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  

4.	 The weights of apples Sam grows are normally distributed with a mean of 131 g and a 
standard deviation of 6 g

	 A supermarket will only buy apples with weights in the range 125 g to 137 g

	 (a)	 Find the proportion of apples Sam grows that the supermarket will buy.
(1)

	 Some of Sam’s apple trees are treated with the aim of reducing the variability in weight 
of apples, without significantly affecting the mean weight. The weights of apples are 
still normally distributed.

	 A random sample of 25 apples was taken from treated trees and the weight, x grams, of 
each apple was recorded. The results are summarised by the following statistics

n x x� � �� �25 3250 422 862
2

	 (b)	 Use a 5% level of significance to carry out a suitable test to determine whether 
there is evidence that the variance of the weights of apples from treated trees 
has decreased.

		  You should clearly state your test statistic, hypotheses and critical value.
(6)

	 (c)	 Calculate a 95% confidence interval for the mean weight of apples produced by 
Sam’s trees after treatment.  

		  You should clearly state the formula and numerical expression you have used.
(3)

	 (d)	 (i)	 State, giving a reason, whether the aims of the treatment have been met.

		  (ii)	 Give an estimate of the proportion of apples the supermarket will buy from 
Sam’s trees that have been treated. 

(3)
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  

5.	 A psychologist claims to have developed a technique to improve a person’s memory.

	 A random sample of 8 people are each given the same list of words to memorise  
and recall.

	 Each person then receives memory training from the psychologist. After the training, 
each person is given the same list of new words to memorise and recall.

	 The table shows the percentage of words recalled by each person before and after  
the training.

Person A B C D E F G H

Percentage of words 
recalled before training 24 33 33 39 30 38 32 34

Percentage of words 
recalled after training 28 30 37 41 32 44 35 34

	 (a)	 State why a paired t-test is suitable for these data.
(1)

	 (b)	 State an assumption that needs to be made in order to carry out a paired t-test in  
this case.

(1)

	 (c)	 Test, at the 5% level of significance, whether or not there is evidence of an increase 
in the percentage of words recalled after receiving the psychologist’s training. 
State your hypotheses, test statistic and critical value used for this test.

(7)
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Question 5 continued
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  

6.	 A researcher set up a trial to assess the effect that a food supplement has on the increase 
in weight of Herdwick lambs. The researcher randomly selected 8 sets of twin lambs. 

	 One of each set of twins was given the food supplement and the other had no food 
supplement. The gain in weight, in kg, of each lamb over the period of the trial 
was recorded. 

Set of twin lambs A B C D E F G H

Weight gain 
(kg)

With food supplement 4.1 5.3 6.0 3.6 5.9 4.2 7.1 6.4

No food supplement 5.0 4.8 5.2 3.4 5.1 3.9 7.0 6.5

	 (a)	 State why a two sample t-test is not suitable for use with these data.
(1)

	 (b)	 Suggest 2 other factors about the lambs that the researcher may need to control 
when selecting the sample.  

(2)

	 (c)	 State one assumption, in context, that needs to be made for a paired t-test to 
be valid.

(1)

	 For a pair of twin lambs, the random variable W represents the weight gain of the 
lamb given the food supplement minus the weight gain of the lamb not given the food 
supplement.

	 (d)	 Using the data in the table, calculate a 98% confidence interval for the mean of W
		  Show your working clearly.

(5)

	 The researcher believes that the mean of W is greater than 200 g

	 (e)	 Stating your hypotheses clearly, use your confidence interval to explain whether or 
not there is evidence to support the researcher’s belief.

(3)
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Question 6 continued
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Question 6 continued
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Qu Scheme  Mark AO 
4.  
(a) 

(Prob = ) 0.68268…  = awrt 0.683    or  awrt 68.3%   (o.e.)  B1 1.1b 

   (1)  
(b) 2 2 2 2

0 1H :  = 6      H :  < 6σ σ   B1 2.5 
 

 ( )23250
252 422 862 25

24
s

− ×
= = (15.0833…)  M1 2.1 

 Test statistic = 2
24 "15.0833..."

6
×  =,   10.0555…   awrt 10.1  M1,A1 1.1b,1.1b 

 5% critical value (lower tail) 2
24 (5%)χ  = 13.848  B1 3.4 

 (Significant result so reject H0)   there is evidence that  
      the treatment works  oe  or   variance of weights is lower  oe  A1 2.2b 

   (6)  
(c) 

24
"3.88...", 130 2.064

25 25
sx t± = ± ×   M1A1ft 3.3, 3.4 

                                        =  (128.4…, 131.6…) = awrt (128, 132)  A1 1.1b 
   (3)  

(d)(i) Yes (or treatment worked) since 131 is in CI (and σ  reduced)  B1 2.4 
     

(ii) Assume σ = “3.9” (or better) and suitable µ e.g. 131  M1 3.5a 
 Proportion in range (79% ~ 88%)  A1 1.1b 
   (3)  

 (13 marks) 
 Notes 

(a) B1     for awrt 0.683 or awrt 68.3% o.e. Do not accept a fraction 
(b) 1st B1  for correct hypotheses in terms of  2  or  σ σ  Do not accept in words. 

 1st M1  for a correct expression for s or s2   Implied by 181
12

 or 15.0833… 

 2nd M1 for a correct expression for ts (ft their 15.0833…) May be implied by awrt 10.1 
 1st A1  for awrt 10.1  or may see 181

18
 

 2nd B1  for the correct cv of 13.848 (accept 13.8 or better or allow 13.85)  
 2nd A1  for a correct conclusion in context (independent of hypotheses but dep on M2 and their 

 ts < cv where 12 < cv <15). Incorrect comparison or contradictory statement is A0 
(c) M1       for an attempt at a correct formula with 130 or their 3.88…  and 25  and  t > 2 

 1st A1ft for a correct expression using t = 2.064 (or better) can ft their 3.88… = their s  
2nd A1  for awrt (128, 132) provided M1 clearly scored. 

  
(d)(i) B1       dep on a CI in (c) which includes 131 and concluding variance lower in (b). For stating 

 treatment was successful (o.e. condone e.g. yes) and mentioning 131 (or referred to as 
 the mean) is inside CI. Do not allow reference to critical region for CI. 

  
(ii) M1     for evidence of a suitable σ used (ft their s) and a value of µ from their CI.  

 Must see their values for µ  and σ  to score. 
 A1      dep on σ = awrt 3.9 and  µ = [ ]awrt128, awrt132 for an answer in the range 0.79 to 0.88 

 inclusive (decimal or %) 
NB                σ = 3.9, µ = 128.4 gives 79.5%;     σ = 3.9, µ = 131.6 gives 87.2% 

                σ = 3.9, µ = 131 gives 87.6% 
 

PMT
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  Question Scheme 

 

Marks AOs 

5(a) e.g. for each person the scores before and after are not independent  B1 2.4 

 (1)  

(b) The differences in scores are normally distributed. B1 2.4 

 (1)  

(c) d: 4  –3   4   2   2   6   3   0 M1 3.1b 

 2.25d =          = 7.642857.... = 2.76457… M1 1.1b 

H0 : μd = 0       H1 : μd  >  0                                                            B1 3.3 

"2.76..."

8

" 2.25"
t


=   M1 1.1b 

=   2.3019….                                        awrt    2.30 A1 1.1b 

Critical value t7 =  1.895 B1 1.1b 

2.30 > 1.895, therefore ( reject H0) there is sufficient evidence to: 

support an increase in the percentage of words recalled 

or 

support psychologist’s claim 

A1ft 2.2b 

 (7)  

(9 marks) 

Notes 

(a) B1: correct explanation  

(b) B1: correct modelling assumption 

(c) 

M1: for setting up paired t-test with at least 5 correct differences consistent in direction 

M1: complete method for d  and sd  or   

B1: Use of t-distribution for differences with both hypotheses correct in terms of μ / μd 

Allow μd  <  0  if candidate does test with negative test statistic 

M1: method for finding test statistic with their values 

A1: awrt  2.30   

B1: correct critical  1.895 (or better) with compatible sign 

A1ft: drawing a correct inference in context 

Must be consistent with their CV and a standardised test statistic from t-distribution 

Must mention “percentage” and “words” or “psychologist’s claim” 

 

SC: If they have carried out a t-test for two independent samples they can potentially score: 

M0M0B0M1A0B1A1ft  

If they do follow this path, they can score: 

3rd  M1 for standardising with difference of their means and a pooled variance 

2nd B1 for a CV of 1.761 

A1ft for a correct contextual conclusion for their test statistic and 1.761 
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Question Scheme Marks AOs 

6(a) The samples are not independent B1 3.5b 

  (1)  

(b) 
They should consider the birth weight, gender, or whether or not the 

lambs are premature. oe 

B1 

B1 

2.4 

2.4 

  (2)  

(c) 

Need the assumption that the underlying distribution of the 

difference between the weight gains must be normally 

distributed. 

B1 

 
2.4 

  (1)  

(d) Difference   – 0.9   0.5  0.8  0.2  0.8  0.3  0.1    –0.1 M1 3.1b 

 

 0.2125w =   
2 0.3041...s =   (s 0.551...= ) M1 1.1b 

 Confidence interval :  
"0.3041"

"0.2125"
8

t    M1 2.1 

                                     
"0.3041"

"0.2125" 2.998
8

   A1ft 1.1b 

                           = (–0.37202…, 0.79702…)   oe                 A1 1.1b 

   (5)  

(e) 
0 1H : 0.2     H : 0.2w w =   B1 2.5 

 200g = 0.2 kg is in the interval M1 2.1 

 There is no evidence that w  is greater than 0.2 oe A1ft 2.2b 

  (3)  

Total 12 

Notes 

(a) 
B1   The idea that samples are not independent. Condone other irrelevant comments 

provided they do not contradict this. 

(b) 
B1   For one suitable comment on twins being identical relating to selecting the sample. 

Condone start weight. Do not accept age / diets of the lambs  

 B1 For a second suitable comment.  

(c) B1 Need the emboldened words. 

(d) M1 attempting differences (at least 4 correct) implied by awrt 0.304 or 0.551 but not 0.2125 

 
M1 attempt to find w and 

2  or  s s   for their differences implied by 0.2125 and either awrt 

0.304 or 0.551 

 

M1 
For using the correct formula 

2their 
their 

8

s
w t   where 2t   all values need to be 

substituted in.  

 
A1ft 

for
2their 

their awrt 2.998
8

s
w   all values need to be substituted in 

 A1 dependent on all previous method marks (awrt  -0.372, awrt 0.797)   

 

SC If they have carried out a CI for two independent samples allow 3rd M for using their 

difference of their means and a pooled variance and A1ft using correct formula with 

awrt 2.624 

(e) B1 For both hypotheses correct in terms of or w    Condone 200 

 M1 For changing 200 g to 0.2 kg (ignore units for this mark) and comparing to their CI  

 

A1ft Independent of hypotheses. Drawing a correct inference following through on their CI 

provided 0.2 is within their confidence interval, with no contradictory statements. Does 

not need to be in context. Accept “insufficient evidence to support the (researcher’s) 

belief”.    


