOLLOWS A NORMAL
DISTRIBUTION. UNDERSTANDING A DATA DISTRIBUTION HELPS DATA SCIENTISTS SELECT APPROPRIATE ANALYTICAL TOOLS THAT
MATCH THE DATA'S CHARACTERISTICS, ENSURING THE VALIDITY AND ACCURACY OF THEIR RESULTS.

Q: WHAT ARE THE RISKS OF USING NON-PROBABILITY SAMPLING IN DATA SCIENCE
PROJECTS?

A: THE PRIMARY RISK OF USING NON-PROBABILITY SAMPLING IS BIAS, WHERE THE SAMPLE IS NOT REPRESENTATIVE OF THE
POPULATION. THIS CAN LEAD TO SKEWED RESULTS, INACCURATE GENERALIZATIONS, AND FLAWED CONCLUSIONS, RENDERING THE
FINDINGS UNRELIABLE FOR DECISION-MAKING.

QI CAN A DATA SCIENTIST SUCCEED WITHOUT A STRONG GRASP OF STATISTICS?

A: WHILE SOME BASIC DATA MANIPULATION CAN BE DONE WITH MINIMAL STATISTICAL KNOWLEDGE, TRUE SUCCESS IN DATA
SCIENCE, ESPECIALLY IN COMPLEX MODELING, INTERPRETATION, AND ETHICAL DEPLOYMENT OF A|, IS HIGHLY UNLIKELY WITHOUT
A STRONG GRASP OF STATISTICS. STATISTICS PROVIDES THE CRITICAL THINKING SKILLS NEEDED TO UNDERSTAND DATA
LIMITATIONS, MODEL ASSUMPTIONS, AND THE UNCERTAINTY INHERENT IN PREDICTIONS.

QZ \NWHAT IS A CONFIDENCE INTERVAL AND WHY IS IT USEFUL IN DATA SCIENCE?

A: A CONFIDENCE INTERVAL PROVIDES A RANGE OF PLAUSIBLE VALUES FOR AN UNKNOWN POPULATION PARAMETER, ALONG WITH
A LEVEL OF CONFIDENCE. |T'S USEFUL IN DATA SCIENCE BECAUSE IT GIVES A MORE NUANCED UNDERSTANDING OF AN ESTIMATE
THAN A SINGLE POINT ESTIMATE, INDICATING THE PRECISION AND RELIABILITY OF THE ESTIMATE DERIVED FROM SAMPLE DATA.



Q: How DO OUTLIERS AFFECT STATISTICAL ANALYSIS, AND HOW CAN THEY BE
ADDRESSED?

A: OUTLIERS, OR EXTREME VALUES, CAN DISPROPORTIONATELY INFLUENCE STATISTICAL MEASURES LIKE THE MEAN AND

STANDARD DEVIATION, POTENTIALLY DISTORTING ANALYSES AND MODELS. THEY CAN BE ADDRESSED THROUGH TECHNIQUES LIKE
DATA TRANSFORMATION, ROBUST STATISTICAL METHODS THAT ARE LESS SENSITIVE TO OUTLIERS, OR BY CAREFULLY DECIDING
TO REMOVE THEM IF THEY ARE DEEMED TO BE DATA ENTRY ERRORS OR NOT REPRESENTATIVE OF THE PHENOMENON BEING STUDIED.
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STATISTICAL MODELING FOR DATA SCIENCE

STATISTICAL MODELING IN DATA SCIENCE INVOLVES CREATING MATHEMATICAL REPRESENTATIONS OF REAL-WORLD PROCESSES
OR PHENOMENA USING STATISTICAL TECHNIQUES. |T'S ABOUT BUILDING EQUATIONS OR ALGORITHMS THAT CAN DESCRIBE
RELATIONSHIPS BETWEEN VARIABLES, MAKE PREDICTIONS, AND SIMULATE OUTCOMES. THIS FIELD ENCOMPASSES VARIOUS
APPROACHES, FROM SIMPLE LINEAR REGRESSION TO COMPLEX TIME-SERIES ANALYSIS AND MACHINE LEARNING ALGORITHMS THAT
HAVE STATISTICAL UNDERPINNINGS.

ProBABILITY DISTRIBUTIONS IN DATA ANALYSIS

UNDERSTANDING PROBABILITY DISTRIBUTIONS IS FUNDAMENTAL FOR DATA ANALYSIS, AS IT ALLOWS US TO MODEL THE
LIKELIHOOD OF DIFFERENT OUTCOMES FOR A RANDOM VARIABLE. WHETHER IT'S THE COMMON NORMAL DISTRIBUTION, THE
DISCRETE BINOMIAL DISTRIBUTION, OR THE POISSON DISTRIBUTION FOR EVENT COUNTS, RECOGNIZING THESE PATTERNS HELPS IN
MAKING INFORMED PREDICTIONS, PERFORMING HYPOTHESIS TESTS, AND SELECTING APPROPRIATE ANALYTICAL TOOLS.

INFERENTIAL STATISTICS FOR BUSINESS INTELLIGENCE

INFERENTIAL STATISTICS PLAYS A CRITICAL ROLE IN BUSINESS INTELLIGENCE BY ENABLING COMPANIES TO DRAW MEANINGFUL
CONCLUSIONS ABOUT THEIR CUSTOMER BASE, MARKET TRENDS, OR OPERATIONAL EFFICIENCY FROM SAMPLE DATA. TECHNIQUES
LIKE HYPOTHESIS TESTING AND CONFIDENCE INTERVALS HELP IN MAKING DATA-DRIVEN DECISIONS REGARDING MARKETING
STRATEGIES, PRODUCT DEVELOPMENT, AND RESOURCE ALLOCATION, MOVING BEYOND SIMPLE REPORTING TO ACTIONABLE
INSIGHTS.

DESCRIPTIVE STATISTICS FOR DATA EXPLORATION

DESCRIPTIVE STATISTICS ARE THE INITIAL TOOLS DATA SCIENTISTS USE TO EXPLORE AND SUMMARIZE DATASETS. THEY PROVIDE
A CLEAR PICTURE OF THE DATA’S CENTRAL TENDENCY, VARIABILITY, AND DISTRIBUTION THROUGH MEASURES LIKE MEAN, MEDIAN,
STANDARD DEVIATION, AND FREQUENCY COUNTS. THIS FOUNDATIONAL STEP IS CRUCIAL FOR IDENTIFYING PATTERNS, SPOTTING
ANOMALIES, AND GUIDING FURTHER, MORE COMPLEX ANALYSES.

HypPoTHESIS TESTING IN MACHINE LEARNING

IN MACHINE LEARNING, HYPOTHESIS TESTING IS EMPLOYED TO VALIDATE THE PERFORMANCE OF MODELS OR TO DETERMINE IF
OBSERVED IMPROVEMENTS ARE STATISTICALLY SIGNIFICANT. FOR INSTANCE, ONE MIGHT TEST IF A NEW ALGORITHM PERFORMS
SIGNIFICANTLY BETTER THAN AN EXISTING ONE, OR IF A SPECIFIC FEATURE HAS A SIGNIFICANT IMPACT ON PREDICTION ACCURACY,
ENSURING THAT MODEL ENHANCEMENTS ARE REAL AND NOT JUST RANDOM FLUCTUATIONS.

SAMPLING METHODS IN BiG DATA ANALYSIS

\WHEN DEALING WITH BIG DATA, IT'S OFTEN NECESSARY TO SAMPLE SUBSETS OF THE DATA FOR ANALYSIS DUE TO
COMPUTATIONAL CONSTRAINTS. SELECTING APPROPRIATE SAMPLING METHODS—WHETHER RANDOM, STRATIFIED, OR CLUSTER
SAMPLING—IS CRUCIAL TO ENSURE THAT THE SAMPLE ACCURATELY REPRESENTS THE LARGER DATASET, ALLOWING FOR RELIABLE
INFERENCES AND EFFICIENT MODEL BUILDING WITHOUT SACRIFICING TOO MUCH DATA INTEGRITY.

DATA VISUALIZATION OF STATISTICAL CONCEPTS

VISUALIZING STATISTICAL CONCEPTS MAKES THEM MORE ACCESSIBLE AND INTERPRETABLE. T ECHNIQUES LIKE HISTOGRAMS FOR
DISTRIBUTIONS, BOX PLOTS FOR VARIABILITY AND OUTLIERS, AND SCATTER PLOTS FOR RELATIONSHIPS HELP DATA SCIENTISTS
AND STAKEHOLDERS GRASP COMPLEX STATISTICAL IDEAS QUICKLY. EFFECTIVE VISUALIZATION BRIDGES THE GAP BETWEEN RAW
DATA AND ACTIONABLE INSIGHTS, ENHANCING COMMUNICATION AND UNDERSTANDING.

STATISTICAL SIGNIFICANCE AND P-VALUES IN DATA SCIENCE
UNDERSTANDING STATISTICAL SIGNIFICANCE AND P-VALUES IS VITAL FOR DRAWING RELIABLE CONCLUSIONS FROM DATA
ANALYSIS. A LOW P-VALUE, TYPICALLY BELOW A PREDEFINED SIGNIFICANCE LEVEL, INDICATES THAT AN OBSERVED RESULT IS



UNLIKELY TO HAVE OCCURRED BY CHANCE, SUGGESTING A GENUINE EFFECT OR RELATIONSHIP. THIS CONCEPT IS CENTRAL TO
HYPOTHESIS TESTING AND VALIDATING FINDINGS IN DATA SCIENCE.

THE ROLE OF STATISTICS IN ARTIFICIAL INTELLIGENCE

STATISTICS FORMS A FUNDAMENTAL PILLAR OF ARTIFICIAL INTELLIGENCE. MANY Al ALGORITHMS, PARTICULARLY IN MACHINE
LEARNING, ARE BUILT UPON STATISTICAL PRINCIPLES FOR TASKS SUCH AS PROBABILITY ESTIMATION, PATTERN RECOGNITION,
MODEL BUILDING, AND UNCERTAINTY QUANTIFICATION. A SOLID STATISTICAL FOUNDATION IS ESSENTIAL FOR DEVELOPING,
UNDERSTANDING, AND INTERPRETING Al SYSTEMS EFFECTIVELY.

Data Science Foundational Statistical Knowledge

Data Science Foundational Statistical Knowledge
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