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MATHEMATICS – STATISTICS and MODELLING



NAME: __________________
Level 3
3.6 Use Probability Distribution Models to Solve Problems
Credits: Four

Externally assessed
Answer ALL questions in the spaces provided in this booklet.

Show ALL working for ALL questions.
You may use an approved calculator and the approved formula sheet
	Achievement Criteria     For Assessor’s use only

	Achievement
	Achievement

with Merit
	Achievement

with Excellence

	Use probability distribution models to solve straightforward problems


	Use probability distribution models to solve problems


	Use and justify probability distribution models to solve complex problems




	Grade Awarded:
	

	Reason for grade assigned
	Reason for not achieving next highest grade

	
	


	Unit Standard 5259 Version 3 Credits: 3
	Use probability models to solve problems

	Requires 2 of 3 sections all correct.
	Normal

Question ONE
	
	Binomial

Question Two
	
	Poisson 

Question Four
	

	Requirements Met:
	Yes / No

	Unit Standard 5258 Version 3 Credits: 2
	Use expected values to solve problems



	Requires 3 parts correct.
	FIVE (a)
	
	FIVE

(b)
	
	SIX  

(a)
	
	SIX

(b)
	

	Requirements Met:
	Yes / No


QUESTION ONE

The time it takes me to drive to my friends is normally distributed with mean 1.7min and standard deviation 0.32 min. 
(a) What percentage of the time would I expect to take less than 2 minutes?
(b)
If I want to not be late 95% of the time, how long should I allow to get there?

QUESTION TWO

The probability of a friend answering the phone when I ring is 0.4. 
In the next 8 random times that I ring,

(a) what is the probability that exactly 3 of them the friend answers?
(b) what is the probability that at least 7 times the friend does not answer?
QUESTION THREE

The probability that I will need to fill up with petrol each time I borrow the car is 0.32. What is the probability that the next 5 times I borrow the car it will need filled up at least once?
QUESTION FOUR

The car breaks down on average 3 times a month. If this follows a Poisson distribution, what is the probability that it breaks down at least once in the next month?

QUESTION FIVE

Circular holes being dug have a diameter of 45 cm with standard deviation 2.3 cm. The circular material that is to be placed inside them has a diameter of 43.5 cm with standard deviation 1.8 cm.

(a) What is the mean gap between the diameter of the hole and the diameter of the material?

(b) What is the standard deviation of the gap between the diameter of the hole and the diameter of the material?

(c) What is the probability that the material will not fit into the hole?

QUESTION SIX
On average a particular travel case when packed weighs 18.3 kg with standard deviation 1.9 kg. There are 5 such travel cases, as well as another bag which weighs 6kg, to make up a family’s luggage.
(a) What is the expected total weight of this luggage?

(b) What is the expected standard deviation of the total weight of this luggage?

(c) What is the probability that the total luggage weighs more than 100 kg?

QUESTION SEVEN

About 70% of the time that Matilda asks permission to go out, she is allowed. She wants to work out the number of times she will be allowed to go out for a set number of times that she asks permission.

(a) Name a probability distribution that can be used to model this situation.

(b) State the properties of the distribution that must hold or assumptions that need to be made, giving any values of parameters that are known.

(c) Describe how well (or not) the situation fits the assumptions of the model.

(d) If she wants to be 90% sure to go out at least 2 times next week, what is the minimum number of times she should ask permission? Show working for this.
QUESTION EIGHT

George has found that the probability that he goes out with a particular friend during a day is
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. 

Of 28 randomly selected days, what is the probability that he goes out at least 10 times with this friend?

Describe and justify the probability model you use to calculate this probability.
MATHEMATICS-STATISTICS 3.6

ASSESSMENT SCHEDULE
	
	Assessment Criteria
	Number
	Evidence
	Code
	Judgement
	Sufficiency

	ACHIEVEMENT
	Use probability distribution models to solve problems
	ONE

(a)

TWO

(a)

(b)

THREE

FOUR


	NORMAL


0.8258

BINOMIAL   2 of:

0.2787


0.1064


0.8546

POISSON


0.9502


	A1

A2

A2

A2

A3
	Accept 0.8256
	Achievement

2 of the three distribution requirements

(Need 2 of A2 for Binomial)


	MERIT
	Use probability distribution models to solve more complex problems
	ONE

(b)

FIVE(a)

(b)

(c)

SIX (a)

(b)

(c)
	NORMAL

2.2265min or 2.23 min or 

2 min 14 sec

1.5 cm

2.9206

0.3036

97.5 kg

4.249 kg

0.2783
	M    A1

M

M

M    A1

M

M

M    A1
	Units not essential

Accept reasonable rounding with working.
	Achievement with Merit:

Achievement plus 4 others of these 7.


	EXCELLENCE
	Use and justify probability distribution models to solve complex problems
	SEVEN

(a)

(b)

(c)

(d)

EIGHT


	Binomial

1. Two outcomes – allowed or not

2. Repeated finite number of trials – keeps asking

3. Independence 

4. Probability (p = 70%) constant from trial to trial

Last two doubtful – one answer may influence another and other circumstances (e.g where, who with, etc) will change the probability.

4 showing that P(0, 1 or 2 refusals) = 0.9163

Binomial n = 28, p =  
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 but use Normal approximation as np  and n(1-p) both >5

μ = np = 6, σ = 2.17

Prob = 0.0535
	E    A2

E

E     A2

A2

E 

E      A1
	Either order or point which causes movement permanently away from root.

Note: 0.0328 indicates lack of use of continuity correction
	Achievement with Excellence:

3 of these 5 plus Achievement and Merit criteria


POSSIBLE WORKING:

ONE:

(a)
P(X < 2) = P(Z < 
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)
= P(Z < 0.9375)=0.5 + P(0<Z<0.938)




= 0.5 + 0.3258 = 0.8258

(b)
P(0 < Z < a) = 0.45  from inversing table means a = 1.645


Required time = 1.7 + 1.645 ( 0.32 = 2.2264



So 2.23 minutes

TWO:

(a)
Binomial tables, p = 0.4, n = 8, X = 5
prob = 0.2787

(b)
7 times not answer = 1 time answer


8 times not answer = 0 times answer


P(X = 0 or 1) = 0.0168 + 0.0896 = 0.1064

THREE:


p = 0.32, n = 5

P(X >  1) 
= 1 – P(X =0)







= 1 – 5C0(0.32)0(0.68)5






= 0.854607


Therefore 0.8546 (to 4 d.p)

FOUR:


Prob = 1 – P(X=0)
= 1 – 0.0498





= 0.9502 (to 4 d.p)

FIVE:

(a) Mean gap = 45 – 43.5 = 1.5

(b) Std dev = 
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= 2.9206

(c)
P(gap < 0) = P(Z < 
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= P(Z < -0.51359)=0.5 – P(0<Z<0.514)




= 0.5 - 0.1964 = 0.3036

SIX:

(a) 18.3 ( 5 + 6 = 97.5 kg

(b) 
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= 4.248529 kg

(c)
P(X > 100) = P(Z > 
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= P(Z > 0.588)=0.5 – P(0<Z<0.588)




= 0.5 - 0.2217 = 0.2783

SEVEN

(a) Binomial

(b)
1. Two outcomes – allowed or not

2. Repeated finite number of trials – keeps asking to go out
3. Independence 

4. Probability (p = 70%) constant from trial to trial

(c)
Last two doubtful – one answer may influence another and other circumstances (e.g where, who with, etc) will change the probability.

Some parents might think that the number of times of asking is not finite either!
(d)
Let X be number of times not allowed to go out, so that p = 0.3 which can be read from the tables.

If n = 2
, there would need to be 0 refusals, but P(X = 0) = 0.49

If n = 3, there could be 0 or 1 refusals. 

P(X = 0 or 1) =0.3430 + 0.4410 = 0.784 (not up to 0.9 yet)

If n = 4 
 P(0, 1 or 2 refusals) = 0.9163 which is greater than 0.9


So need to ask 4 times.

EIGHT:


Binomial with n = 28 and p = 
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 because 2 outcomes, finite trials and 


assuming independence and constant probability.


P(X > 10) requires 19 calculations, however, so need an approximations.

Because np = 6 is > 5 and n(1 – p) = 22 is >5, Normal approximation will be reasonable.

Mean of Normal distribution is np = 28 ( 
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 = 6

Std dev of normal distribution is 
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np

=2.712

Discrete being approximated by a continuous, so continuity correction needed.

P(X > 10) becomes P(X > 9.5)

P(X > 9.5) = P(Z > 
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= P(Z > 1.61198)=0.5 – P(0<Z< 1.612)




= 0.5 - 0.4465 = 0.0535
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