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Theory card a

00O

i iati een two variables.
C lation refers to the relationship or association betw
orre

i i tliers and to
e a scatter diagram of the data to help identify ou
We can us

describe the correlation.

Linearity
These points are roughly
linear.

These points do not
follow a linear trend.
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Strength and direction

strong negative moderate negative weak negative

If a change in one variable causes a change in the other variable, there is 3
causal relationship between them,

To measure the strength of the relationship between two variables, we use
Pearson’s Product-moment correlation coefficient 1.
® 7 always lies in the range —1 <r<l.

® The sign of r indicates the direction of correlation. r > @ indicates
positive correlation, 7 <0 indicates negative correlation,

® The size of r indicates the strength of correlation,

Ir=1
0.95< |r <1
0.87 < |r| < 0.95
05<|r| <0.87
01<|r <05

0<|rl<0.1

perfect correlation
Very strong correlation
strong correlation

moderate correlation

weak correlation

very weak correlation

The line of best fit drawn by eye should pass through the mean point (z, 7).
A more accurate line of best fit is the least Squares regression line.

When using a line of best fit to estimate values, interpolation is
usually reliable, whereas extrapolation may not be,
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The house size and number of cars owned was recorded for each

household in a particular neighbourhood:

House size (m?) | 210.1 | 267.6 | 238.5 | 201 | 196.5
Number of cars 2 2 1 1 1
House size (m?) | 214.7 | 210 | 184.8 | 295.9 | 159.2
Number of cars 1 1 1 3 0

* l @ @ Hsquared Education GmbH

Draw a scatter diagram for the data.
Calculate the correlation coefficient r for the data and describe the

correlation between the variables.
Is it reasonable to conclude that there is a causal relationship between

the variables? Explain your answer.
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150 |
200 250 300 ~ house size (m?)

b r~0.867 i
. There is a strong positive correlation between the Vvariabl
es.

No. Despite the stron iti
g positive correlation, it j i
;ahtzusehold to buy more cars, or vice V:::a 1t is unlikely that 5 larger house will cayse
er, an increase in both variap] o dri
Households with higher ; ©s may be driven by the in
— with higher incomes will be more likely to afford (1::1”;;‘;12 uth:e hou;ehold.
S and more
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Consider the data below:

T

1

2

3

Y

2.6

4.5

5.7

6.5

9.8

Calculate T and 3.

0 an O o

point (Z, 7).
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Find the least squares regression line.

Estimate the value of y when = =7.
Hence explain why a line of best fit by eye should pass through the mean
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a y=0.9+1.64z {using technology}
b =3 and =582 {using technology}
¢ When z =2 =3, y~0.9+164(3)
~ 5.82
=y
d The least squares regression line passes through the mean
point (Z,7) as shownin €. Since the least squares regression
line best fits the data and a line of best fit by eye is an

estimate of this line, any line of best fit by eye should also
pass through the mean point.
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The population of an endangered bird species on an island was

recorded over several years:

Years after 2008 (t years) 0 2

4

6

8

€ The estimate in d  js an

Number of birds (B) 5927 | 5620

5248

5011

4851

Draw a scatter diagram for the data.

Q a O o

Estimate the number of birds in:
i 2011 ii 2025.

e Comment on the reliability of your answers to d.

* l @ © Hsquared Education GmbH Mathematics SL

Without calculating r, explain why B and ¢ are negatively correlated.
Find the equation of the least squares regression line and the r-value.
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8 t (years)

b As ¢ increases B d
5 cereases, so the variables are i
gy i, negatively correlated,

990  {using technology}

d i In 2011, t=2011~2008=3

So when ¢ = 3, B~—138x3 + 5880
~ 5466 birds
ii In 2025, t = 2025 — 2008 = 17
So when = 17, R~ —138 17 + 5880
~ 3534 birds

interpolation, so jt is likely to be reliable.

The estimate in i i
] 18 an extrapolation, i N
may not continue in the long tgm , SO it may not be very reliable. The linear trend



Front side

i Probability
117“0 SL  Topic5 |

IB Mathematics SL

Topic 5 | Probability

Theory card a

00O

urs each time we per l()]”l an experiment.
A trlal OoCC p p

they are equally likely.

€ev t S an outcome or set Of outcomes Wlth a partlcula.r cllal acteristic.
An ent 1

Experimental probability

ilities of different
ituations, we can only measure the probabilities
In many situal 5

outcomes by experimentation.

Experimental probability = relative frequency.
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Theoretical Probability
For an event 4 containing equally likely outcomes, the probability of 4

occurring is P( A) = %

For any event 4, 0< P(4) <1

The union 4 or B is AUB. We take 4 or B to mean “4 or B or both”,
The intersection 4 and Bis AN B,

P(AUuB) = P(4) + P(B) — P(4An B).

For disjoint or mutually exclusijve events, ANB =g and P(ANB) =,

For any event A, A is the event that 4 does not occur. A and A’ are
complementary events, ang P(4) + P(A) =1.

AUA' =U and ANA =g

Two events are independent if the occurrence of each of them does not affect
the probability that the other occurs. An example of this jg sampling with
replacement,

You should be able to use Venn diagrams, tree diagrams, counting
Principles, and taples of outcomes to calculate probabilities. Yoy should
also be able to use Venn diagrams to verify set identities,

Conditional Probability
For any two events 4 and B, P(4 | B) = P(;i(\g)B)-

For independent events, P(4) = P(4| B) = P4 B')
and P(AN B) = P(4)p(p).
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A two-headed coin, a two-tailed

coin, and a fair coin with a head {—~H
and a tail, are placed in a box. A s two;l(n)?:ded 0
coin is randomly selected from the 3 i
box, and is flipped. two-tailed < H
a Copy and complete this tree coin T
diagram. o
b Find the probability that the fair coin <
result of the toss is: T
i ahead ii a tail.
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a
two-headed < ileele!
7 coin O T
o~ H

two-tailed
coin < 1w
1
i+H
I>™T

= Wi =

™ fircoin <

b i PH)=1x2+0x3+3x3
_1_1
=3ts
1

2
i (T)=1-PH)=1 {usingi}
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a Show that for events A and B that have equally likely outcomes, the
probability of A given B is P(A | B) = n(:(;;)B )|

b In a survey, 30 people were asked if they drive or take public transport
to work. 5 people said that they only drive, 10 people said that they only
take public transport, and the remaining 15 people said they do both.
Given that a randomly selected person from the survey takes public
transport, what is the probability that they also drive to work?
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a Since the outcomes in A and B are equally likely,
__ n(ANnB) _ n(B)
P(ANB) = @) and P(B) = )
P(AN B)
P(B)
_n(AnB) _ n(U)
~ n(D) n(B)
__ n{ANB)
~ n(B)
b Let D be the event that a person drives and let P be the
event that a person takes public transport.
. _n(DNP)
. P(D|P)= (®) {from a}
15
+15

. P(A|B) =

Il
wilen Mlb—' —
ajlor ©
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a If A and B were mutually exclusive, then
P(AUB) = P(A) + P(B) must be < 1.
But P(A) + P(B) =0.6+0.55 =1.15 > 1.
*. the intersection of A and B must be non-empty.
‘. A and B cannot be mutually exclusive.

b |  P(AUB)=P(A)+P(B)—P(ANB)
A and B are events such that P(A) = 0.6 and P(B) =0.55. o P(ANB) =P(A) +P(B) —P(AUB)
a Explain why A and B cannot be mutually exclusive. =0.6+0.55-0.8
b i Determine P(ANB) if P(AUB)=0.8. =03
il Hence calculate P(A | B). il P(A|B)= P(?(E)B )
0.35

= {using 1}

e
1

|
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@ The tree diagram uses D for diseased
@ P for positive test result.

098 , p
A blood test is used to test for a rare disease. Amongst diseased individuals,

the disease is detected 98% of the time. Amongst non-diseased individuals,

the test result is a false positive 15% of the time. It is known that 1% of the = DI%: P

population has the disease. 085 > P’
a Find the probability that a randomly selected person tests positive for the .. P(P)=P(DNP)+P(D' N P)

disease. =0.01 x 0.98 4 0.99 x 0.15
b If a randomly selected person tests positive for the disease, find the =0.1583

probability that they actually have it. b p(D|P)= PPNP)
¢ Suggest a reason why doctors should not rely on a single test to determine D1F)= P(P)

whether a patient has the disease. = % ~ 0.0619

¢ Doctors should not rely on a single test to determine whether
a patient has the disease because the probability of a false
positive is so high. A false positive could result in a patient
* | @ © Hsquared Education GmbH Mathemtics SL 1178 being treated unnecessarily.
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B for black,
Question cards R/%/\%\B

o ~, I s
/50 \ / 5 \ /5 50\ /5 50\
R B R B R B R B
. There are 3 possibilities for drawing exactly 2 red cards:
Front side o RRB
e RBR
e BRR
So, the probability of exactly 2 red cardg
. =P(RRB or RBR o BRR)
: it
122 |? sSL Topic5 | Probability =P(RRB) + P(RBR) + p(BRR)
=(%X%X§%)+(%X§%‘X§—S)+(§—SX¥X§—S)
=
~0.382
b The tree diagram uses @ for queen.
Q Q'
g ment.
from a standard deck of 52 cards without replace /%/\g\ /%/\g\
sy ko he probability that: Q Q' Q 9’
tree diagram to find the p 2N FLg": 3Ny e
Use a e 50 50, 50 50, 50 50, 50 50,
ds are drawn AL i ’ &y S
a exactly 2 red cards Q Q Q Q Q Q Q Q
awn.
b 3 queens are dr.

So, the Pprobability of 3 queens
=P(QQQ)

=4 43,2
T X Xg

5!
~1.81 x 10~4

117B

Mathematics SL
‘ l @ © Hsquared Education GmbH



