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THE WILSON FAMILY HAD FIVE CHILDREN, AND MANY WONDER ABOUT THE PROBABILITIES ASSOCIATED WITH THEIR FAMILY
COMPOSITION. SPECIFICALLY, IF WE ASSUME THAT THE CHANCE OF ANY CHILD BEING A GIRL IS 05, WHAT ARE THE POSSIBLE
OUTCOMES? HOW LIKELY IS IT THAT ALL FIVE CHILDREN ARE GIRLS? OR THAT THEY HAVE EXACTLY THREE GIRLS AND TWO
BOYS? UNDERSTANDING THESE PROBABILITIES INVOLVES DELVING INTO CONCEPTS OF BINOMIAL PROBABILITY, COMBINATIONS,
AND BASIC STATISTICS. THIS ARTICLE EXPLORES THESE QUESTIONS IN DETAIL, PROVIDING A COMPREHENSIVE GUIDE TO
CALCULATING THE PROBABILITY OF VARIOUS SCENARIOS WITHIN THE W/ ILSON FAMILY'S CONTEXT.

UNDERSTANDING THE BASICS: PROBABILITY AND BINOMIAL DISTRIBUTION

\WHAT |s PROBABILITY?

PROBABILITY IS A MEASURE OF HOW LIKELY AN EVENT IS TO OCCUR, EXPRESSED AS A NUMBER BETWEEN Oand 1. A
PROBABILITY OF O MEANS THE EVENT CANNOT HAPPEN, WHILE A PROBABILITY OF 1 INDICATES CERTAINTY. IN THE CONTEXT OF
THE W/ILSON FAMILY'S CHILDREN, THE PROBABILITY THAT A RANDOMLY CHOSEN CHILD IS A GIRL IS 05, AND THE PROBABILITY
THAT A CHILD IS A BOY IS ALSO 05, ASSUMING EQUAL LIKELIHOOD.

INTRODUCTION TO BINOMIAL DISTRIBUTION

THE BINOMIAL DISTRIBUTION MODELS THE NUMBER OF SUCCESSES (E.G., GIRLS) IN A FIXED NUMBER OF INDEPENDENT TRIALS
(CHILDREN), EACH WITH THE SAME PROBABILITY OF SUCCESS. TS KEY PARAMETERS ARE:

- NUMBER OF TRIALS (N): IN THIS CASE, 5 CHILDREN.

- NUMBER OF SUCCESSES (K): NUMBER OF GIRLS AMONG THE CHILDREN.

- ProBABILITY OF success (P): 0.5 FOR EACH CHILD BEING A GIRL.

THE PROBABILITY OF GETTING EXACTLY K GIRLS IN N CHILDREN IS GIVEN BY THE BINOMIAL PROBABILITY FORMULA:

\[ P(k) = \einoM{N}k} \TiMes Pk \TiMeS (1 - P) N - k3 \]

wHERE \(\&INoM{N}{k}\) IS THE BINOMIAL COEFFICIENT, REPRESENTING THE NUMBER OF WAYS TO CHOOSE K SUCCESSES FROM N
TRIALS.

CALCULATING ProBABILITIES FOR DIFFERENT FAMILY COMPOSITIONS

ProBABILITY OF ALL CHILDREN BEING GIRLS

TO FIND THE PROBABILITY THAT ALL FIVE CHILDREN ARE GIRLS:

-k=5

- USING THE FORMULA:

\[P(5) = \einom{5}{5} \TiMes 0.5"5 \TiMes 0.5™{0} = 1 \TiMes 0.03125 \1iMes 1 =0.03125\]
THUS, THERE'S A 3.1259, CHANCE THAT ALL FIVE CHILDREN ARE GIRLS.

ProBABILITY oF EXACTLY FouUr GIRLS AND ONE Boy
-k=4



- CALCULATION:
\[ P(4) = \einom{53}{4} \TiMes 0.5"4 \TiMes 0.5 1 = 5 \TiMes 0.0625 \TiMes 0.5 =0.15625 \]
So, THERE IS A 15.6259%, CHANCE OF HAVING EXACTLY FOUR GIRLS AND ONE BOY.

ProBABILITY oF EXACTLY THREE GIRLS AND TwWo Boys

-k=3

- CALCULATION:

\[P(3) = \einoM{5}{3} \TiMes 0.5"3 \TiMes 0.5"2 = 10 \7TiMes 0.125 \7TiMes 0.25 =0.3125 \]
THIS MEANS THERE'S A 3 1.259, CHANCE OF HAVING EXACTLY THREE GIRLS AND TWO BOYS.

ProBABILITY oF FEWER GIRLS

SIMILARLY, PROBABILITIES FOR OTHER COUNTS OF GIRLS CAN BE CALCULATED:

- TWO GIRLS, THREE BOYS:

\[P(2) = \BinoM{5}{2} \TiMes 0.5"2 \TiMes 0.5"3 = 10 \7TiMes 0.25 \T1iMes 0.125 =0.3125 \]
- ONE GIRL, FOUR BOYS:

\[P(1) = \BinoM{5}{ 1} \TiMes 0.5"1 \TimMes 0.5"4 = 5 \TiMes 0.5 \TiMes 0.0625 =0.15625 \]
- No GIRLS, FIVE BOYS:

\[ P(O) = \einoM{5}{0} \TiMes 0.5"0 \TiMes 0.5"5 = 1 \TiMes 1 \TiMes 0.03125 =0.03125\]

UNDERSTANDING CUMULATIVE PROBABILITIES

WHAT Is CUMULATIVE PROBABILITY?

CUMULATIVE PROBARBILITY REFERS TO THE LIKELIHOOD OF AN EVENT OCCURRING UP TO A CERTAIN POINT. FOR EXAMPLE, THE
PROBABILITY OF HAVING AT MOST TWO GIRLS AMONG FIVE CHILDREN IS THE SUM OF PROBABILITIES FOR O, -|, AND 2 GIRLS.

CALCULATING CUMULATIVE PROBABILITIES

USING THE PREVIOUS CALCULATIONS:
\[ PO\texT{AT MosT 2 airLs}) =P(0) + P(1) + P(2) =0.03125+0.15625+0.3125=0.5\]
THIS INDICATES THERE'S A 50% CHANCE THAT THE W/ILSON FAMILY HAS TWO OR FEWER GIRLS AMONG THEIR FIVE CHILDREN.

APPLYING ReEAL-LIFE CONTEXT AND V ARIATIONS

FAMILY PLANNING AND EXPECTATIONS

\UNDERSTANDING THESE PROBABILITIES CAN HELP FAMILIES GRASP THE LIKELIHOOD OF VARIOUS OUTCOMES. FOR EXAMPLE, IF A
FAMILY HOPES FOR AT LEAST THREE GIRLS, THE PROBABILITY CAN BE CALCULATED AS:

\[ P(\TexT{3 or More GIrLS}) =P(3) + P(4) + P(5)=0.3125+0.15625 + 0.03125=0.5\]

So, THERE'S A 509% CHANCE OF HAVING THREE OR MORE GIRLS IN A FAMILY OF FIVE CHILDREN.

INFLUENCE OF CHANGING PROBABILITIES

WHILE WE ASSUME A 0.5 CHANCE FOR EACH CHILD BEING A GIRL, REAL~-WORLD FACTORS OR GENETIC CONSIDERATIONS COULD
SHIFT THIS PROBABILITY SLIGHTLY. ADJUSTING P IN THE BINOMIAL FORMULA ALLOWS FOR MODELING DIFFERENT SCENARIOS AND
UNDERSTANDING HOW LIKELY CERTAIN FAMILY COMPOSITIONS ARE UNDER VARIOUS ASSUMPTIONS.



ConNcrusion; THeE Power oF PRoBABILITY IN FAMILY PLANNING

(UNDERSTANDING THE PROBABILITY OF DIFFERENT FAMILY COMPOSITIONS BASED ON THE ASSUMPTION THAT EACH CHILD HAS A
0.5 CHANCE OF BEING A GIRL PROVIDES VALUABLE INSIGHTS INTO FAMILY PLANNING AND EXPECTATIONS. USING THE BINOMIAL
DISTRIBUTION FORMULA , FAMILIES LIKE THE \WILSONS CAN ESTIMATE THE LIKELIHOOD OF VARIOUS OUTCOMES, SUCH AS HAVING
ALL GIRLS, ALL BOYS, OR A MIX OF GENDERS. THESE CALCULATIONS NOT ONLY SATISFY CURIOSITY BUT ALSO SERVE AS A
PRACTICAL APPLICATION OF STATISTICAL CONCEPTS IN EVERYDAY LIFE. WHETHER FOR PERSONAL PLANNING OR SIMPLY
UNDERSTANDING THE FASCINATING WORLD OF PROBABILITY, GRASPING THESE FUNDAMENTALS EMPOWERS FAMILIES TO MAKE
INFORMED EXPECTATIONS ABOUT THEIR FUTURE.

KEY TAKEAWAYS:

- THE PROBABILITY OF ALL 5 CHILDREN BEING GIRLS IS 3.125%,.

- THE MOST PROBABLE FAMILY COMPOSITION IS HAVING EXACTLY THREE GIRLS AND TWO BOYS, WITH A PROBABILITY OF
31.25%.

- THE BINOMIAL DISTRIBUTION PROVIDES A STRAIGHTFORWARD WAY TO CALCULATE THESE PROBABILITIES.

- CUMULATIVE PROBABILITIES HELP UNDERSTAND THE LIKELIHOOD OF A RANGE OF OUTCOMES.

- ADJUSTING THE PROBABILITY P ALLOWS MODELING OF DIFFERENT REAL-WORLD SCENARIOS.

BY MASTERING THESE CONCEPTS, FAMILIES LIKE THE \WILSONS CAN BETTER UNDERSTAND THE STATISTICAL NATURE OF FAMILY
COMPOSITIONS AND APPRECIATE THE ROLE OF CHANCE IN EVERYDAY LIFE.

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE PROBABILITY THAT ALL FIVE CHILDREN IN THE W/ILSON FAMILY ARE GIRLS?

THE PROBABILITY THAT ALL FIVE CHILDREN ARE GIRLS 1S (0.5)"5 =0.03125 or 3.125%.

How MANY DIFFERENT GENDER COMBINATIONS ARE POSSIBLE FOR THE W/ILSON FAMILY'S
FIVE CHILDREN?

THeRE ARE 275 = 32 POSSIBLE COMBINATIONS OF BOYS AND GIRLS AMONG THE FIVE CHILDREN.

\WHAT IS THE PROBABILITY THAT EXACTLY THREE OF THE \WILSON CHILDREN ARE GIRLS?

USING THE BINOMIAL PROBABILITY FORMULA, P(3 GlrLs) = C(5,3) (0.5)*3 (0.5)"2=100.1250.25 =0.3125 or
31.25%.

WHAT IS THE PROBABILITY THAT THE W/ILSON FAMILY HAS AT LEAST ONE GIRL?

THE PROBABILITY OF HAVING AT LEAST ONE GIRL IS 1 - PROBABILITY OF ALL BoYs = 1-(0.5)"5=1-0.03125=
0.968750r 96.875%.

IF THE W/ILSON FAMILY HAS § CHILDREN , WHAT IS THE EXPECTED NUMBER OF GIRLS?

THE EXPECTED NUMBER OF GIRLS IS 5 0.5 = 2.5 GIRLS.

\WHAT IS THE PROBABILITY THAT THE WILSON FAMILY HAS EXACTLY TWO BOYS?

THIS IS EQUIVALENT TO HAVING THREE GIRLS, so P(2 Bovs) = C(5,2) (0.5)*2 (0.5)"3 =10 0.250.125 =0.3125 or
31.25%.



How DOES THE PROBABILITY CHANGE IF THE PROBABILITY OF A CHILD BEING A GIRL
INCREASES To 0.6°

THE PROBABILITIES WOULD NEED TO BE RECALCULATED USING 0.6 INSTEAD OF 05, AFFECTING ALL BINOMIAL PROBABILITY
CALCULATIONS ACCORDINGLY.

\WHAT IS THE PROBABILITY THAT THE WILSON FAMILY HAS EXACTLY FOUR GIRLS?
USING THE BINOMIAL FORMULA: P(4 airLs) = C(5,4) (0.5)"4 (0.5)"1=50.06250.5=0.15625 or 15.625%.

IF THE W/ILSON FAMILY HAS FIVE CHILDREN, WHAT IS THE PROBABILITY THAT THE
NUMBER OF GIRLS IS EVEN?

THE PROBABILITY THAT THE NUMBER OF GIRLS IS EVEN (O, 2, 4) IS THE SUM OF PROBABILITIES FOR THOSE CASES: P(O GIRLS) +
P(2 cirLs) + P(4 GirLs) = 0.03125 + 0.3125 + 0.15625 = 0.5 or 50%,.

ADDITIONAL RESOURCES

THE WiLsoN FAMILY HAD 5 CHILDREN. ASSUMING THAT THE ProBABILITY OF A CHILD BEING A GIRL Is 0.5, FIND — THESE
WORDS INTRODUCE A CLASSIC PROBABILITY PROBLEM THAT COMBINES REAL-WORLD FAMILY DYNAMICS WITH FUNDAMENT AL
PRINCIPLES OF STATISTICS. THIS TYPE OF PROBLEM IS COMMON IN INTRODUCTORY PROBABILITY COURSES AND PROVIDES
VALUABLE INSIGHTS INTO HOW PROBABILITY WORKS IN EVERYDAY SCENARIOS. IN THIS GUIDE, WE WILL EXPLORE THE PROBLEM IN
DETAIL, BREAKING DOWN THE CONCEPTS, CALCULATIONS, AND INTERPRETATIONS INVOLVED, TO HELP YOU UNDERSTAND HOW
TO APPROACH SIMILAR QUESTIONS CONFIDENTLY.

INTRODUCTION TO THE PROBLEM

IMAGINE THE W/ILSON FAMILY, WHO HAVE FIVE CHILDREN. THE QUESTION IS BASED ON THE ASSUMPTION THAT EACH CHILD HAS
AN EQUAL CHANCE OF BEING A GIRL OR A BOY, WITH THE PROBABILITY OF A CHILD BEING A GIRL AS 0.5. THE PROBLEM ASKS US
TO ANALYZE VARIOUS PROBABILITIES RELATED TO THIS FAMILY — FOR EXAMPLE, THE LIKELIHOOD OF HAVING A CERTAIN NUMBER
OF GIRLS, THE PROBABILITY THAT ALL CHILDREN ARE GIRLS, OR THE PROBABILITY THAT AT LEAST ONE IS A GIRL.

THIS SCENARIO IS A CLASSIC EXAMPLE OF A BINOMIAL PROBABILITY PROBLEM BECAUSE:

- EACH CHILD'S GENDER IS A BERNOULLI TRIAL (SUCCESS = GIRL, FAILURE = BOY).

- THE TRIALS ARE INDEPENDENT.
- THE PROBABILITY OF SUCCESS (GIRL) REMAINS CONSTANT AT (0.5 FOR EACH TRIAL.

FUNDAMENTAL CONCEPTS NEEDED
BEFORE DELVING INTO CALCULATIONS, LET’S CLARIFY SOME CORE PROBABILITY CONCEPTS:
1. PROBABILITY OF A SINGLE EVENT

- THE CHANCE THAT ANY ONE CHILD IS A GIRL: P = 0.5
- THE CHANCE THAT ANY ONE CHILD IS ABOY: Q= 1-pP=0.5

2. INDEPENDENT EVENTS
THE GENDER OF EACH CHILD IS INDEPENDENT OF THE OTHERS, MEANING THE OUTCOME OF ONE DOES NOT INFLUENCE THE OTHERS.

3. BINoMIAL DISTRIBUTION



THE PROBABILITY OF GETTING EXACTLY K GIRLS IN N CHILDREN FOLLOWS THE BINOMIAL DISTRIBUTION:

\[P(X =k) = \sivom{n}{k} Pk (1 -P) N -k} \]

\X/HERE:

- \(\einoM{N}{K} \) IS THE BINOMIAL COEFFICIENT, REPRESENTING THE NUMBER OF WAYS TO CHOOSE k SUCCESSES OUT OF N

TRIALS.
-\(P\) IS THE PROBABILITY OF SUCCESS ON AN INDIVIDUAL TRIAL.

STEP-BY-STEP BREAKDOWN OF THE PROBLEM

STeP 1: UNDERSTANDING THE SAMPLE SPACE

FOR & CHILDREN, EACH WITH TWO POSSIBLE GENDERS, THE TOTAL NUMBER OF POSSIBLE GENDER ARRANGEMENTS IS:
\[2"5=32]

EACH ARRANGEMENT IS EQUALLY LIKELY IF WE ASSUME THE PROBABILITY OF EACH CHILD BEING A GIRL OR BOY Is 0.5.
STep 2: PossisLE OUTCOMES

THE DIFFERENT OUTCOMES CAN BE CATEGORIZED BASED ON THE NUMBER OF GIRLS:

- O GIrLS, 5 BOYS

- T GIRL, 4 BOYS

- 2 GIRLS, 3 BOYS

- 3 GIRLS, 2 BOYS

- 4 GIrLs, 1 BOY
- 5 GIrLs, O BOYS

CALCULATING PROBABILITIES OF SPECIFIC EVENTS
1. ProBABILITY THAT ALL CHILDREN ARE GIRLS

THIS IS THE PROBABILITY THAT ALL 5 CHILDREN ARE GIRLS:

\[
P(\TexT{ALL 5 ARE GIRLS}) = P"5 = (0.5)"5 = \soxep{\Frac{ 1}{32} \arrrox 0.03125}

2. PrROBABILITY OF HAVING EXACTLY Kk GIRLS

USING THE BINOMIAL FORMULA:

\[
P(\TexT{exacTLy } k \TexT{ GIrLs}) = \minom{5 Kk} (0.5)"k (0.5)"{5 -k} = \minom{5}{k} (0.5)"5
\]

Because \(p =0.5\), THE CALCULATION SIMPLIFIES TO:

\[
P(k) = \einom{5 Xk} \TiMes \rrac{13{323
\]

FOR DIFFERENT VALUES OF K:



| Numeer of GirLs (k) | BinomiaL Coerricient \( \sinoM{5}{k3} \) | ProsagiLITY \( P(k) \) |

[O] 11\ T \1imMes \rrac{13{323} = \rrac{13}{32} ) |
| 1151\ 5 \1iMes \rrac{13{323 = \rrac{53}{32} )|
[ 2110 1\C 10 \1iMes \rrac{13{323} = \rrac{103}{323 \) |
3] 10 |\C 10 \1iMes \rrac{13{323} = \rrac{103}{323 \) |
| 415\ 5 \1iMes \rrac{13{32} = \rrac{5}{32} )|
5] 71\ T \1iMes \rrac{13{323 = \rrac{13}{32} ) |

APPLICATIONS AND PROBABILITIES OF INTEREST
1. ProBABILITY OF HAVING AT LEAST ONE GIRL

THIS IS A COMMON QUESTION — WHAT’S THE PROBARBILITY THAT THE FAMILY HAS AT LEAST ONE GIRL?

\l

P(\TexT{aT LeasT one GIrRL}) = 1 - P(\TexT{NO GIRLS})

\]

SINCE THE ONLY WAY TO HAVE NO GIRLS IS IF ALL CHILDREN ARE BOYS:

\[
P(\TexT{ALL BoYS}) = (0.5)"5 = \rrac{13}{323

\]

THEREFORE:

\[
PO\ TexT{AT LEasT one GIRL}) = 1 - \FrrAc{ 1} 32} = \rrac{313}{32} \arrrox 0.96875

2. ProBABILITY OF HAVING EXACTLY THREE GIRLS

USING THE BINOMIAL DISTRIBUTION:

\[

P(k=3) = \einom{53{33 \1iMes (0.5)"5 = 10 \1iMes \rrac{ 1}{ 32} = \rrac{103}{323 = \rrac{5}{ 16} \APPrOX
0.3125

\]

3. ProBABILITY oF ALL CHILDREN BEING GIRLS OR BoYs

- ALL alres: \( \rrac{13{323 \)
- ALL Bovs: \( \rrAc{13{32} \)

ToTAL:

\[
\rrAC{23}{32} = \rrac{1}{16}
\]

BROADER INTERPRETATIONS AND REAL-\W orRLD CONNECTIONS

1. ExPecTeED NUMBER OF GIRLS



THE EXPECTED VALUE (MEAN) IN A BINOMIAL DISTRIBUTION IS:

\[
ElX]=n\TMes P =5 \TiMes 0.5 =2.5
\]

THIS INDICATES THE W/ILSON FAMILY IS MOST LIKELY TO HAVE AROUND 2 OR 3 GIRLS, BUT THE EXACT NUMBER CAN VARY.
2. VARIANCE AND STANDARD DEVIATION

V ARIANCE GIVES US AN IDEA OF THE SPREAD:

\[
Var(X) =N \TiMes P \TiMes (1 -P) = 5 \TiMes 0.5 \TiMes 0.5 = 1.25

\]

STANDARD DEVIATION:

\[
\sicMa = \sqrT{1.25} \APPrOX 1.118

THIS SUGGESTS THAT THE NUMBER OF GIRLS IN SIMILAR FAMILIES VARIES AROUND 2.5, WITH TYPICAL DEVIATIONS OF ABOUT 1.
3. IMPLICATIONS IN FAMILY PLANNING AND DEMOGRAPHIC STUDIES
W/HILE THE WILSON FAMILY SCENARIO IS SIMPLIFIED, UNDERSTANDING THESE PROBABILITIES CAN INFORM EXPECTATIONS IN

LARGER POPULATIONS, GUIDE STUDIES ON FAMILY SIZE AND GENDER RATIOS, AND HELP IN UNDERSTANDING THE RANDOMNESS
INHERENT IN BIOLOGICAL PROCESSES.

EXTENDING THE PROBLEM: V ARIATIONS AND ADVANCED CONCEPTS
1. CHANGING THE PROBABILITY

\W/HAT IF THE PROBABILITY OF A GIRL ISN’T 0.5” FOR INSTANCE, IF CULTURAL FACTORS INFLUENCE GENDER RATIOS, HOW
WOULD THIS CHANGE CALCULATIONS?

- ADJUsT THE ProBABILITY \( P \).
- USE THE BINOMIAL FORMULA WITH THE NEw \( P \).

2. CONDITIONAL PROBABILITIES

SUPPOSE WE WANT THE PROBABILITY THAT THE FAMILY HAS AT LEAST THREE GIRLS GIVEN THAT THEY HAVE AT LEAST ONE
GIRL.

\l

P(\TexT{AT LeasT 3 GIrLs} \MID \TEXT{AT LEAST 1 GIRL}) = \FRAC{P(\TEXT{AT LEAST 3 GIRLS})HP(\TEXT{AT LEAST 1
GIRL})}
\]

CALCULATE:

\[
P(\TexT{AT LEaST 3 GIrLS}) = P(3) + P(4) + P(5) = \rrac{10 + 5 + 13}{32} = \rrac{ 16} 32} = \rrac{13{23
\]

AND, AS PREVIOUSLY CALCULATED:



\[
P(\texT{AT LEAST 1 GIRL}) = \rrAc{31}{32}

\]

THuUs:

\[
P(\TexT{AT LeasT 3 GIrLS} \MID \TEXT{AT LEAST 1 GIRL}) = \FrRAC{\FrAC{ 163}{32}}{\FrAc{31}{32}} =
\rrAc{163}{313 \aprrox 0.516

\]

SUMMARY AND KEY TAKEAWAYS

- THE PROBLEM OF CALCULATING PROBABILITIES RELATED TO THE W/ILSON FAMILY'S FIVE CHILDREN IS A CLASSIC APPLICATION
OF BINOMIAL PROBABILITY.

- THE TOTAL NUMBER OF POSSIBLE GENDER ARRANGEMENTS IS \( 275 = 32 \).

- THE PROBABILITY THAT EXACTLY \(k\) cHILDREN ARE GIRLS IS GIVEN BY \( \BINOM{5}K} \TIMES (0.5)"5 \).

- PROBABILITIES OF SPECIFIC EVENTS, SUCH AS

The Wilson Family Had 5 Children Assuming That The
Probability Of A Child Being A Girl Is 0 5 Find

The Wilson Family Had 5 Children Assuming That The Probability Of A Child Being A Girl Is 0 5 Find
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